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1. Vispārējs raksturojums

Publikācijās atspoguļotie rezultāti iegūti laikā no 1979. līdz 1996. gadam,

strādājot LV Bioloģijas fakultātes Augu fizioloģijas un mikrobioloģijas katedras

(vadītāja - profesore Helēna Mauriņa) Augu attīstības fizioloģijas laboratorijā, bet no

1991. gada - uz iepriekšminētās laboratorijas bāzes izveidotajā Augu un

mikroorganismu ģenētikas laboratorijā. Dala pētījumu 1984. - 1987. gados veikti

sadarbībā ar Prāgas Kārļa Universitātes zinātniekiem Čehijā, bet kopš 1988. gada -

Vācijā, stažējoties Rēgensburgas un Ķelnes universitātēs.

Darbā izmantotas dažādas pieejas imūno atbildi VeiCInOŠUsavienojumu

iegūšanai no mikroorganismu šūnām un klonēto genu ekspresiju regulējošo faktoru

izpētei.

Selekcionēti Penicillium gints augsnes mikroskopisko sēņu celmi, kuri sintezē

dabisku imūnstimulatoru - glikoproteīnu ar adenilātdezamināzes enzimātisko

aktivitāti. Raksturota adenilātdezamināzi (ADA) producējošo Penicillium celmu

fiziolcģija, izstrādātas metodes ADA attīrīšanai un dots tās irnunoloģiskās iedarbības

spektra raksturojums.

Ar genu inženierijas metodēm konstruēti cilveka imūnmodulatoro proteīnu

gēnus nesoši Escherichia coli celmi. No molekulārās mikrobioloģijas viedokļa

raksturoti faktori, kuri regulē plazmīdu genu stabilitāti un ekspresijas efektivitāri

baktēriju šūnās.

Darbā izmantotas:

mikroorganismu fizioloģijas lID bioķīmijas metodes: mikroorganismu

kultivēšanas apstākļu optimizācija, mikroorganismu fermentu un DNS preparātu

iegūšana un artīrīšana, fermentu īpašību raksrurošana, DNS struktüras analīze ar

resrrikcijas analīzes un sekvenēšanas palīdzību;

mikroorganismu ģenētikas III genu inženierijas metodes: mikroorganismu

celmu selekcija un konstruēšana, to ģenētiskās stabilitātes raksrurošana, genu

bibliotēku veidošana un DNS klonēšana, virzītā mutaģenēze, proteinu un D\,:S

mijiedarbības izpēte ar veidoto kompleksu elekrroforētiskā kustigurna un proteīnu

neaizsargātās DNS degradācijas ("fUtprintinga"") palidzību, plazrnidu genu prornoteru
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efektivitātes raksturošana pēc reportiergēnu ekspresijas aktivitātes un DNS topoloģijas

izpēte ar šim nolūkam speciāli pielāgotārn elektroforēzes rnetodērn;

eksperimentālās imunoloģijas metodes: humorālo un šūnu imūno atbildi

raksturojošie testi: limfocītu mitotiskās aktivitātes stimulēšana un blasttransformācija,

antivielas producējošo šūnu skaita noteikšana liesā (Jemes reakcija), audzēju un

imūnās sistēmas šūnu mijiedarbība in vitro, asins bioķīmisko rādītāju un šūnu

morfoloģijas raksturojums, transplantējamu audzēju un inducētu infekciju attīstības

pētījumi laboratorijas dzīvniekos.

Darbu izstrādājot, ir vadītas 4 doktora disertācijas un vairāk nekā 10

diplomdarbi.

Aizstāvēšanai iesniegtajā darbu kopā ir iekļauti 6 zinātniskie raksti angļu

valodā, 2 zinātniskie raksti čehu valodā, 4 zinātniskie raksti krievu valodā, 8 PSRS

autorapliecibas, no kurām piecām izņemts atbilstošs Latvijas Republikas patents.

Publikāciju impaktfaktoru summa pēc ISI datiem 1996. gadā ir 19, 347.

n. Pētījumu virzienu teorētiskā un praktiskā nozīme, problemas un

uzdevumi.

Imūno atbildi veicinošie savienojumi sekmē organisma pretestības spējas pret dažādu

infekciju izraisītājiem, arī pret audzēju šūnu attīstību. Pēdējos gados parādījušās

jaunas bīstamas infekcijas, daudzi jau sen zināmo infekciju izraisītāji ir zaudējuši

jūtību pret agrāk lietotajām terapijas metodēm, Tādēļ īpaša vērība tiek pievērsta jaunu

āstniecības paņēmienu meklējurniern, ari organisma nespecifiskās imūnās aizsardzības

stimulēšanai.

Iespējamas divas pieejas imūno atbildi veicinošo savienojumu iegūšanai no

mikroorganismu šūnām, Pirmkārt, izmantot dabas doto mikroorganismu vielmaiņas

produktu daudzveidību un meklēt starp to šūnu komponentiem savienojumus. kuri

spētu izraisīt dzīvnieku un cilveka organisma imūnās rezistences spēju palielināšanu,

stimulēt noteiktus imūnās atbildes veidošanas posmus. Otrkārt, izmantojot

molekulārās klonēšanas metodes. veidot jaunus mikroorganisrnu-producentu celmus.

kas nes hibrīdus gēnus un spēj sintezēr šiem gēniem specifiskos proteinus, ari

irnūnmodulatorus.



Tradicionālie mikrobioloģiskās sintēzes potenciāla izmantošanas virzieni ir saistīti ar

spirtu, organisko skābju, aminoskābju, antibiotiku un fermentu iegūšanu. Uz šis

daudzveidības fona salīdzinoši retāki ir mēģinājumi izmantot mikroorganismu

vielmaiņas produktus imūnās atbildes veicināšanai. No mikroorganismu izcelsmes

imūnstimulātoriem plašāko pielietojumu ir atraduši šūnu apvalki vai to komponenti

(zimozāns, properrnils, murarnilpeptīdu preparāti, LPS). Praksē tiek lietotas ari

ne:frakcionētas nonāvētu mikroorganismu šūnu suspensijas (BCG, pirogenāls).

Klasiskās mikroorganismu celmu-producentu selekcijas metodes pēdējos 20 gados

būtiski papildinājušas iespējas, kuras sniedz genu inženierija. Ar tās metodēm

konstruēti daudzi jauni celmi, kuri spēj producēt imūnās atbildes veidošanos

regulējošas molekulas: limfokīnus, interferonus u.c. Lai efektīvi izmanto ru

rekombinantos mikroorganismu celmus, neciešams kompleksi izzināt genu aktivitātes

regulācijas elementus, kuri ietver kā molekulāri ģenētiskos, tā ari fizioloģiskos

faktorus.

Darba mērķis bija noskaidrot dažādu pieeju efektivitāti imūnmodulatorus sintezējošu

mikroorganismu celmu iegūšanai, apzināt faktorus, kuri ietekme produkcijas

efektivitāti, un pētīt plazmīdās klonēto genu regulācijas mehānismu.

Mērķa sasniegšanai tika analizēti dažādi fizioloģiski aktīvu savienojumu

mikrobioloģiskās ieguves aspekti, gan strādājot ar dabiskos imūnstimulatorus

ražojošajām kultūrām, gan klonējot cilveka imūno atbildi regulējošo proteīnu gēnus

un pētot rekombinantu gēnu ekspresijas regulēšanu.

Uzdevumi:

1. Izveidot iespējama dabiskā imūnstimulatora, fermenta adenilātdezamināzes

(ADA), sintezējošus mikroorganismu celmus .

.., Izpētīt ADA īpašības, tās imūnstimulējošās iedarbības spektru un rnehānismu,

iegūtā preparāta pielietošanas perspektīvas.

3. Iegūt baktēriju celmus. kas plazmīdu vai vīrusu sastāvā replicē cilveka imūnās

sistēmas aktivitāti regulējošus gēnus.

4. Izpētīt faktorus. kuri noteic rekombinantās plazmīdas saturošo baktēriju celmu

stabilitāti.

5. Noskaidrot DNS topoloģijas īpatnību lomu rekombinanro plazmīdu genoma

funkciju regulēšanā.
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ill Galveno rezultātu kopsavilkums

Adenilātdezamināzi producējošo celmu iegūšana, fermenta un producenta

īpašību Izpēte,

Adenozīna atvasinājumus dezaminējošos fermentus producējošo mikroorganismu

meklējurni tika uzsākti, lai veidotu enzimoterapijas metodi ar adenozīndezamināzes

deficītu saistītajam cilvēka kompleksajam iedzimtā imūndeficīta sindromam.

Pārbaudot vairākus simtus dažādu sistemātisko grupu mikroorganismu klonus, kuri

tika izolēti no augsnes uz sintētiskām barotnēm, kas kā vienīgo slāpekļa avotu saturēja

adenozīnu, tika atrasts Penicillium lanoso-viride 8 celms. Šī celma klons 8D, augot

uz vienkāršas kliju barotnes, producē 40 - 50 ru (starptautiskās fermenta aktivitātes

vienības) nespecifiskās adenozīnaminohidrolāzes jeb adenilātdezamināzes (E.C.

3.5.4.6) uz gramu substrāta, tādējādi 3 - 5 reizes pārsniedzot patentu literatūrā iepriekš

aprakstīto celmu aktivitāti, Celma īpašības aprakstītas PSRS autorapliecībā N',

782392, tas deponēts Vissavienības Antibiotiku zinātniskās pētniecības institūta

Mikroorganismu kultūru kolekcijā. Uz PSRS autorapliecības pamata izsniegts

Latvijas Republikas patents Nr. 5056. Ferments uzkrājas sēnes rnicēlijā noteiktā

augšanas fāzē, sākot diferencēties konīdijsporas veidojošajām šūnām. Ar ev-
mutaģenēzes palīdzību tika iegūts Penicillium lanoso-viride 8D atvasinājums 8B, kurš

producē līdz 90 ru fermenta uz gramu substrāta, un kura nepigmentētās konīdijsporas

ir praktiski netoksiskas laboratorijas dzīvniekiem. Šis celms aprakstīts PSRS

autorapliecībā N. 14999919.

Penicillium lanoso-viride adenilātdezamināze (ADA) tika izdalīta no sēnes micēlija,

un tika raksturotas tās īpašības (PeBe.IIHIDlet aI. 1981). Ferments ir giikoproteīns. kura

nativās formas molekulmasa ir apm. 210 - 230 kd, bet SDS-poliakrilamīda gēlā tas

veido zonu, kura atbilst 58 kd masai. 22 - 25 % no fermenta masas veido polisaharīdi.

Konīdiju veidojošo sēņu micēlijā tas ir vislielākajā koncentrācijā atrodamais

glikoproteīns, tādēļ vairākās publikācijās tas tiek dēvēts par Pilanoso-viride

glikoproteīnu A (GPA). Reakcijas ātruma samazināšanās kārtībā ferments dezarninē:

AMP. ADP, ATP, adenozinu, NAD. dATP, dezoksiadenozinu, NADF un 2",3'AMP.

K~I'\MP= 7.4xlO-J M. Optimālais pH ir 6.0=0.3. r' = 37°C, sāls koncenrrācija - O.O,,ļ -

0.10 M NaCl.
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Tika izstrādātas ADA attīrīšanas metodes, izmantojot adsorbciju uz siluhroma,

selektīvu precipitāciju ar po1ianjoniem, kā ari sorbcijas un jonu apmaiņas

hrornatogrāfijas kombināciju. Par šim ADA attīrīšanas metodēm tika iegūtas PSRS

autorap1iecības N. 942429, Nr. 999598, N.1082011. Pēdējai atbilst LR patents Nr.

5059.

ADA stabi1itāte attīrītu preparātu veidā, ari augstā īpatnējā aktivitāte imobilizētā

Penicillium micēlijā dod iespēju izmantot fermentu inozīna un tā atvasinājumu

iegūšanai (autorapliecība N. 764385), kuri var būt noderīgi gan farrnakoloģijā (piem.,

riboksīns), gan kā garšas piedevas (piektā veida jeb "gaļas garša") pārtikas ražošana .

Tika parādītas ari iespējas izmantot ADA fermentu e1ektroda izveidošanai, lai

noteiktu adenozīna atvasinājumu koncentrāciju bioloģiskajos šķidrumos.

Adenilātdezamināzes imūnstimulējošo ipašibu izpēte

Attīrīti ADA preparāti (40 - 50 ill/ mg proteīna) izraisa kā humorālās, tā šūnu imūnās

atbildes reakciju aktivēšanu in vivo un in vitro testos. Konstatēts, ka ferments stimulē

3H-timidīna ies1ēgšanos limfocītos un limfocītu b1asttransformāciju par 30 - 50 %,

anti vielas producējošo šūnu skaitu liesā par 20 - 140 %, liesas un audzēja šūnu

adhēziju - 2 reizes (HHIWJIaeBa II Myāxaaexc 1985; Žak et al. 1986). F ennenta

ievadīšana kavēja ari vairāku eksperimentālo audzēju attīstību. In vitro par 25 - 50%

tika samazināta 14C-uraci1a ieslēgšanās nukleīnskābēs Ērliha ascīta un limfo1eikomas

L5178y šūnas (HlIlWJIaeBa II MYIDKIUleKc,1985), in vivo tika 1,5 - 3 reizes pai1dzināts

dzīves laiks pelēm ar transplantētu limfoleikomu L5178y, būtiski samazināta pret

ķimioterapiju rezistento metilholantrēninducēto fibrosarkomas šūnu līniju augšanas

intensitāte (Žak et ai. 1986, 1988). 1 - 3 ru ADA profilaktiska ievadīšana pelērn

izraisa spilgti izteiktu aizsardzību pret salmonellu, pseidomonu un gripas A vīrusa

infekcijām (Nikolajeva et aI, 1996). Eksperimentos, kur tika pētīta ADA

imūnmodulējošā iedarbība ill vivo, tika atrasts, ka pelērn optimālā fermenta doza ir 1 -

3 mg/kg ievadīšanas reize.

Pētot ADA iedarbības mehānismu, tika konstatēts, ka irnūnstimulējošās īpašibas

vienādā mērā piemīt ka natīvam ferrnentam, ta termiski denarurēram, enzimātisko

aktivitāti zaudējušam glikoproteīnam. Pec palielinātas, 25 Il.l.kg, ADA dozas

parenterālas ievadīšanas pelērn novērojama apm. 12 stundas ilga neitrofīlā
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leikocitoze, kuras laikā stabiņkodolainie neitrofī1i sasniedz apm. 30 % no kopējā

leikocītu skaita (Kaapanse et al., 1989). Līdzīgas asins šūnu sastāva izmaiņas un

akūtās fāzes reakcijai raksturīgu proteīnu (ceruloplazrnīna, sērurna amiloīda proteīna

priekšteča) parādīšanās asins serumā tika novērota ari eksperimentos ar žurkām,

trušiem un aitām, pie tam, rēķinot uz dzīvnieka masu, bioloģiski efektīvā ADA doza

strauji samazinās. ADA ievadīšana trušiem izraisa izteiktu pirogēno efektu, kas nav

saistīts ar baktēriju LPS piesārņojumu, jo netiek samazināts pēc fermenta preparāta

attīrīšanas ar "Detoksigela" (polimiksīna) hrornatogrāfijas palīdzību. ADA

bioloģiskās aktivitātes pētījumi imūnsupresētos dzīvniekos, un ADA spēja izraisīt

noturīgu 5' -nukleotidāzes aktivitātes samazināšanos inducētos peritoneālos

makrofāgos liecina, ka fermenta preparāta imūnstirnulējošās darbības mehanisms

vismaz daļēji ir saistīts ar makrofāgu aktivēšanu (Nikolajeva et al, 1996).

Imūnstimulējošo īpašību saglabāšanās pēc ADA termiskās apstrādes norāda uz to, ka

par glikoproteīna bioloģisko aktivitāti, līdzīgi lektīniem, ir atbildīga tā polisaharīda

dala. Termodenaturēta ADA stabili un ilgstoši saglabā imūnstimuiējošās īpašības.

Termisko apstrādi var izmantot kā papildus etapu tieši irnūnmodulācijai paredzētu

preparātu iegūšanai (autorapliecība N. 1218679).

Plašāki ADA producējošo Penicillium celmu bioķīmisko īpašību pētījumi parādīja, ka

tie sintezē ari daudzveidīgu hidrolītisko fermentu kompleksu - celulāzes, amilāzes,

pektināzes, macerāzes. Pateicoties daudzveidīgajai fermentu aktivitātei, šie celmi labi

aug uz dažādiem celulozi saturošiem lauksairnniecības atkriturnproduktiem, no

kuriem tādējādi ar mikrobioloģiskās transformācijas palīdzību var iegūt ar proteīnu un

biostimulatoriem bagātinātas lopbarības piedevas (autorapliecība Nr. 1064500).

Penicillium celmu celulolītisko un hidrolītisko fermentu kompleksu iespējams

izmantot ari augu šunu protoplastu iegūšanai.

Cilveka genu bibliotekas iegūšana un limfokīnu genu klonēšana

Izmantojot /...-Charon4A fāgu vektorsistēmu un fāgu in vitro reasociāciju, iegūta

reprezentatīvas cilvēka leikocītu DNS genoma bibliotēkas, kuras ar molekulārās

hibridizācijas metožu palidzibu tika atrasti vīrusu kloni, kas satur c-interferonu,

interleikīna-Z un imunoglobulīnu smagas ķēdes konstantas daļas gēnus, Interferonu un
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inter1eikīna-2 gēni tālāk pārklonēti plazmīdu vektoros un sekvenēta kā to kodējošā

dala, tā ari 5' -regulatorie rajoni (5IHKeBHUet al., 1989).

Parādīts, ka, genoma bibliotēku amplificējot, A-fāgu klonu struktūra un reprezentācija

populācijā strauji mainās. Tādēļ, lai nezaudētu klonu pārstāvniecību bibliotēkā,

vēlams to saglabāt attīrītu in vitro agregācijas ekstraktu veidā. Strādājot pie liela

skaita fāgu klonu DNS raksturošanas, bija nepieciešams izstrādāt ātru un vienkāršu

metodi šis DNS iegūšanai (skat. autorapliecību Nr. 1277748)

Pārklonējot plazmīdās intronus nesaturošos cilveka «J-interferonu hromosomālos

gēnus, tika iegūti Escherichia coli celmi, kuri ekspresē rekombinanto G un D

interferonu.

Parādīts, ka baktērijās, kas satur cilveka aI-G interferona genu nesošas plazmīdas, tiek

sintezēts N-galā saīsināts interferona proteīns. Šajā gadījumā notiek translācijas

iniciācija no interferona iekšgēna SD-analogas sekvences. Rekombinantā proteīna

efektīvu sintēzi sekmē apm. 300 b.p. gara fragmenta delēcija no vektorplazrnīdas

struktūra esoša tet-gēna rajona, kas atrodas 3' virziena aiz INF-aI-G gēna kcdējošās

daļas. Pētījumi, izmantojot baktēriju rru: celmu mutantus, parādīja, ka šī biosintēzes

aktivēšana nav saistīta ar retroregulācijai līdzīgām parādībām. Lai panāktu pilnvērtiga

interferona proteīna sintēzi, ar virzītās mutaģenēzes palīdzību iegūti gēna varianti, kur

likvidēts baktērijās izmantotais iekšgēna SD saits. Poliakrilamīda gela elektroforēzē

parādīts, ka šada gēna ekspresijas rezultātā baktērijas uzkrāj par saīsināto interferona

variantu garāku proteinu, kura identitāti un fizioloģisko aktivitāti paredzēts

noskaidrot.

Rekombinanto plazmīdu replikācijas un struktūras stabllitātes izpēte

Pārklonējot genoma DNS fragmentus plazmīdu vektoros, novērojama ar heterologās

DNS fragmentu īpašībām saistīta selektivitāte. Baktēriju šūnas netiek akceptēti D~S

apgriezt ie atkārtojumi, kas samērā bieži atrodami genoma regulatorajos rajonos.

stabilitāti strauj i zaudē rekombinantos proteīnus aktivi sintezējošie kloni, notiek

klonējamās DNS struktūras izmaiņas, inserciju elementu integrācijas rezultātā.

Replikācijas un struktūras nestabilirāte ir viens no faktoriem, kas kavē vai reizērn par

padara neiespējamu ar genu inženierijas rnetodērn konsrruēto plazrnidu un

rekombinanto celmu praktisko izmantošanu.
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Skaidrojot no plazmidas replikona un saimniekšūnas genoma atkarīgos faktorus, kuri

ir atbildīgi par klonēto gēnu ekspresijas efektivitāti, par modeļsistēmu izmantotas

pBR grupas vektorplazmīdas, kas nes ampicilīna un tetraciklīna rezistences gēnus ibla

un tet), kā arī pUC plazmīdās klonēts baktēriju cc-galaktozidāzes gēns (raJA). Parādīts,

ka rekombinanto molekulu replikācijas un struktūras stabilitāti kompleksi regulē no

klonēto gēnu ekspresijas un saimniekšūnas rekombinācijas/replikācijas sistēmu

darbības atkarīgie faktori. Viens no nozīmīgākajiem faktoriem, kas izraisa

rekombinantu nestabilitāti, ir ar producējamā proteīna sintēzi saistītā papildus

metaboliskā slodze vai ari šī proteīna īpašības, visbiežāk tendence integrēties

membrānu sastāvā, kas var izraisīt saimniekšūnas dalīšanās traucējumus. Tā rezultātā

novērojamas integrālas izmaiņas producējošo šūnu un koloniju morfoloģijā

(Manouixosa H Myāxrraexc 1985). Vektorplazmīdu sastāvā šāds metaboliski

toksiskais elements ir tet gēna proteīns. Bez tam plazmīdu gēni tiek vāji ekspresēti

baktēriju kultūras augšanas cikla sākumā un logaritmiskās augšanas fāzes pirmajā

pusē, kas populācijā sekmē bezplazmīdu šūnu segregāciju.

Baktēriju šūnas inaktivē nekontrolēti efektīvi ekspresējamos gēnus ar inserciju

mutaģenēzes palīdzību. Sekvenētas IS 1 elementa in vivo integrācijas vietas, kuras

izraisa tet-gēna inaktivēšanu un plazmīdu replikācijas stabilitātes palielināšanos. 15

neatkarīgi iegūtos pBR322 IS 1 atvasinājurnos konstatēts, ka IS 1 orientācijā 1

integrējas aiz 199. nukleotīda, bet orientācijā II - aiz 47. nukleotīda plazmīdas

sekvencē. pBR327 struktūra IS 1 orientācijā I integrējas aiz 34. nukleotīda (5

neatkarigi izolāti), bet orientācijā Il - aiz 31. nukleotīda (3 neatkarīgi izolāti). pBR3l3

sastāvā 12 gadījumos atrasta ISl integrācija tikai orientācijā laiz 247. nukleotīda.

Visiem pBR322 inserciju atvasinājumiem, salīdzinot ar sākotnējo plazmīdu.

rak.sturīgs palielināts kopiju skaits, t.i. - paaugstināta RNAII promotera aktivitāte. tet

gēna struktūra visas minētajās plazmīdās ir identiska. Tādēļ jāsecina, ka spilgti

izteikto inserciju saita specifiskumu šajā gēnā dažādās plazmīdās nosaka nevis D?\S

sekvences elementi, bet gan citi, visdrīzāk ar replikona topoloģiju saistīti faktori.

Gēnu ekspresijas efektivitāti un nelikumīgās rekornbinācijas specifiskurnu var

ietekmēt artālas, replikona telpisko struktūru veidojošas nukleotīdu secibas.

piernērarn, statiski saliekti DNS segmenti. Konstruētas modcļplazmidas, kuras dod

iespēju pētit replikona topoloģijas ietekmi uz gēnu ekspresiju un transkripciju.
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No saimniekšūnas genotipa faktoriem, kuri nosaka rekombinanto plazrnīdu

replikācijas efektivitāti, pirmām kārtām ir minama recA atkarīgā rekombinācijas

sistēma. recA+ celmos daudz efektīvāk nekā recA šūnas novērojama plazrnīdu

dimerizācija, kura strauji samazina to replikācijas stabilitāti. Izmantojot novērojumus

par celma genotipa ietekmi un baktēriju kultūras augšanas fāzes nozimi plazrnīdu

replikācijas efektivitātes nodrošināšanai, izstrādātas vienkāršas un efektīvas metodes

plazmīdu DNS attīrīšanai (autorapliecība N'. 1124033).

Plazmīdu gēnu ekspresijas regulācijas pētījumi

Rekombinanto plazmīdu replikācijas un struktūras stabilitātes pētījumi parādija, ka

klonēto genu efektīvai ekspresijai nepieciešams izmantot labi regulējamus baktēriju

genu regulācijas elementus, promoterus, kuri varētu bloķēt kontrolējamo genu

transkripciju normālos augšanas apstākļos, tādējādi saglabājot konstruētā klona

stabilitāti. Ka šada regulējama promotera modelis izvēlēts baktēriju ra.foperona

promoters PrafA.

Raksturotas DNS un transkripciju regulējošo proteīnu mijiedarbības PrafA sastāvā.

Izstrādātas metodes RafR (represora) proteīna attīrīšanai un parādīts, ka šis proteīns

saista divas operatora sekvences abpus promotera -35 secības, tādējādi nodrošinot loti

efektīvu gēna represijas līmeni (Aslanidis et al. 1990). Promtera aktīvā darbības forma

ir dimērs, taču augstas Iokālās koncentrācijas apstākļos, tas spēj veidot arī tetrarnērus

kas norāda uz sarežģītu DNS-proteīnu telpisko kompleksu veidošanas iespējām

(Jaenicke et al. 1990). Ar virzītās mutaģenēzes palīdzību selektīvi inaktivēti viens vai

otrs rajA gēna operators, parādīta to loma gēna kontroles procesā, parādītas prornotera

iespējas citu, modeļgēnu ekspresijas regulēšanai (Muiznieks and Schmitt 1994).

Parādīts, ka gan CAP, gan RafR proteini. piesaistoties pie savam rnērķsekvencērn.

satiec DNS apm. 900 Ienķī, taču liekšanas virzieni ir pretēji. RafR proteīns liec DNS

"projām no sevis". DNS mutācijas, kas nemaina CAP afinitāti, bet kavē ta spēju

saliekt DNS. apm. 3 reizes samazina CAP-atkarīgo promotera akrivācijas efektu.

Parādīts, ka PrafA promoters satur papildus regulatoro elementu. kas sakrīt ar 01

rajonu. bet kuram ir pat lielāka nozime neka -35 sekvencei promotera bazālās (CAP-

nestimulētās) aktivitātes noteikšanai.
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Parādīts, ka bez tiešām proteīnu-DNS mijiedarbībām promoteru aktivitāti būtiski

ietekmē DNS topoloģijas īpatnības. Nelielas novirzes DNS topoloģijā, kuras izraisa

citidīna atlikumu metilēšana promotera sekvencē, nemaina proteīnu saistīšanās

efektivitāti, bet modificē kopējo transkripcijas kompleksa telpisko uzbūvi un

samazina promotera aktivitāti (Muiznieks and Doerf1er 1994, NAR). Molekulas

telpiskās struktūras un proteīnu saistības spēju izmaiņas DNS modifikācijas rezultātā

darbojas kooperatīvi, atkarībā no promotera struktūras un reportiergēna dabas

regulējot transkripcijas efektivitāti (Muiznieks and Doerf1er 1994 FEBS).

Tādējādi parādīts, ka līdztekus tiešārn, nukleotīdu sekvences noteiktām, proteīnu un

DNS mijiedarbībām gēnu ekspresiju ietekmē arī promotera un replikona telpiskā

struktūra.

IV Secinājumi

Darba rezultāti parāda kā klasisko selekcijas metožu, tā arī gēnu inženierijas

izmantošanas produktivitāti imūnās sistēmas atbildi veicinošu mikroorganismu celmu

iegūšanā.

Ar selekcijas metodēm iegūtie celmi raksturojami ar relatīvi stabilu imūnmodulējošo

savienojumu sintēzi, taču nepieciešams liels darbs, lai iegūtu adekvātu priekšstatu par

šo savienojumu struktūru, darbības mehānismu un pielietošanas perspektīvām. Mūsu

gadījumā no Penicillium iegūstamās ADA imūnstimulējošās iedarbības mehanisms

izrādījās pavisam citāds nekā sākotnēji paredzētais. Tas ir saistīts ar fermenta

glikoproteīna struktūru, nevis ar tā enzimātisko aktivitāti.

Ar gēnu inženierijas rnetodērn tiek k1onēti lielākoties cilvēka imūno atbildi regulējošo

proteīnu gēni, kuru produktiem ir relatīvi labi zināms iedarbības fizioloģiskais un

molekulārais mehānisms. Šajā gadījumā jāsaskaras ar problērnām, kuras izraisa

rekombinanto celmu nestabilitāte un gēnu ekspresijas efektivitātes regulēšana. Mūsu

darbā tika parādīta kompleksa rekombinantā genoma un sairnniekšūnas mijiedarbība,

kā ari DNS topoloģisko īpatnību loma klonēto gēnu saglabāšanas un ekspresijas

procesā.

1. No Latvijas augsnes izdalīti. selekcionēti un raksturoti Penicillium gints

mikroskopisko sēņu celmi, kuri uzkrāj glikoproteīnu kompleksu ar

adenilātdezamināzes enzimātisko aktivitāti (ADA) un plaša spektra

irnūnstirnulatora īpašībām. Izpētitn producenta fizioloģija. izstrādātas ADA
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attīrīšanas metodes, parādītas ADA lietošanas iespējas hipoksantīna atvasinājumu

iegūšanai.

2. Parādīts, ka adenilātdezamināze ir plaša iedarbības spektra irnūnrnodulators, kas

veicina imūnās atbildes humorālā un šūnu komponentu aktivitāti. Tās iedarbības

mehanisms ir saistits ar makrofāgu un akūtas fāzes reakciju stimulēšanu. Preparātu

var efektīvi lietot baktēriju un vīrusu infekciju profilaksei. Izmantojot ADA

producējošo celmu hidrolītisko fermentu kompleksa aktivitāti, izstrādātas metodes

ar fizioloģiski aktīvām vielām bagātinātu lopbarības piedevu iegūšanai.

3. Iegūtas cilvēka gēnu bibliotēkas un klonēti imūno atbildi regulējošo proteīnu a-

interferonu, interleikīna-2 un imunoglobulīnu konstantas daļas gēni, pētīta to

kodējošās un regulējošās daļas struktūra.

4. Noskaidrots, ka rekombinanto plazrnīdu replikācijas stabilitāti nosaka klonēto

proteīnu izraisītā metaboliskā slodze, plazmīdu molekulu dimerizācija rec/s:

baktēriju celmos, sairnniekšūnu ģenētiskais fons un plazrnīdu gēnu ekspresijas

nesabalansētība ar baktēriju kultūras augšanas ciklu.

5. K1onēto gēnu struktūras nestabilitāti baktēriju šūnas izraisa inserciju mutaģenēze,

kuras specifiskumu ietekmē replikona topoloģiskās īpatnības. Iegūta plaša

replikāciju stabilizējošu vektorplazmīdu Iš-atvasinājumu kolekcija un raksturots

dažadu transpozonu insercijas specifiskums plazmīdu genoma. Parādīts, ka IS

elementu struktūrā atrodamo statiski lieko DNS segmentu novietojums plazmīdu

genoma ietekmē plazmīdu replikācijas stabilizēšanas efektu.

6. Izmantojot baktēriju rafoperona un adenovīrusa E2A gēna prornoterus,

noskaidrotas DNS regulatora elementu un proteīnu mijiedarbības likumsakarības.

kā ari topoloģisko īpatnību loma promotera aktivitātes regulēšanā, Raksturoras

represijas - aktivācijas mijiedarbības /"(!/A prornoterā un parāditas šī promotera

potenciālās iespējas heterologu gēnu ekspresijas regulēšanai baktēriju šūnas.
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r- TT -. ':''' 1""'\ .". --""1 r t 1" - -- .•••.••• -'1")" -rr ....'" r, rr r . --:,.. :,'_;:,',-:).::1.;:::. L!.._l _ ::..-_. ) ,.21. ŗ: >~.z..:.',"."..'_C.' '.' .~'~.'_,.\ ..r ••.~, L~"'"':"~~: ~_".:'"'._~.,.'"\-~- 1~ ~,'~,~-:_J ,c.~:.:.!_;.~,-.~·..._;..:...::.;:.,;",;,·~:-:',.,,;__i·~.":"':,,;:vo.! .•..c..-.. :-:':' ••...•.•. v _ . L __ • __ ...., L.J

1 •..• ;
\ "". (

ŗ. ŗ.--

r -{"""o -1'"\ _ •. ~ -.- - \

1. .i.~ • 10, .1."1: ,1.;)) •

3 p.eC?D.c::;eŗ:

W~ lanoso-viYidc.
:'!teTO)IHKS

:i r _•.' •.....r-. -
- ';:"'J '.J _ \...~

2;::·?~~>~·~::"~':~~·:2~.\·::"::28:I? 1[,~:~:J5ü - -l:.l"::.. ..-:.-::c ~·LeJIbajII 2~'~Tlli3HvCToE)

:so F.).:~:::L~ .:~:=) ES l. .\iJr C.~'3.."!I-:a. C:=-.j~a~ejIGf.J1e ,TI~3a~I2r-ia3HD~18I<rr·kiB-
r •- ....."

:'l~-,C'~'~.:~-:~:;:S~'':-~P'-:JCb no 8r:.z.C::~:i....n0.1~ 1t:3T'J.Tf~,~!~č ,,1 t t ,

}1.7ŗ.Q :'.IT;'f.r:e.r:eR7.:i1 M0J!e::y.11.spHoro seca m{TY~HOH ŗpap;:! cŗe~;MeHT8
TI~8?O,lli:'?I:~ x~;o:,;aTDrp2t;;;:J :~a KOol10HK8 (I, 5 x 20 CM) ceL - cetI;ap::J-
:3ot~ l~'3B D. I '1 ~,:ņp:n..-If~)~(T~3TH'.:'~.~o~'rIJQ~~~,rE G.,o. Cr:0;8~:::-::; ;).~:',;pc-
-n._r;".-:!~_•...•, .TJ~. "'.~-.",./~,,,_.,~c.'n_,. ,'·.'~_",'U_r-~_'.C':'B('!,'. ~_'r).".rT,ŗr::r:'n'_"":l·"~ŗŗ 1.tl' ~""."....,.. •.••·-'r.r) ro, -"""c •••• ·c, ....' •.~•.,·..,.r'-'rL)~1·_·::,.•_"· __ ••..•. - _ I ' •••• _ ..-.l. •.•. __ .•. __ r.:·...·;..iV.'l.,;...".>'v'~")..:. .•.~i..~ ,- ..:~c.:,;.l..j'j~....'.l;I.~

;:1'(5'; 8D.pe;:cJICH;!..q C~;CiC'I'P[ITlIOf!' cm~LmcrIŗqHQCTJ:: i1CrrOJI:b30EG,iIH cyn-
:::Trr:~i:-: F;;8:-r8~O;rrC~'=;l "ŗ~"'l,:lE[2.'lIf.rpa ;lJT-iemH::: Kll.iI(;TH'IAC:HllX CBC!iiCT.3

rcenaoar ')-;-retlT";'~Trr:>~""""HS3'-l ņ-r,'·Y-<['fDOB'-' 1 l. 'Ui "'U 3,-;:0, 0 -"'1:t- ·()l'U.L. 1.-_- ••.r.-,.c. ~'",)l •.,.,_. r. u.1. u -1 r.JH1 •.1), Ill-' ,lo< 3 ,1"
KD.1!rrt:-q'CC.ļ>;:THOM 6.'/t'fJepc~rH 6,0, o .rrOd'lEJICHlleM rE:3Jnfl-IWiX fC.1W{8CT5

\9
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JJ~~ (OT 2,5 no 25,0 },1l{M). I~.1onpeneaana rp~lfCIeC!\re" ~!.eTO.rro~B KO-

Op.rrnH8T8X OOr8TIlliX ne.mrqUH 1IE:hHy:aeps-EepcB (18). )1.Jrn. z3ytIeH.IDl M€XB-

HiI3M8 cpep}.ieHT8Till3HOM pCCKUIm llC:JOJIl,30D8Jlli rpa~lNeCKOC onpe.ao.neaae
38BftCIIMOCT~ Isllv OT /s/ (18).

Bnnaane Ha a,IIeHM8T,IIe38},1HH83HYIO EJKTHBHOCT:& I~BTI10HO:B B mure
XJIOrH,1IO:B onpenezana B 0,1 jl! KaJIlnr~DcepaTHOM 6ycpepe pH 6, 0, ,1Ieŗ;~"

cTBHe~epMeHTa rrpH pa3JIHqHllX 3Ha~eHRF.X rH - C npnMeH€IDleM 0,1 M
dy~epHUx paCTBOpoB: Kc~Jlli-Qoc~aTHoro(pR 5,0 - 8,0), UHTp8THoro
(pR 3,0 - 6,5), Tpnc - HCe (pR 7;0 - 9,0), 60rSTHoro (pH 7,5-9,2).

Pe3Y~TaT@ ~ nx o6cy~eHlle
YE.e B npouecce osacrsn dHJlll IIOJIY'tIeHHnpezraaparensaue ,r[8HfIl:~e

o BHCOKDM ~.;oJIe.KYJIRpHOļfnece ~epMeHTa, T. K. aKTI1Il.P.oci':b odHa~~'::umB-
JillB C~!~X faHF~x ~peK~x 8JlID8Ta C KOJIORKff C ce~2~eRCo~r-200
(16). YCTaHOBJI8HEm.i1 MeTo,nOM KOJIOHOllliO:rr xpoaarorpačaa C EpmAeHeRlh3M

CL - C8qJEiP030l 4B l1O.lIeI\YJIHpmllilBoc O!W32JICH PSB.!lliM 210 THc ••,U
(pzc.I). tITO cpaB~1110 c MOJIeKy~pHN~ BeCOM, onfe,IIe~eH~M ~ 8Ae-
H03J1H)le3BM.llHa3H Aapergiiius -"ory·žae B ne,zwccou;IDp:::rsannOM
COCTO.8:HZH - 217 THc.Jl (15). - .

Cy6cTpaTuyro CneUllWlitIHOCT~ a~eHRRaT~e3aMHHa3H r.poBepHAllno
OTHOllie~ K 14 cyOcTpaT8M (Ts6JI.1).

A,nesan:8T,IIe321UIH838 . P~l~noso':'vir{de'- rartxe xax H J!pyrue
n3BeCTHHe 8.rr8a03I1H- H a,IIe~aT~e3a~illija3H rpHOOB (II,I4) aK~lruRo
,TI.e38~t1,R.k!pyeT G;neHIDIOBhle HYKJIeOT~ ~1· 8,IIeR03llH, MeHee aKTill3HO - Y.LX

nescscapačoaonpoaaaonnue ,HA,U H HA.n:c~, HO T8ue KaR a.neH03UH.nJ~s2-
. - - --

MllH238 A .oryzae He ,II8saMIffi.HpyeT aneann H noaaaneaanonyc
KnC~OTY (14).ne3a~nHZpOBaHRe 8.neH03KRa npOHCXo,IIMT B 3 pa38 6~c-
rpeo t 'IeM .rre38M.llHllpOBaliHe neaoxcaaneaoarna. K'It ,IIJIR ,IIe38MlliUljJOB8-

Hfl.H .Al'iJl COCTBBJI.?·eT? ,4. ro-3M (pI1c.2). "TIpu xoauesrpeuasx, npesana-
ID~iX ro MKM, Ha6~~eTCR RHr~6llfOB8RHe H30~TKOM.cy6cTp~Ta. Orrpe-
.zreJIeHH8R Ha.\1H KM I1l'llMepHO Ha nOp.RJIOR .BU!!Ie, tIeM Y a,n:eH031lli,lIe3DM.1:-

H23 --A·.o·ryzae-- (13) Ii, :J trēj)"t·omyce-aet.lreāf8cler.s- (8)~ H Ha ,IIE8

nopR,II!W BhI11Ie, 'IeM Y r'1~roep~n;;lI.udouln1 (II) .32E~CZ.VOC'l'b
-- [CJf;-;- ·OT KOHueHTpauIUl cyccrpera , n03-BClJ!.fUJl1laJl PS3Jllru3'ŗ:b M8X8-
HJI3~JI,BRJIJO'ti8murt1:očpaa osaaae rpoāaoro KOYII.JIeKCa,OT ),1exaRiI3~ac
38MemeBH8M <ļJ8p!1eHTa B)18YXCYOCTPSTHHX - ,II:EYXIlPO.nyI-:T8IlX pe~KUWlX,

~BR BHnRO n3 pHc.3, ~o~eT CBaneTe~CTBOBaT~ B fiO.~3Y RORRYpeHT-
Bora- xapaxrepa RHrFlOZpOBaIUUla, CJIe.IIOBa,T6Jll>RO~ nOJllU{BeH.JJJi peaKtļJlH

20



- 94 -

s

J

Ji
~~

.L~-- . ._a ----
-J() .tk .J'0 V (j.'-J.)

Pzc ~1. Onpe.aeze E1IC MCJlt.~\yJjfl.i-iHOrO seca a,ueŗr...li.JlaT.ue3ill,~;~hr.8ij

XpOM~TorpL~~enHa K~~Gp.Ke c CL-ce~ap030~4E
I-Tl-ipeorJlocy:::~~r;2-~eppz.'l'uH;3-Ka1'BJ1a3a;4-a.U6H?JlaT~€ 2D.i.fr',-

Ha3a;5-reMor~odKH. .1.
v

I0,3 1
j
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ey cc Tp 9TH as e rreu;rņW:H De '1'1> [l,II CH~:JIflT.rre·3':::.1:CE33E

P.l~!"'o~o-vjTi~f'
-----~---~-'----,-----~---_......---------.,..,----------
CydCT_iJ8Tb! ':1';3;\:~IHa3H2.fl 8ETI:3r:OCT:S- --r--

'Tļ . c: ;.:i',U:j !,:";1 iJ ....---------------~----- ------.,.,------,----------41~?.."I 7?CJ IOLJ~ H_

Allŗ) 751 95
AT0 695 cr
P,llCH03EP. 656 23
U''-- 395 -nLLP.,1.\ :::>u

,llC8C'I:CH p,:.!) 211 r;r;
'" '

.ne3 ozcn a,:CH8 3TIH 205
•••.•• /"'0,.,;c

E_4J15 13,; ...:..,

2' 3'- u ~r_'n III ~ ., .•'"lJ"._ ~/..::

I-IA,iI\7.i • Hf) 0 eJ
'"A,neHHH 0 r.

\..

Il o.';m 8,E.e r-mJI DE E:F. rüICJIOT8 0 n
U

I7J'2 , 0 0
l~l'..~;;) 0 0I••• ••..a..

-'----_.-------~-------------------,---~-"-""--'----------------

,rr.e38MKHJ1]0:ī32::IIP. MS) 1.:e:cc.;!~}I3!,;Y ,c 3f~~,;~iu~r-:..i}e~,1e~.9W::{T2.
A!Ien1:.'!L~.rre3a."f,m!332 P .lan("s("-viride. Re 'I'PC6Y8':'

"'TB'.l9. )lli'-''""YI3ue'~'''' T'o(fY'rr"'O'-'OB ~TO CBoi!CT130 OT:"1e-qCE:) .2 y r7I:,yrr~v ~.. . c: .....~.J. ..J -> ••.~ .10 _, c .•..•.• .1..-" .• ;;,-. _ __

;ne3S};;::'t{23 (2). {'loru..: L1+, Ea.c;.+, C5~-:-, y.:+ :B Ko~:,~eH'1'ral;:,m ,~. ~_::.1He

BJH1.HIOTHa ,TIf 2 8~,r:J1Ŗ8::3H.Ylo.. 5.ETill3P_O CT:b ŗIJe_p~~_eHTa, O,J:Ili3Y.D ŗH,IT. E:8? DB , .
.-< 1'" '2... 2+ 2+ -' ',.<

OCDu8HHO 1.1-' t Cu 1, Zn ,F~,~ OK83SBseT llRr~l}I!ŗY!JT.:.:eE:

.ue:tiCTBue (T[;OJI. 2). I,rDP.u-c.:~~TK8(JTDpH He OHJm aaānena .
Ha pac L1 "30'-<""""'lcr''l '::00::ar.rCI?I~OCm"C. ·8umTT::lH ••••crn ~'l1'eEr.r-~'7'T'"E? ..•'1n-

Jo .Xl. _~.L. U..t"'CJ&\ ~1l. ""-"U .•.• '.1..:.. ..JJ "'\4~ •• v ..l'''' •..•••v.. _W.!.C_...- ,-",U.~.i.i

HB3El OT KOHueHTpaU,HI1 . !;aCl B _peaI-:up.oHHD1 c:,'lecu, 3HAf~O,_ '::TO

OT1\J!OHe.nne ~.'iO.r..sPHOCT1r OT OIITlll18.7Th.E:i0i1 0,04. - o.ro T,I 1faCI ~3E; ••

naeT CH~eHfle 8KTHBHOCTll Wepv.eHTa.
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TadJlliU8 2

BJI.llF.lHMe KBT.BOHOB Ha 8KTlll:lHOCTb a,IIetiliJIaT,nC3aM!m,~3U

P.le.noso-vir1ce

-KaTI:I 0 Hbl (4MM) ~~il~cT~e38MilH~R 8!CTID3P.OCT:5...-...--"-----*
~Ii~·~r B 'ef-- e _.--..J

780 100
1.1+ 780 100 .
Ba2+ 780 100
Ca 2+ 780 100
K+ 780 100

+ 741 95!-Ja
, CrJ+ 710 0'"~'.l
l' 2+ 702 90 '-s

, 1'12+ : 664 88
+:mI~ 644 80

. +
608 78' Jtn

Co2+ 60B' 78 '
Fe2+ 481 63
z 2+ 296 38n2+
Cu 296 38

'AIJ+ r01 '13

*, 3a 100% rrpHHRT8 8KTRBHOCTb B O~I M Ka~~oc~aTHoM dy~epef
pH 6,0.

Bee H3BeCTRble .nCS8MHHa311 npoR3Bo,1IHEJX aneaaua .IIMelDT OITTID.IYM .

8I{THBHOCTll npa ~3ROJIOrl'fqec;m HOPMa..Th~X 3HDl1.eHRRX pR, 6Jrn3:KY!X '
1\ aeMTpaJIbHI:U1 - 06hltmQ B npe,1Ir.JI~x~-?-JO .Il.9.--.?,5(2), 38 BCI\JI!(Jq€-

ffil8M .A,U<1? - ,ne38MHH8S rpH60B pozra Aspergillus "RMelOUmx OTIT.ll11Y!fl.

PR OKOJIO 3,4 (II). ne38MHH8sa-p .-iano;~~1ŗide --_~i, . 'coxpaaser ax-
TJffinOCTbB HHTepBB~e pR 3-9. a MBRCRM8nbHYn aKTRBHOCTb.np~eT+ . ,,',np~ rR 6,0 - 0,3 (pBc.5). '

, Pa60TY c 8.nsmuraT,lIe38M.HB830'« 'p:laĪios~v1rfd~t "--;.l o6J!enaeT'
ee OTHOCHTe~n8R CTB6HRLHOCTb npH 'no~eHHoATeMllepaTipe (TĢd~.3).
3Ha~li('I'eJThRM HR8RTIm8nM aBcTyna:eT npa mt,nep;mBaIDm iPep14eHT8, npn
TeMJ1epaTyp8 40°,c H asme , "TewepSTYPRWt:onTmfY34 'Ra~~e~itoro '.
,ne1tCTBM <pepMeHTB pasen 37° ± 30e (pJlo.6)' •. ~TO' OJIJl3EO 's .oxrr~
.., . ...• , : ' ..,

"

24
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--
3 Jt E , 7 t 10 ~

"BJH1RHHe p H sa aRTv.EHOCTb a.n,eHH.'IaT,n;e3811.v.H.12U

P.lanoso-vi'ride
Ka..'1ID1-~OC~aTiili~ 6y~ep

D 6 ~• ~WiTpaTHhlli yqJep
~ TiP~~-HCI 6ytļ1ep

6opaTHhIIi1 6yq,ep

a
•
A
o

I» w c
PWic.8. ·mmmt118 TeMnepa~ }lHRy6~~OHHoi\ CMGCH Ha aKTHBHOCTb

B..!'emmaTJl.eSlU4HH83h1 I'.1a.noeo-virlde

25
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Hl.ü1 '}'mni8r8'l'y;>ml ,rre3E1.\H1HD3 ,n:pyrl1x rpI160B (12.19).

l'e~~~lOCTaOli.1ThHO CT.I> un 6H1l7I8T,lle 3 8M~ma 3U

?.lanoso-viride UpI pH 6,0

-------------------------~---------~---------
Te.\me;5Typa, . BpeYlH BH)Ieptm- ~lli.~1Z~38Mg~!lf2....f5!5~QSTh _
_~Q . BSH!..tŗ!__ . LI!U-~ ._~_:_ _

+ 2 7 ,IUle~t 790 lOG
2 MeCRua 72'7 92

+18 2 )IR}1

6 ,1IHen

+40 3D ~.mH.
60 MITH.

+6r; 5 MITR.ro ML!H.

727
16

92
2

72'7
55

24
o

7

3
o

-----------.---------------------._--------'---
* 38 rom; el)i1HRT8 8KTn~H:)CT:h C!j[l3JT nOCJIe :BhI)IeJI8HIDl H OlilW'J'l·:n.

BHBO,IUoi

A,rreHlDI2T,ITe38Mflll838 F.j8no8o-v~r1de (I@.3.5.'ļ.6) ,lIC3f.l-

~:lIJRnpyeT B YO~lB8fOlUeli C.hOPOCT~ peazunn 5' - l0J5, 5'-A;l0, 5'-AT'ļ),
B)10H03!1H, HAiI, .rre30I{Cn AM~', .rre30Ficxre,rreH0311H, HA,110.il 2' ,3'-uA1iRJ•

K 5' A' ',r-., ~ ,.., 4 ro-3r * ~.f. u •••.\~ ,1IJIFl -HJ '.d 1,aBHneTCH (,. La. L'I~JH~hYJUipHl:nI.BeC cpeŗ)M8H'ŗ8 -

210 TEC.n. ?nrn6HTopaMH 8ETUEBOCTn a;reRJtJIElT,rre38:JflH23H RD.1IH}JTC.R

1\13+ , Cu2+-,: Zn2+ ,_Fe2+. .I.fcu':cm,!D.7ThH8R 8R'l'U13ROCT1> rrpOHBJIF.eT-

CR E E8JIvJt-{ļjocmDTHO"1 6Y<ļlepe r.pa pR 6,0':!: 0,3, TeJ,mep8,:,y!)e ::370C }l.

I\()RueRTpBUIFT~raCl Q,04 o,'ro M. QepMCHT He, T,f:€6YCT npZCYTCTBR"i

.lllI8JIH3j: e:,'U1X:~cQlay.TopOE.

26
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)·.1K 3750
Hyxne.rns. bII0.10r!JlI('C!\:lH po.n. II np~I\TlI'ICCI';O(, J1CII0.lb301\:l!lJlC: CI'. 1:.:::'1. Tr.

/ P('.lI\O.l.: IJep.J.blWCl3 r . .J.. XypC1II1 H. E. (OTB. PC..1.) Il .:rp.- l\rrcil : ll::yr:. ;:~\:~';;!,

19~3.-112 c.
Paccxrorpcuu :n:T)'a.li.>lIble npoč.rcxru ytJCIIlI51 0 H)'Ii:.1C3J3X, !IX po.u- I3 rc:'('r;:'l('-

("!\IIX npoucccax, np:lI';Tlf'll'cJ\oe IICnO.lbJ0I331l1IC I3 ~1L'J.IIrllllJC, ~llll\rO(jlI0.l0ŗi:'!'2CI\O;·1
II PO\I bIW.1CHIIOCTII II CC.lbCI';O\1 X035IIJCTI3C. 113.1a ra IOTCH p(3)'.1 I>TJ TU! 31\CnC pil \! cur :1.1:,-
nux IICC.1C.J.0I33H1lii, \I0.1Cl\y.1HpIlLIX ~ICXJIIII3\10B ..1CiiCTI3l15I JJyK1C<l3, IL'; 13::il,;!ii:C H:l
supycu HJCCI';o\lblX. n,IJDOTHbl'> II uc.ioacxa. 1I3\leIlCHIIC IlX <IhTIIBlIOCTII ripu !':::i::,epO-
rCHC3e C lICnO.lb30B<JHIIC.\1 13 ..111<JrHOCTllIi:C. OT..1C.1LHhIC CT<JTbll nOCBHillCHDl .\:':70..:;.2',1
nO,l\'QCHIlH H\·Ji:.1CaJ, lIS \1OJ.I1<ļJIII.;aUIIII. 1I\!\IOOll.11133UJIIl II Bbl,1C.leHIIIO B II IrCTO:,: nu.ie.

'!l.lR Ol/O.10rOB, \le.11fUllHCl,lf x pa 60Tllll1\0f3, rCIlCTrrIi:OB, OllOXH\Wl\OB, n nc.: J..l 23 J-
re.reū H CT\".'leHTOB COOTBeTCTBY!OlliIIX cnCU1I3.1bHOCTell. .

EII6.1Iiorp. B l';OIlUC CT2Tcff·.

Pe.raxunoanas EO.l.1Crl!51

F, :I. E2pūuW:2B, H. E.. Y!:PCi1.'-! (OTBeTCTB0HHble pe.raxropu) , Il, J.. Ect i.rr.:«: 1:7·

BETCTS12I-1Eb[j'i cexperapi.). H. E. KŗI'iepeHi\O. JJ. E. ,7t'II!u.'.'':I-:OCJ. Il . 1.'- ,.'.: ....o,
il. ff. Caeueeso, 0--1. A. CC3U.'-iOe, C. H. .':Pl7li!.!H0 e, .--l .. -1. >li--:{:.:,7::-:-::C

PeueH312HT!U

B. A. Eapačoū, B. 3. Sus:a

200 I 040000-02;-
H .\1221 (04)-85 29-1-5.3

B. P. lllI!\O,1.\EBA, II. o. ~Iyrr;I\HrrEf\C

IIPOTIIBOO rIYXO.IEBOE II II)nI~·HOCTII)IY.JIIPYIOLI( EE
;J;Ei'fCTBIIE _·\;.(EIIIL1AT,I(E3.-\)IIIIL\3bI

P E\"ICILLIl")I L.:\x05 0- YIn 1DE

3a nOC:lt' .nrce .1CL':JTll.lt:Tlle YCTJH0I3.1eIIO, 4TO J.C3J :'11111J.l Li :-:i~l)I13-
BO.lIlIJI X J.J.t' 1[iIrl J YlJ ~lLTi3 y!OT il pery.ts UIIIl p J3.1 [1q Il bI X lļJ ii3 ne. ill r w[ c-
CKI!.'\ npOUCCCOG Y' [3bICWilX opraIl1I3:'!OB - !3 očecneueunn x.uu.cuuoro
CO[\P~llUL1fllur, ,,;p()BOl)6p:1U1CHIl5I, IIeiipOTpJIIOI!lCCllll, .iuno.uraa Il 11\1-

~I



~1~'IHloro OTB<:'T3. I Isxrcncnue ypOBH51 3KTI18I10CTIl 3J.CIl031111-. ;\.\lcP-,

Jt]cP-,.1e3a:\lllHa3 X3p3KTCPIl3)TT npouecc u OnYXO.1CBOrO pOCT3.
DOK333HO B:JlIHHIIE' .3K30rCllllbl:\ ~UCH031111.1l'3~nllill;]3 i!";IIBOTIIOrO

npoIIC:\O/I\,.1eHIIH Ha ncupo rpa Ij0111 CCII10 [1] II .111f10.1113 r 2]. Y CTJ.!lOB-

.1C'1f0 .re.rečnoe ..leÜCTBlle BBe,.1eHII51 OO.lbHLIM C T?il";C'.10ii KO\1n.'lel\cl1oii

IL\1:\IYHOHC.l0CT3 TOqIl OCTblO sp I!TpOU 1!TOB, CO.l(' P il\J Ul!I:\ a ,.1CII03 11II,.1C33-

i\!1l1l33Y [3J. OJ.HJ.KO HJ.:'v11I
T J 6 .1 Il li J 1. CTlIMY.;H/UI\S1 '1e.'lOBe'leCI\I\X He 6bl.1Il H~!iüeHbJ 1I111\3Klll'

JlIIJ\lcPOUHTOB ImlTOreHaMI\ CBeJ.eHIl51 0 OIl0.10rIIlICCKoii

aKTIIBHOCTlI .::Le33WrlHa3, npo-

.ryun PY(':'1 L1.\ \111h pOOpr 3 H113-

1\la:\ilJ. B TI\JHW\ Il K.12T1";JX

BLICWIIX oprJ.HII3\10B. Fl pc-

,J.buyw.lle OIlL!Tbl nOI~33~LlII.

qTO npoas.rcnne aKTlIBHOCT!1
a,.1eHII.1aT J.e33\1 IIH asu Penici 1-
liUI11 l anoso-v.r ide CBH3aHO (

p a3BHTlle\·1 n po.tyuen ra [ 4] .
~\1bl npe.inpnus.ur norru rxn
Bbl5ICHIlTb. s.tnaer .1H 3TOT

epep:\·reHT II Ha npoueccsr pa.i-

BIlTII5l K.leTOK -re.toaex a II

SKcnepIDICHTa.1bHbIX :i1";IIBOTHbIX. B xauecrae l'v1OJ.e.1I! 6bI.111 aučpaau

6.1aCTTpaHcepop;\laUII5I .11I:'HpOUIlTOB Il pOCT K.leTOK acun ruux onyxo.reü.
MaTepHaJ1 H MeTO.ll.HKa. B p ačore lICf10,lb30Ba.1I1 OqIlw.eHHYlO [5]

a,.1ell!I.13T.J.e3a~mHa3V C vne.u.noū 31\TlIBHOCTblO 20,5 .\iE Ha 1 Mr če.t-
Ka. Ilpenapa r co.repaca.i 22 % yr.ieso.ioa.

CnI:.1y.l5lUHIO qe.lOBeqeCKIIX .1Il:\repouIIToB on pe.te.ta.ut: 1) no BK.lfO-

LIeHIllO 3H-TIl\lII,1IIHa (0,2 :'v-1KI\H/2 . 105 1\.1eTOK; 10 MI\H/i\L\l) B KI!CJ10-

TOHepacTBopID1yl0 eppaKulIlO 1\.1eTOK 48-ī2-l..J.aCOBb!X xy.n.ryp .1e(IKo-

UIlTOB [6]; 2) no .J.aHHbL\1 ~IOpepO.10rIll-leCKOrO yLIeTa č.tacr'r p aucrpop-

MaUHIl [7].
B.1115lHIIe a.ienn.aa r.ieaaxrnnaau Ha CIlHTe3 HyK.leIIHOBbIX KIIC.10T

onpe.ie.is.m in vitro no BK.lfOLIeHl!lO !{C-yp3Ull.13 (0.04 \lld\i! \1.1 IIH-

Ky6a/..lI1OHHo(-j OIeC!I: 40 :\11\I\lI/\!.\i) B Kllc.loToHepacTBOpll\IYlO rpp ax-

uino K.leTOK aCUlITHbl:\ .11I:.lepo.le(IK030B L51ī8~', L1210. P388 Il Kap-

LI.I1HO\lbf 3p.1ILxa. On srru in vivo npOB0,.1ILlI1 C C3\1ll3:\11I l\lbIWeH

BDF-l c .lIH1Cļ)Q.lel'iK030:\1 LSl ī8~·. H3 3·ii no 7-('1 J.eHb nOC1C 11f!III3IIB·

I\II aCUIITHblX K.leTOI\. \lbIW3\f 8HYTpll6plOWIIHHO BB0.1Il.lI1 no 50. 100.

200 11300 l\lE 3..leHII,laT.1e3J:\IIIIJ33bI HJ 1 Kr :\iaCCbI :i1";IIBOTHbIX. 0 ,.1e(l-

CTBllIl epepMeHTa CY,.111.111no 8pe:VleHII il\I13HH ~lbIwei'l c Of1YXO.l5I~III

110 cpa8HeHIIlO C KOfnpO,lE':.1. B l\aLIeCTBe CTaH,.1apTa npII~leH5l.111 n pe-

napar L-aCnaparIlHa3bl (PII)hCKllii 33B0,.1 xre.tn penaparou 1 lOC AH
<ilaTBCCP) .

31{CnepHMeHTaJlhHaSl 43CTb H oOcy}KJI.eHHe. Peav.n.r ar u. oūočuien-
aue B Ta6.1. 1. nOKC13bIBalOT. -rro ~Ul'HIl.laT.le33~1I11I-(133 P. l anoso-viri-
de eTII:\1y.t npyer :H-f:\'IcļJOUJlTbr n pa KTIl LIeCI\ Il 3;10 pOGux .1io.re iL Il pil

~106J 8.1eHI!II 30 MKr /1\-1.1\1lITOre Ha qm Tore \1J rr.uo nr Hlllf a (CPL-\) Bx.r ro-

qeHIIe 3H-TII\lIl.::LIIHa B ILleTl\1I Kp081I nOGbIWaeTC51 n a 3:2 %, I1pIl .no-

ī a pua.rr onsrr a I
[3KJ110'lCHIIC "H-TII'
~111.:ll!ila (ml[;.,~:1I11

! ;} 1\..lCTI-dl tcy.u.r y pI .lC:"tK0UIITOil

KOHTrO.lb
et> L-\
et> L;, 3..:le'J(1311H
epL\. 3..:leH031IH, J..:leHIl.1aT-

1e3,DIIlH333
et> r.-\. 3;:r,ep.II.13T .J,e3a:-'rIlH33a

A1eil li.1JT ..:le3a\1IIHJ3a

35ī9,1 +60 ..1. 1
4ī37,2 ' ~6ī,3
4 ī94.4 =-= ..t'2G,8

4138,4 ..-:...382.5
5291.9 : 866.0
5450,1..-:...881.6
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6<JB.1C'I!IIJl 1'ī .\\E <J.1eHII.13T.1C3a:'.lIIII3:~j,1 113 1 \1.1 - Ha 52 %. B:lrI51illlC'

<J.J.C?1I03l111:lB 0.1 :\1.\1 hOHUC'IITP3Ulffl B I1pllcyn'TGllll C1JL\ 51l3:I51CTC51

II e31!a 1III rc.t b 111.JI :'.1.

"' lcro.ioxr :'.10prpo.toru-tec xoro YlJCT3 peJ)'.l b Ta r o B ()n pCJ.C' :111:]11on TII-
1\!a.u.nvro .103\' a renn.aa T.resaxr lIH JJl..>1.1.--:51.J.OCTII)l\CIl 1151:'.1J lü'll\l a.u.uof
6.1.1CTTP;H:lCepOP\1auun .1Il!\1 ŗPOlilITOB. 1\<'11\ nOl\33aHO li a p uc. 1, n pu
,;106aB.leHlIlI 2.2 "\1E aJeHI1.1aTJeJa\IIlflJ.Jl..>1 113 1 \1.1 hy.lbTypLI CTII\I)'-

! 2
AlJell{fJlamtJeJ(]H(JlfaJO, MEIMIl

1111fl/ HUIf

4000

3500

3000l'
2500

12000 ! Io ,1 2 J
.AOeffUJ7amOeJaJ1u lfoJa,HE/HJT

!

4

PEC. 1. CTII!\ly.1HUIlH .1II~lepOUlITOB p33HbDllI .1033:\III 3.1eHIl.13TJ.e33~1IIi-l33bl.

Pnc, 2. Bx.noireane 14C-ypauII.la B acunr nue K.fJenm B 33BIlCJDIOCTIl OT KO-
.11I4eCTBa .ioča B.leHHoii a.:reHII.13T.Je33:\llIH aau:

1 - r:::.lbTypa K.leTOK <JCUllTJ 3p::Il:\a; :; - Ky.1LTypa K.ll'TOK .1IDlepO.1Ci!K03J L51;8~'.

nupoaaanue 6.13CTK.'IeTKH eOCT3B.15HOT npnxtepno nO.l0BIIHY BCeX .1I!\I-

CPOUHTOB. Il PIl nOBbIWeHIIII n03bI epep\1eHT3 JJ:O 3,0 1\'1E/\L1 3epepeKT

cTm1y.151UHH HeCKO.'IbKO CHH.II<3eTC5I.

KaK BI!J.HO Il3 pnc. 2, 3.1eHlI.laT.J.e33MIIH33a CHIlf!\3eT yposeas
CIIHīe33 HYK.leIfHoBbIX KHC.10T B x.re ncax K3PUIlHOMbl 3p.1HX3 II .lII~1-

<po.lerIK033 LSl ī8Y. Cyuiecr acunoc cHmKeHIIe BE.lI04eHH5I l-1C-ypauII.13

no cp3BHeHI-HO C KOHTpo.le:--1 B K.1eTKll aCUIIT3 3p.1HX3 H36.1IODaeTC51

npn 0.5 II 2,0 ,\lE epepMeHT3ļ\1.1 (rrpn 0.05), 3 B KJIeTKII .'II!:vl<po.leii-

K033 - npn 0..3 II 1,0 AIEj:\I.l. B 3H3.10rII4HblX OITbIT3X C K.leTK3:--IIl

.TJlnlepoH,lHOrO .lei'IK033 L 121 0 II .1IlMepoUlITa puoro .reüxo ra P388 He

6bI.1II očnapyaceuu cyuiec raeunue 0T.lII4Il5I B yposne CIlHTe33 HYK.leIl-

HOBblX KHC.l0T rrpn JI:06aB.'1eHIIII 0,1-2.0 ME epepMeHT3 Ha 1 xr.t.

Onsrru in vivo nOK33bIBafOT (T<16.1. 2), 4TO OTHOCIITe.'IbHO HeBbI-

COKlIe ,103bI (50 :V1E/Kr) 3JeHII.13TJe33:--IIlHa3bI YBe.1I-I4IlB3fOT cpeznnoro
npo.io.tacnre.n.uocr s )KHJHlI xrsnueü Ha 58.2 %. tITO COCTaB.'l51eT 55,7 %
3epeprKTl!BilOCTII Lvacnapamnasu B ,1032 100 ~\\E/Kr. 50.1ce BbICOKIIe

JJ:03bl 3,!J.eHII.13T,le33MIIH33bI coxp auia 'OT iKII3Ilb iKIIBOTH ux onblTHOII
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T J G.1 I! I~ a '1 Ilpor usoonyxoneaoe neūc raue a)lCHII.'l3T.le3alltllHa3hl R OTHOiJJCI!II11
Jlllllt<ļJOJteltK03a L51 iS Y

.103<1.
11\[ I'ŗ

I
I Cp(·.:lHlll1 npono.r-
I ;'hIlTC.lbIlOCTb
~ ;.l'IIJ!III )!;J!!lOTllbIX.

CyTIW

111'0.:\0.1 /ImTCJlb-
1I0CTb )1'I!31111

/!'lInOTllbIX onsrr-
tlb:.~ rr-vnn.

1~ll !\ hCHT:"lO",lIO

~)(J)(:f)('I\:jl Hl!nCTh

cl,J,etlll.-:;j T~'_'3(J 'fil"
lIaJi.JI. lin '"J(~)dh"'I~"

TIJ1lIlO":TI! L·,"'l('!!;\-

r{1\it~! ,.'o1
1J.\(~ .'\ L:': ,",ŗ

50 24,2 158.2 ., ....•
Ļ,u~ •

100 15,5 101.3 1 .~
200 13,7 89.5
300 * ī,3 4ī,ī

50 29.8 19-1.8
100 31.3 204,5
200 25.8 168,6

15,3

L-aCD3 parnnaaa

KOIlTPO.1b

rpynnsi. Ha o.mopaaosoe BBe.1eHlJe 3.1eHll.12T,Je3a:VIIIHa3bI He Bbf3bl-

aacr fII6e.1II HHT3 KTH bTX ~; uiueü ,.13fEe npn BBe,JeHI1I! 1000-
2000 .\l.EiKf ~[aCCbI fKIIBOT!!OlO.

1. Michaeiis J1. L., Xlich aelis E. K., JI!leTS S. L. Adcnosine modulation o~ synapto-
sornal doparnine release.- Liie Sci., 19:-9, 24. \" 22. p. 2083 .

.) Fain J. N., Wieser P. B. Effeets of aderiosine dearninase on cvclic a denosine
monophosphate accumulation, lipolysis and glucose metabolism - of īat ceils.-
J. Biü!. Chem., 1975,250, N 3, p. 1027.

3. Enzume replacernent therapy for adenosine dearninase deficiency 2:lC sever e
combine d immunodeficiency disease / S. H. Poimar, R. C. Stern, A. L. Schw ar tz
et al.- \"ew Eng. J. Med., 1976, 295, :J 24, p. 1337.

-1. Peee.iuns B. P. A.1eHH.laT;J.e3J~IJ!Ha3a PeniciJ1ium lanoso-viride. Ib:.:eiicIIrle ax-
TIlBHOCTiI B npouecce pocr a li B 33BIICIIl\lOCTll OT YC.l0BlIii Ky.lbTIlBlip09J!!W!.-
B KH.: IICf10.1b30BaHHe Il rpaaccopvauns nyp!lHOBblX Il nupnxm nmoaux coe.nme-
HIIÜ \IHKpOOpraH1l3~la\IJf. Pirra : H3J.-BO ..:1aTE. yu-r a, 1981, C. 74.

o, llltuļipanctcuū A. E .. ~J.eHJI.lane3a\IIlHa3a Penicilliurn lanoso-viride. Bc,i.}e.1EH111e
Il OtJJlCTK3 cPep~lel-lTao- Tax :;'l\e. C. 86.

6. Waitlze W. 1., Hirschhorn K. The lyrnphocyte response to activa iors.c- In: Hand-
book of experirnenial irnrnunology. New York ; London: ) ..ca d, press, lT3. \Oo1.:!,
ch. 25.

-;. Fo.iuāeea H. H. MeToJ. onpe.re.ienua .1ll:.llDOUllTC1Il\ly.lI!Pyt01ll61 3ETllBiiOC'TII
<pllTOre\;arr.1IOTIIHIIHa.- B KH.: Conpexiennue :'IeTOJ.b! B 61!0XH:\I!!Il. ,\L: .\teJ.ll-

. 'q-:-- ,,--UI!HJ, ,~, J, C. _.),.



LAT \' 1 .J A S PSR Ž 1 N A r Ņ U AKA D ē MIJ A S v t STI S
Il 3 B E C T Il ff AKA J1. E M II II H A Y.I( JI ATB li 11 C K 0 nec p
1985, J\ČJ 12 (461), 94-98

H 0 B 0 e B JI a 6 0 p a r 0 p li 51X Y 4 e H bI X

Y.LlK 5ī5.2:5īG.851.4b.094
H. A. M a r 10W KO B a, 1I. O. M y li JK II Il C K C

J\10P<f>o.non14ECKOE BbIPA)KEHHE fiJ1A3MI1nHOrO :\\APKEPA
TFTPAUHKJ1HHYCTOYI4IIBOCTH

PeKOM61IHaHTHble n.iaaaunu, CO..lepJK3UllIe onepou rcrpaunx.umycroü-
tllll30CTll (Tc-onepon}, urupoxo IlcnO.lb3y1OTCR B pačor ax no reunoü II!!-

)Kt'HepIIll B xauecrse sexropuux MO:leKy.l.

BHe,1peHIIe tJy>r:epoJ.Horo renerusecxoro ~1aTeplla.la B Tc-onepou np u-

BO.lIIT K n apyuremno ero CTPYKTypHOI1 ue.l0CTHOCTI1 H epYHKUIIOH3.1bIlOii a x-
THBHOCTrl. B peay.n.r are K.1CTKIl, co.iepacaunre r axne Bl!.10ll3:'ICIICllil bl~

n.133MJI..lbl, Tep-RIOT Mapl\ep TeTpauIIK.1IIH)'CTOÜ411BOCTIl.

B reHCTIJtICCKIlX li reHHO-IIH;.I\eHepHblx pačorax rerp aunx.uru (Te) -lJyBCT-

aure.u.aue K.leTKII 113 o6wel1 nony.1HUIIII n.1a3~1II.J.OCOJlep;'KJlllIIX 6aKTepll;'r

.10 L'IIX nop BhIHB.1H.1IfCb nyrexr 31/3.1113čl K.l0HOB ua cpe.rax C COOTBeTCT-
B\'I0111IL\IJl J fJTJl6J10TlIKJMII.

. il.1H nOBblweHIIH 3ep<peKTlIBHOCTIl K.10HllposaHIIH npe,;'I.l0JKeHO necxo.n.xo
cnocočos očor auieuns nony.rsunu TC-4YBCTBIITe.lbHbIMIl 1\.lCTK3:'11l. B In
titro ~lO/I\HO npencr aparurs peunpxy.rsurno aexrop aoū ;:IHI\, očp a-
6aTblBaR cc epocepOTa3011 nepe.a .1llrllpOBčlHlle~1 I[ 1]. 06pa6oTKa uux.ro-

cep IIHO\! (1 00 ~IKr!M.l) 01ewaHHOl1 nony.iauuu 6a xrep Iir!, asrp aLUIIBae\I01"I

Ha cpene C 6aKTepIIOCTaTII4eCKII~I1 KOHueHTpaUIIHMII TeTpaUl!J\.lI1Ha, np n-
BO.lIIT K npeuayuiecraennoā rnče.tn ne.1HLUIIXC5I, YCTOHlJllBblX K.leTOK f?
3]. LI.1R očoraureuus nony.l5IUIlIl Tc3-K.leTKa~!11 B03MO;.nHO J1CnO.lb30B3:-JlIl'

noasuucanoā lJYBCTBIITC.lbHOCTJl TC-YCT0I141IBbIX K.leTOK K <PYCJpIlCBOIl EIlC-

.10Te [4] II epary i. [5],3 TaEI1\e nOBblweHH011 YCTOIltrllBOCTll 1\ xa.rv n:o [G].
06LUIl:ll HeJ.OCT3TI\O\1 3Tl[X MeTO.lOB HB.l51eTCH orcyrcr sue 1303\IO;'[i:HOC-

reū T04Eoli OueHE\fI TC-tlYBcTBIlTe.lbHbIX K.leTOK B nony.JIRUlflI 6JI\TcplItr .to
očp ačorxn ce.rexrupyiounmn areuravu, T3K K3K OHII 43CTI14HO aos.reūcr-

BylOT Il Ha ne.ie.isuureca x.terxn. EC.ll1 C TaKO([ HeT04HOCTblO \IO:+:HO 0111-

pHTbC51 B reHHO-IIH)I\eHepHOM axcnepuweure, TO OH3 COBepweHHO ne.ionyc-
TI[\13 npu 1l3ytreHJlI[ cTa611.1bHOCT[1 Tc-onepo sa B COCT3se p.13.1lf4Hhrx f1.1.13-
M 1l;J..

AHJ.l0rTftrHJR 3J,;'I34J čucrporo 06HčlpY)l\eHH5I člMnl[ll11.1.111H (.-\p) -4y8-

CTBIlTe.lbHbIX K.10HOB cpe.m Ap-pe311cTeHTHb1X peuiexa C nO\IOWnlO I1pOC-

TbIX in situ xo.iopuaerpusecxux TeCTOB 3KTllBHOCTH rpep\IE'HTJ B-.lčl1i:T::l-

:l123bI, KOTOPhll'i o6eCnelJIIB3eT pacuren.reune člHTJI6110TJIK:J [8, 9].
B OCHOBe ~lexaHII3M3 yCTOr"!4IlBOCTII čaxrepnü K TeTpJUll!\.lIIHY .1e:ii:l!T

lie \lO.J.llCļJIIK3UIIH crpyxrypu 3HT116110Tlll\a, a C.10)l\HbIIl npcuecc I13\1E'HCHII51

ero TpJHCnOpT3 4epe3 K.leTollHYIO Me~16paHY ŗIO]. Tc-oriepou n.l.13\111-1,

p.\\89 II cepnu pSR xo.rupye-r CIIHTe3 O.J.HOro 6e.1KJ. I\OTOPblii OCTpJIIB:l-

eTC5I B K.leTOlJHYIO Me\16p3HY I[ 11]. npH~lble 6l10XlI\111'1CCKlIC xie ro.ru 81>1-
HB.1C!l11HJKTIll3110CT!1 sroro 6C.1K3 B :lllTepaTypc ue orincauu.

Lle.u, !lJCT051wdl r:J60Thl - BhIHCIIIlTb, ne turr erp u pyrorcs .lll ~IO.WIi:Y-

.tspuue 1[]\lelrellr[51 COCTJI3J MC'M6pJ!I II ncpecrpoūxu U \ICT:1DO.l11J.\IC TLo
•

ycroūunuux 1\.lCTOK [3 I\JKO\I-1I116Y.1b .1crKQ ,;'ICTCKTllpye!\lü~1 \IOPlpo.ll)rll'll'-
CI\)\I IIPIUI1:11';Coūp aaycxru x 11:\111 «o.iounū.
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nO.1YIfCII IILIC pcsy J1bTJTbI nOKJ:l una IOT. IITO TCTpJ UIIKJTJ l' Iycroü '1nnor rt,
h::ICTOI\. orrpC..lCJl5JCMa51pel';OM61IlIJllTllLIMlI 1T.;j(j3~IIL1a:\lll ccpun pBR. MOp-
<ļ10.10rlI4CChll np05!BJ1HCTCHYBe.lllllClllleM cscronpouuuacwocru hO.l0Hllii p as-
.111lJHblXWT3MMOB E. coli.

S pačore IICn0J1b30Baml cnenyrouure WTaM~ILl E. coli ļ(-12: HB 101
(rec A); RRI- rec A+ npOIl3BO.LlHOe HBIOI; HBI29 (rec kr), no.ryueunue

113 l'O.1.1CKUlIll WTaMMOB 3. M. Jlencpčcpr (PRC, CWA) Il IC5183 (rec
nc shc A) - 113 KOJIJlCKUIIIl WTaMMOB Hucrrrryra oprnunuccxoro CIlIITC3a
AH JIaTBCCP. f1.'la3MII.n.bl CCplIlI pBR : pBR313 Il pBR322, lIeCYWIIC Map-
xcpu yCToiilJlIBOCTII K Te II Ap (TeRApR), pBR325, necyiuaa .aononnu-
TCJlbHblii xrapxep yeTofi411BOeTII K xnopaxrpeauxo.iy (ApRTeCmR) , no.ny-
lJeHbl OT 3. M. Jle.n.ep6epr. pBR313-6 (pBR313:: IS1), npOli3BO;J.HaH
pBR313, rrOTepHBWa5I MapKep ycroüvnsocrn K Te B peay.ns rare BCTpalIBa-
HlIH IS-] 3.1eil-leHTa B npcaoropnyio 06.1aeTb TeTpaUlIK.lllHOBoro onepoua,
6bl.13 no.tyueua B n aureū .načopa-rop nn. f1JIa3MII..JLI 6bl.1II BBe:r.eHbl B 6aK-
repna.n.nue K.'leTKlI nyrexr TpaHcepopMaUlIlI .[ 12J.

Cy6K.10HOBylO xy.rsrypy čaxrepnü aup aunrna.ru B )j'; lI;LI\Oii cpe.ae LB
(13), coaepx.auieü .Ll.'lH nJla3MILlHblX WTaMMOB 25 i\1h:r/M.l TeTpaUIIK.1IIH<l
(<<ClIrMa»), Ha JIa60paTopHOM BCTp51XIIBaTe.le (24006/MlIH) npu 37°C.

B CCPC..JlIHC.ror apurp anuecxoū epa3bl pocr a 6aKTcplIa.lbHYIO xy.u.rypy B
COOTBeTeTBYIOWIIX paaseaeansx, ..l.lH nO.1YlJeHIIH OT..Je.lbHbIX 1\0.lOH)[i'I, Sbl-
ceaa.ru Ha arapnsoaannue cpe.ru LB, Alg [i3J II nnr are.u.nuü a rap J1a-
recr aacxoro HIUI nnrare.isnux cpen (f1A). Floc.ie :24-35·113COBoro pOCTD.

r.pn 37cC cp aannaa.n ace MOpepO.'JOrJJHKOJIOHIl Il n.rasxur.mux II ūccn.mavn.r-
:[o:y WTa~I~IOB B 60KOBOM OCBeweHIIII, ncno.n.aya OeBeTIJTe.lb OC-19, Il
B npoxo.isuie» caere Ha npnčope ..'l.lH cuer a KO.10Hllii čaxrep.iü (JIOBep,-;-
HOC'Tbarapa e KO.l0HIIHMI! 6aKTepI!i'1 6bl.la očpauiexa K Ha6.110..JaTc.llO).

OP)[ 60KOBOM OCBeweHIIII. xoropoe IIHOr..la pcxoxieunyerca ,:i:.1H 1131'-
lIeHIIH ~lOpCļ)Q.10rJJI! KOJIOHIIÜ [14J. HaM He y.ra.iocs BbIHBIITb xroprpo.roru-
tIeCKJfX p23.111'11III Me;.K,J.y x.iouaxru n.la3~IIl,J.HbIX II čecn.raaxnriaux urr asr-
~lüB.

f1P)[ )[3YlJeHI!H K.l0HOB B npoxo.unneu csere ču.to očuapya.euo, '1TO Ha
cpene LB fl.la3Mll,!1Hble K.l0H/:>! čaxrepnü 60.1ee caeronponnuaeusr I! Bbl-
r.151..JHTcser.tee. 'IeM 6een.'Ia3YfIl.1Hble. Ha puc, 1 nsočpax.es a x apaxrep-
HaH KapTI!Ha pa3.'IlIlIlrIfl cneronponnuaevocru n.la3:-'!II;LHbIX II 6ecn.1a3MII.1-
HblX KO.l0Hllii Ha arapl130BaHHQI'i LB rrp n IlCn0.'1b30B3HI!Il 13 xauec rne np n-
siepa WTa~l~lOB RR 1 Il RR l-pBR313.

P11<C. 1. CBeTonpoHHuac~locTb K.10lIQB
urra xstoa RR1 li RR-1-pBIR313.
lliraum>l BblpalllllBa.lllCb Ha or.ie.tsusrx
'lalUKaX Ilerpu Ha LB-arape ro.nansoü
1,5 MM. J..1H y.iočcr aa cpaBIIClIlIH no-
.10BIIHa JIICKa cpe.au c KonOHUH~1H
urra vsra RRl (a) II nO,lOBIIHa - C KO-
.10HIlH'11I urravrxra RR1 ·p-BR313 (6)
noxreurenu 11'1 o.my 43lUKy Flerpu,
<PoTorpaq,IIH c.re.rau a 113n.reuxe <:MIIK-
p3T 300;0 4C'JJ(~3 0P31liKCBblil CpIl.1Lrp.
M3cwnuIl3H ,lllllllH COOTBCTCT[Jyer
1 C.\I

'.', '

." "'>Iļ~'---_ ..•.•. ....- ..•...__ ._._--_._-_.- ..
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Pile. 2. MOr<PO.10rIllJCCK3H rerepo-
renuocri, urraxi xia no CBCifonpOHII-
U3C\!OCTIl K0J1011ll'11: a - npoapav-
HblC Il {j - nenpoapasnsre KOJ10HI!'ll.
!\'\acwTaGJl3H .111HIlH COOTBeTCTBVCT
0,15 01 -

Ha Cpe..13X M9 Il DA r aknx pa3.11I4Hn 8 CBeTonpOHllUaeMOCTl1 n.'133MIIL'L-

HblX, Tc-pe311CTeHTHOCTb sxcnpeccnpyiouurx, 1'16ecn.'1a3MII!lH~IX KJJOHOB Bbl-

5HJIlHb He y.aaaocs. Ilpu p aasenennu cpe ..%I LB <PII31I0.10rI14,eCKlrlM p ac r-

BOpOM B COOTHOWeHIl51X 3: 1, ]:]1 lJl ]:3 Bblp3)KeHHOCTb MOpq>o,10rIr4eCh:IIX

pa3.1114I1ti Me)J';..lY n.la3~1JI!lHbIM11 li 6eCn.'la3~IIC1HbIMII K.'JIOHaMII CHlDl'3.13Cb.
Hančo.n.uine pa3.11I41IH B cneronponnnaeaocrn Ha6JIIO.i1a.1Ilcb nOL1C au-

paWllBaH!I51 h:.HOHOB Ha TOHKOM (1,5-2,0 MM) C.10C arap naonaanof cpertu

lB, noncyuienaoa B reseane 30 MrrH nprr 42cC nepen BblceBO.\f 63KTepH-

a.issoü cycnensun. YBe.'I!:I4cJ-IIIe cseronpounuaeaocrn 6bl.'10 OTMe4eHO y
K,lOHOB acex 1I3Y4eHHblx illTaMMOB E. coli, co.repxcaumx n,133MIl;lbl C

epYHKUIIoHa.lbHo aKTIIBHbnl Tc-onepoao«.

!\.10 tl bi urravwa RR1-pBR3l3-6, co.repacauure n.la3MII;J:y C llHaKTIIBlIpO-

BanHblM Tc-onepouoss, He OT.'11I4a,,1'i!Cb OT 6eCr1J133MlILJ:HblX K.l0HOB WTaMM3

RR 1. TaKIIM 06pa30M, np nsuax YBeJ1l14eHHOrl caeronpoanuaenocru KO.l0-

Hllrr He npOCTO CBH3aH C Ha.lll'lj"IIeM nJIa3.\H11l B čaxrepua.u.aux K.lelKax.

a 06ye.10BJleH sxcnpeccueü lIX Tc-onepoxa. He IICK.TlI04eHO, 4TO 1I3MeHeHIl51

crpyxrypu KO.l0HHH Y n.133MHD:HbIX TC-YCTOt'14IlBbIX K.l0HOB B KOHe4HOM

C4eTe orpascaicr Te MO;J:IHfwKaUIIH, xcropsre npOl130WJIIl B K.leT04HOI1 MeM-

6p3He npn BCTpOHKe B nee cneUHepH4eCKIIX 6e.:1KOB, xonapye aux Tc-orie-
pOHOM. DpllMeHlIMOCTb "feTona II3MeHeHHOn CBeTonpOHHllae[\IOCTII .1.151 06-

HapYlKeHIlH TC-4YBcTBllTe.lbHocTIl K.leTOK B n.la3MI1JlHOii nortyaaunn 6bl.la

nposepeua B OnbITaX KO.1H4ecTBeHHorl xapaxrepucrnxu npouecca 3.'11IMII-

n auuu n.la3MIl,l B ce.texruansrx YC.'10BIlHX [7]. Cy6KJ10HllpoBaHHble B llill..1-

Kor! cpe.re C TeTpaUIlK.1IIHO:\1 n.la3MII.lHble K.l0HbI pa3.'1H4Hbl:, WTaMMOB Bbl-

ceaa.urc s B onpe.re.neunux pa3Be..1eHIIHX Ha LB-arape 6e3 aHT1l6110TIIKOB.

D0.1bWllHCTBO asrpocuntx KO.'10Hllrl 6bl.'10 np03pa4HblMlI B npo.\0..151111e"1CBeTe.

O.JHaKO aapany C HIIMII .ierxo 06HapYlKIIBa.TIOCb HeKOTOpoC 41lC.l0 Te"IHbIX

K.10HOB. KO.l1l4eCTBO 'KOTOpbIX aap snpoaano B 3aBlICIIMOCTlI OT 1l3Y4ae~lOro
UlT3\Dla č axrepnū Il n.la3MII.lbl (puc. 2).

Bu.io npoana.nranpoaano no MeHbwerl xrepe 200 nposp avnux K.l0HOB
K<lm.Joro 113 n.1Cl3Mll.J,HblX WT3:VDIOB !l nOKJ3aHO, lITO sce OHJI Il\ICIOT

ApRTcR dieaor un. Pe iy.u.r aru aHCl.l1133 nenpoap aunux K.l0HOB npC.1CTaB-

.1eHbl B n6.1. 1.
S čo.u.unmcrne c.1Y4aeB 1l.1R scex IICC.le.JOBJHHbIX WT3~nfOB nenpo-

spaunue KO.l0HIIiI COCT05IT 113Ap- Tc" K.leTO!\:. B nexoropux C.1Y43HX nenpo-
3p34Hble xo.tonnn np n noc.ie.ryroures IlX ana.mae Ha ce.rexrueuux cpe aax

nOKa3bIB3.111 ApRTcH epeIlOTJlI1.• 1\\On\110 npeano.ioaurn., -rro noc.re.auue CO-

.JCPrK3.11l IICCT3611,lbHble IlHcepUl111, IIHai,TIIBIIPYloUUle TC-OIlCPOH II npuno-

.1HWIIC K 113MCHellllIO \lOP<P0.l0rJlll xo.iouuū n0..106HO n.13J\1l1.Je pBr~313-6.

B peay.n.r are ccrper aunn Il!lCCPWIl! I1plI I10c.le.JYI01llCM nepeceae BOCCTJ-

IlJB.lIlBJ:JCH epellOTlln TC-yCTOii'lIIBOCTII. Ha.ui-me r a rcux 6blCTpO ccrpcr n-

PYIOUlIlX uncepuuü n COCT<lBC Il.1J3\1I1Jl ccpuu pSR 6bl.l0 !101-:333110 113~11l

II npu 113Y'It:I1ll11 J1X CTaOII.lbIlOCTII [3 IlCce.leKTJ1l3fIL!X YCJIOIlIIH.'\ [15J.
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Ta (j .1 Il U a
.. ·AHA.1IH3 AHTHB\otO'rHKOYCTOflt.iHBOCTI-l HEr1po3PA4HblX

KOJIOHHH PA3JIHl.JHbIX nJIA3MH,UHbIX llJTAMMOB

KonH~eCTBO KonOHH~
nna3KII.lla lllTaMM

!'lcero ApRTeR Ap:;TcS

RRI 55 4 51
pBR313 RRI' 5 3 2

HB 129 12 2 10

pBR322 RRI' 3 1 2
IC5I83 6 0 6

RRI' 28 Il 17
pBR325 HB129 8 4 4

HBI0l 17 0 17

B HeKOTOpWX cnyqaHX pa3Mep TeMH~X KnOH08 6wn MeHhwe p23Mepa

np03paI1HhIX (pnc. 2). CJIe.n.08aTe.rIhHO, yrp ar a 3KcnpeCCHIl MapKepa rerpa-

I..(HKJIHHycToilI1u80CTH He B 06H3aTe •.lbHOM nops.axe ziaer npeusryurecr aa B

CKOpOCTH pOCTa KJIeTOK, H O.n.HH nHWb cpaaaare.rsnsrū p aavep KO.10HIl(r

8 c.ryxae n •.la3MH.LI, cepun pBR He xoxcer 6hITb ncno.u.soaan 8 xauecr ae

MOp<p0.l0m4ecKoro xp nrep HH 3KcnpeCCHIl M3P xep a aHT;16 ncruxoycr o iil{:r-

SOCTH.
Yrp ara n.la3:\fIl.Ll OTJ{e.1bHbnIH K.1eTKaMH npn 06P330B21!1l1I K.10liOS!fa

n.roruoū cpezre npH80LHIT K MOpepOJIOrIl4eCKlIM 1l3~leHeHHH:'l anyrp n KO.10-

HIlI!. Ha cpezre LB aaps.ay C npoapa s asrxn H xenpoap avnsrv n KO.l01:;r51,\II1
6bl.:1H BbIH8.'1eHhl cexropusre KO•.10HlIH, a nOC.1e xp a neuna 1I3111Ch:B TC:;CC!I[L'

3-5 CyTOK npn 20°C aropn-mue KO.l0HIlH - «60P0..13BKlr». Peay.u.r ar u

3Ha.:11l3a aHTH61loTIlKOYCTOlllfllBOCTIl K.leTOK, B3HTblX čaxrepno.aoruveckoū

lIr:lOll 113 pa3.1HQHbIX pafIOHOB TaKHX KOJ10HIIl\ npuae aeuu B Ta6.1. 2,
B nenpoapasaux TeMHbTX cexrop ax H «60P0..1JBKJX» :.[Oft::liO OT:\[eT;(Tb

3HJ4llTe.lbHoe očor auremre KO.l0Hllll TC-I1Y8cTBIITe.lbHbI:.I~[ x.ierxavm. -rro.

OlfeBIl..1HO, Il HB.'1HeTCHnpll41lHOII B03HUKHOBeHIlH xap axrepuux voprpo.toru-
I1eCKIlX crpyxryp Il orpaxcaer npouecc 3.1HMIIHaUIIII n.133:'111..1 113 x.iero:

nOTOMCTsa čaxrepuu, nepuouaua.n.ac coaepxcauieü ::ny 3h:CTpaXpO\IOCO-

MaJIbHYIO )J.HK.
B a ay-moü nnreparype onucauu aexorop sre Ha6.1IO..1eHiIH B.1IIHHI!H n.i as-

Mll..'lHOro reaosia Ha MOP<P0.l0rIIIO 6aKTepl[3.1bHb[X h:O.10HII'r. T3K, yTpJTJ

n.'I33MlI..1bl C Mon. BeCOM 2 Md npusonnr K 1I3MeHeHII!O CBCTOIlpOliii:L:C'

MOCTI[ or npoapausoū K .n.W~l'laTOrl y KO.10HI11! narore aaoro WTa:'DIJ ·\lii'-')'
bacterium intr acellulare 16. O.1HOBpe\leHHO repae rc s BIIp:-'.leflTHOCTb :r y,'-
TO["I'lIlBOCTb urr axxa K ue.to ay ps.ry aHT1I61l0TIIKOB. īlpe.mo.iar aercs. t,Tl~

n.1a3\\II..1Hblrl reHOM xo mpoaa.r K3h:0i!-TO MC\16pJHHbli"[ 6e.lOI{. yt[JCTBYK1'li:ii~

13 o6pa30B3HlIlI aumrennu x ..1eTep\IIIHJHT II per y.urpy.oumū npouuuaexroc r.,

K.leTOI{. I-!C..1JBflO B Apreurune Bbl..1('.111.111IICK.llO'lIITe.lbHO 3KTIIBlIO ~~:(-

ryuurū WTJ\Dl E. coli RC424 c npupo.moū R-n.1J3\III..1oi"1. 06YC.10B.l::3~::\'-

iueü ynoi'I'IIIBoCTb K.1eTOK K 500 ~IKf'"\l.l TCTpaUlIK.ll[HJ l! 7"]" 3.1ll:.(t[H~"::I(;

3TOII n.l:13\1!1;1bl nplIBO..1I1T K IO-KpaTflO\IY yBC.1II'lClIIIIO r:U\ICrOR h:.~,'T,1i;:.

T :1 (J ,1 ii u a .)

ir 3YQ[ I!lI r .\IITII G1[()TlII;:ll~'CTClnq uuocrr 1 1;:.1[TO 1;:.
',~,):lEI}~1\..vuiuxcn !1 CEh-Tl)P.\\ Il BTlJPI!'-lllbl".'\ I{l).1l11Iil·;\

Au.i.ru., 1":•.ll)lIOR
Ih,'\." l'.'1 l'h ruu

1!\)li -- \','

[11'\13I';1'11\;\'ll\n:lll!11ll\
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l~c'l\ ro\,
r, rOj'lI'liI.l'! 1\[),1"I1:1,1
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4·KpaTHoMy yBeJJMlleHHIO .lU13MeTpa KOJIOHHŗI H K l{3MelIe1lHlO HX MOP<POJlO-
rHH OT rJJa;z,KOH K urepoxoaaroā. )1aHHble O. xap axrepnsrx H3MeHeHH5iX

MOpepOJJOmU 6aKTepHaJJbHbIX KOJIOHHH B pe3YJIbTaTe sxcnpeccua 3yKapHoTH-
xecxoro reaa, xonapyioutero MeM6paHHO-CBH33HHbll1 6CJIOK, nOJIYIICHbI n I1H-
cTHTyTe OpraHHqeCKOrO CHHTe3a AH JIaTBCCP [18J.

HaUlH .r:r.aHHble anepasre BbI5iBJIHIOT recayro B3aliMOCBH3b MeiK.n.y epYHK-

llHOHaJIbHOH aKTHBHOCTblO Tc-onepoua peKOM6H1l3HTHblX 1l.'1a3~1HJl. cep mr
pBR· li Mop<p0JIOrliqeCKOfr X3paKTepHCTHK0l1 CBeTOnpOHHlJ,aeMOCTIi KO.l0HHŗ1

pR,lI.a lllTaMMOB E. coli Ha arapH30BaHHOH cpene LB. 3TOT .1erKO nerexrn-
pyeMbIH npH3HaK KOJIOHHH MO:IKeT 6bITb HcnOJlb30BaH .Ll..1H:

1) yuera 6eCllJIa3MH)J;HbIX KJIeTOK B llonYJI5IIJ,Hlr n.'ra3MH.J.Horo llIT3MMa;

2) BbI.n.eJleHHH KJIOHOB, uecyuinx peKoM6HHaHTHble nJ133MH..lbI C HHaK-

THBHpoBaHHbIM Tc-onepouoa;
3) H3yqeHHH nonYJIHlJ,IIOHHbIX H3MeHeHH}1 B n.la3~111.J.HblX K.10Hax Ha

n.10THoH cpene.
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SOUHR~: V praci jsou uvedeny vysi edky studia uekte rvcn v.astriost: ncveno
mikroblālniho biosrirnulatoru - glykoprcteinu A. izolovarieho z Penicilliurn sp.
8D (GPA). Byi o zjištāno. že jak nativni. tak i tepel ne denaturovaria forma GP.-\
rnaji stimulačni učinek na mitctickou akti vitu ly mfocy tu l idske periferrii krve Po
podanf GPA se 0 200-2'ļO °0 st irnuluje tvorba myši c': spleriocytu tvoricicn proti-
Iatky proti beranirn ery trocyturn Protinadorovā akti vi ta preparatu GP"-\ je cie-
rnonstrov ana in vitro na bunkach Ehrlichova asci tickeho lymīosarkornu a nu bUF1-
kach L 51īSy. in vivo na rozvoji fibrosarkomu {,fX-17 a Iyrnīoleukemil L 51'īSy.
Toxicita preparatu GPA nebyla prol.azāna. Je diskutovan pravdēpodobny ::J.~c;'a-
nizmus jeho pūsobe:u.
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SUMMARY: Some aspects of the activity of a new microbial biostimulator -
glycoprotein A (GPA) from the mould Penicillium sp. 8D are discussed in the sub-
mitted paper. Both native and thermaly denaturated forms of GPA stimulate mi to-
genic activity of human peripheral blood Iyrnphocytes. The activity of cells produ-
cing antibodies towards sheep erythrocytes in mice spleen is increased by 200-
-240 % after GPA administration. Tumour restricting activity of the remedy is
demonstrated in vivo on the models of lympholeucoma L5178y and fibrosarcoma
MH-17, in vitro - with Ehrlich ascite and L5178y cells. Toxic effects by GPA
administration were not observed.

Possible molecular basis of the action of the remedy is discussed.

SbOTn. Iēk., 88, 1986, No. 4-5, p. 139-145

Author's address: M. Ž., Üstav biofyziky a nuklearni mediciny FVL KV,
12000 Praha 2, Salrnovska 3

Nahod ile pokusy 0 využiti imunoterapeutickych metod pfi leceni zhoub-
nych novotvarū se objevuji už začatkern tohoto stoleti. avšak systernaticke
studium v teto oblasti se datuje od 4:0.-50. Iet (10). V současriosti se prepar aty
mikrobiālniho pūvodu použiv aji hlavnē jako adjuvans v aktivni nespecificke
stimulačni imunoterapii. Nejrozširenējšim a nejmohutnējširn nespecifickym
imunostirnulatorern použivanym v lekarske praxi je BCG (6. 7). Na klinikāch
v SSSR se krome BCG použivaji jako imunostirnulatory take preparaty pyro-
genal. prodigosan. salmasan (z celych bunek mikroorganismu) a zymosan
(z bunēčnych sten kvasinek) (2, 9). Obecne se pīirodni irnunostirnula .orv mi-
krobialniho pūvodu vyznačuji složitou chemickou a antigenni strukturou. krera
určuje polyvalentnost jejich pusoberii na ruzne f aze irnunitni odpovedi orga-
nismu. Mūže vyvolavat kaskadni jevy. autoimunitni reakce. i reakci hy per-
citlivosti. stejnē tak mūže byt i pričinou imunopatologie. Tvt o nedostat ky do
značne miry ztēžuji rozsahle zavedeni a cilene použiti piirodriich irnunostirnu-
latorū v kl inicke praxi. Ve zpravē vēdecke skupiny WHO 0 imunologickych
adjuvans se formou doporučeni pro budouci vyzkurny upoz or nuje ria :0. že
misto kom plexnich struktur by bylo mnohem vhodnejsi použiti f:·~::;::1erll'..·1
mikrobiālnich antigenū, posky tujicich spolehlivējšf zaruky bezpečnos.: a cile-
neho použiti (7).

V teto praci jsou uvedeny vysledky srudia irnunostirnulačni a prc.inado-
rove aktivi ty nove fyziologicky akt ivni lat ky - glykoprotei nu A mikrosk o-
picke plisnē krnene Penicillium. Imunornodulačni vlastriosti pīečišrēnycn pre-
paratū glykoproteinu A byly studov any in vit ro v reak cich blast icke .r.ms-
formace a stirnulace tvorby bunek prcdukujicich proti la tky ve slezine in vit ro
(podle N. K. Jerneho). Protinadorova aktivir. preparatu byl.i zjišten.. ::" m o-
delech Ehr lichova ascitu. lyrnfut icke leukernie L ;jEBy ,1 Iibrosarkorn.: :',[~-1-;-.
induk ovanern rnetylcholantrenem. rovnēž n.i b.iz i ~ld::e=e s lexinnyc.: l:-U:1L'k
s bunkarni nadorovyrni.

:\1 c\ TER 1A L ..\ :U E: T (1 0 [ K A

V rnikroskopicke pl ixn i Pen ic il l iurn sp, :;D v pc;zlil1ill1 st.utiu bllt:~'l'!:l' ,~:;'~'~'l'l1-

ci.ice se tvo r: g-lyk,'pt'otein A. pi"edst,l\'lljlci 1":1 l'L,;;,!'\'t'!ll' mnlJ,'s,\'i l'\"["l':"..:::utic·
ke b- l kovi ny. GP~\ je b il kovi n.i l"l',:")U::;tILl \'l' \·l'lk .. :l'\·\ hy<!",\!;u,'\',)ll :,:,::\·i:ll.
v nn t ivni k onf'orrn.tc i 1\I,l,lI1WrU 111.1 ruo l ek uto vou !~I11Il:11,'::;' ;Ji';:"'li:'::lt- ~:':ll i';:')l:.l::'l!~l:.
V pok uxcch byly pou.u ty puri ti k ov.m.- Pl'l'[':I:':II\' G:'.\ (:>.)"" 11,'m')~l':l::.:\ " :,(ll',-

ceutrncich O..)-(U: nu; ml f~'zil)lllgil'!,,'!11l r'lz",kll nL'l)() [l.P.) .\[ 1\:-[')01,':.:,)\',':'" :lUI·:·"
p l I li,;). Prepnr.u ,,1),.;;\!\, w.i! :.::.:"(1 S:Ic!1;l ri li u.
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•Stimulace lyrnfocytū v krvi dārcū byla stanovovana morīologicky na zākladē
blastickē transformace v kratkodobych, 24-72hodinovych kulturāch leukocytū
v Eaglovē mediu obsahuj iclho 20 % autologniho sera a antibiotika (4), Počet bunēk,
tvoficich protilātky - hemolyziny (BTP) ve slezinē myšich sarncū linie BALB'c
byl stanovovān metodou podle N. K. Jerneho a A. Nordina, modifikovanou L. Fon-
talinem (U), spočivajici v lokalrii hernolyticke reakci v agarovern gelu. V tčchto
pokusech byla použita zvīrata 16-20 dnū stara.

Prūbēh rozvoje nādoru byi hodnocen na zakladē stredni doby prež īvani myši.
Pokusy in vivo s fibrosarkomem MX-17, indukovanym metylcholan trenern, byly
provādēny. na myšich samicich linie BALBc starych 10-12 tydnū, Nador ovy rūst
byl indukovān apl ikaci suspenze, obsah ujici 1000 buriēk fibrosarkomu, do svalu
zadnich končetin. Rozvoj nādoru byl posuzovan podle narūstu jeho prūrnēru (8).

Vliv podāni GPA na vytvorenj cytotoxickeho potencialu Iyrnīocytū byl sledo-
van pomoci adheze nadorovych bunšk MX-17 a slezinnych bunēk myši BALB c.
irnunizovanych studovanyrn preparātem, ktere však nebyly nositeli n arior ū. Slezinne
i nādorove buūky bylv suspendovany v mediu RPMI-1640 0 koncentraci 20000 bu-
riēk/rnl. Suspenze byly slrty v pornēru 1 : li, inkubovany 30 min. pri 30 ~C. Pa cen-
trifugaci byly bunky resuspenzovarry v 0,5 ml media. Adheze bunēk byia vyhodrio-
covaria v kornūrkach Gorjajeva a vyjadrena v 0'0 adh erovanych bunek z celkover;o
počtu.

Zkoušky na akutni toxicitu preparatu byly provadēny i.p, apl ikacī vysokych
davek GPA rnyširn BALB c.

VYSLEDKY
Vysledky sledovani mitogenni aktivity GPA v kratkodobych lymfocytar-

nich kulturach byly ziskany 'lie 3~5 pokusnych seriich se vzorky v tr-ipiika-
tech a jsou uvedeny v tabulce 1. Interval spolehlivosti odchy lky prūrnēru byi
vyhodnocovan standardni metodou statistickeho zpracovanī dat.

Pridani 10-60 ug/ml GPA k inkubačni smēsi kratkodobvch kultur Ieuko-
cytū stirnuhije tvorbu blastu lymf'ocytū u zdr avych dar-cu. Opbmailini davk a pro
dosaženi maximalni blasticke transformace vlivern GPA je v rozsahu koncer.-
traci 40-50.ug'ml. Pri zvyšeni davky GPA na 60 «g ml stimulačni učinek k le-
sa. Aktivita preparatu jako mitogenniho agens je 'podminena spiše jeho struk-
turou než hydrolytickou aktivitou. Svedči 0 tom zvyšeni učinnosti blasticke
transformace v pī'itomnosti GPA. (20,ug rnl) zahrateho na 80 "C po dobu 20 min
na rozdil od jeho nativni f'orrny. Po -lS hodiriach inkubace s nutivnirn GP.-\ bv lo
nalezeno 125 (l,1) velkych Iyrnfocytū proti 160 il Il S tepelnē deriaturovanvm GP.-\.
Takove zpracovāni uplne inak tivuje hydrolytickou akt ivitu preparatu GP.-\.

J\:"lll'l'nt·l':wt' C:P.-\ \. inku b.vču i Dnh'l in ku b.u:o
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Tab. 2. Stimulacc tvorby BTP ve slez ine myši uč inkern preparitll Gf'.\

Davka GPA
!-,-gjkg

Doba aplikuco (dn:r prer!
nebo P? injekci anr.irŗe nu

Ob.sah ETI'
(I)~ z kontro ly )

o
1,0
1,0
1,0
1,0
1,0
1,0
2.0
:!,O

10.0
10,0
10.0

-:~
-2
-1

o
-:-1

100
]17 = IS
1 ŗ).) = 13
107 = 12
11)9 = 10
Y30=:!i)
127 = 13
:!!I!J = li)
1;,?(I = Il
J -!.) =" 1:-
.).1 - ,l.)
~.) I -

Il '.~ ~J

-1--,.,
-.)

-1

._-~-~-~----~~~-----------~-------------------~-----~-~~---

Silnējši denaturace GP_~ pn 96 cC bēhern 5 min vede až ke ZC'8.,:ē jehc rnito-
gennich vlastnosti. Současne však porušeni struktury sachar.dove časri mole-·
kuly oxidaci jcdistanern (16) nernēni podstatne aktivitu prepar atu Pl': blastic-
kotransformačni reakci (udaje nejsou uvedeny). Použite davky GP_~ v pok u-
sech s blastickou transforrnaci nevyvolavaly hernoaglutinaci erytrccytu krve
darcū.

Pokusy se stimulac: tvorby BTP v mysi slezine jsou uvedeny v tabulce ~
a charakterizuji adjuvantni vlastnosti GPA.

Stanoveni Bl'P se provadēlo 4,-5. den po aplikaci antigenu - beranich
erytroeytū a charakterizuje produkci Igl\I karyocyty sleziny myši. Z našich
pokusū vyplyva, že preparaty GPA se vyzriačuji vyraznyrn adjuvan.nim üčir:-
kern v širokern rozrnezi davek - od LO do 10.0 mgkg. Tento učinek ~e proje-
vuje. jestliže se GPA aplikuje v určite dobe - 2-3 dny pred neba jec.en den
po imunizaci ber anirni erytr ocyty. Pr i současne aplikaci antigenu a GP.-\. ne-
bo pri aptikaci GPA jeden den pred imunizaci nebyl a pozor ovcn. \'~'=::,,::mj
stimulace aktivity tvorby BTP. Stimulliace aktivity ETP neni provazena ::,i;ni-
Iikantnē zvyšenym celkovyrn počtem karyocytu ve slezine .
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Vysledky in vivo experirnentū s Iymfatickou leukernii L 5178y a prepara-
tem GPA jsou uvedeny v tabulce 3.

Terapeuticky üčinek GPA vzhledem k rozvoji lyrnfaticke leukernie L 51'ī8y
se projevoval pouze pri nizkych davkāch preparatu - 1 mg/kg. Znama enzy-
moterapeutickā Iatka - bakteriālnl enzyrn, imunosupresor Lsasparas inaza
v približnē stejne davce vyvolāva temēr dvojnasobne pradlouženi doby života
myši pokusne skupiny. Zvyšeni davky enzymu nemā dalšf vliv no. prodloužern
života myši s Iymfatickou leukernii L 5178y. Ve srovnani s t.m podani 4-6
mg/kg GPA dokonce urychlovalo rūst nadoru, ačkoliv samotny preparat je
netoxicky i pri daleko vyššich davkāch (viz dāle). Současnē však profylak tick e
podān i 1 mg 'kg GPA pred transplantaci nādcru vyvolava prcdlouženi prež i-
vani pokusnych zvifat na vice než 300 °10 ve srovnāni s kontrolou.

Jako model solidniho nadoru pro studium pūsobeni GPA jsme zvclih
metylcholantrenem indukovany fibrosarkom MX-17, ktery se vyznačuje rezis-
tentnosti vūči chernoterapeutickyrn lātkam a malou imunogennosti (13), Proti-
nādorovy ūčinek GPA na fibrosarkom lVIX-17 se pr ojevuje pouze v poki.sech
s vicenāsobnym podānim preparatu pred a po transplantaci nadoru. podcbnē
jako u vakciny proti neštovicim. Po profylaktickern podani GP.-\ pred inoku-
laci nadoru lze pozorovat pokles procenta uchycen i nadoru. Aplikace G?A.
mnohem üčinnēji omezuje ru st Iibrosarkornu MX-17, než vakc.na proti neš ;c-
vicim podle analogickeho schematu (12) viz tabulka 4.

Pro sledovani prirnarni etapy interakce slezinnych bunek - lY~1~:',·cy:'~
s nādorovyrni burikarni, byl použit test adheze, ktery se dcporučuje pro hcd~,,'-
ceni aktivity prirozenych killerū. Vysledky experimentu jsoi: uvedeny v tc~b,--;>
ce 5. Nejvyraznējši učinek no. stimulaci adheze bunek fibr osarkornu ~.IX-:-;-
se slezinnymi myšimi bunkarni (B.-\LB c) ma imunizace preparatem G?-\,
Dokance pa imunizaci hornolognimi amigeny - nadorovymi bi.nkarni v c",,!:.eŗ;:
stadiu nebo v pozdnirn stadiu rustu je tento učinek slabši. podob rie jc't~.!
u kontrolnich nespecifickych imunostirnulatorū - viru vakc.ny proti neš ;c-
vicirn a enteroviru ECHO-7.

Na rozdil od vētšiny imunostirnulatorū mikrobialniho puvodu byl GF ..-\
ziskan z nepatogenniho kmene plisne Penicillium sp. 8D. Nizkou toxiciru ::1:1
i sarnotny preparat GPA. V našich experimentech na zviratech jsrne nepczor ,i-

vali vznik anafylaktickych reakci a hypercitlivosti vuči torr.ut o pre oar a;u.
Intralumbalni pa dani GPA krysim mlad atūrn druhy den po n.irozeni v d.ivce
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Ta.b. 5. Adheze bunēk fibrosarkomu MX,I7 a myšich slezinnych bunčk

Adheze bunēk (%)
Pokusnā varianta Dāvky

imunizace 28. den
po imunizuci

:15. den
po imunizaci

Kontrola
N ādor v pozdnirn stadiu
Nador v ranem stadiu
GPA
Virus neštov. vakciny
Viru~ ECHO,7

Fyz. roztok
103 bunek
103 bunēk
1 mg/kg
105-10" CPD
10;-10" CPD

12,8 = 1.0
17,6=1,4
18,0 == J.:?
2:3,0 == 1,7
16,0 = 1.1
17,:3=1,6

1:3.0 == 1.5
18.0 == o.s
18.:3 = 2,1
22.5 = 1.0
17,0 = e.o
16.0 = 0.7

Rane stadium rüstu nādoru (prūrnēr nacloru 0.5- 1,0 cm).
Pozdni staclium rustu nadoru (prurnēr nadoru > 2,0 cm).
Použite virove preparāty byly zīskany v labora tori virot.erapie nacloru :\Iikrobiulugi('k':;lO inst i-
tutu A. Kirchenštejna A Y Litevske SSR.
CPD - cytopatogenni davka.

15 mg kg nevyvolalo žadne pozorovatelne odchylky V jejich vyv oj i bēhern tr i-
mēsičniho pozorovani. Ani pri i.p. aplikaci GPA myšim linie BALB c v davce
100 mgkg, což je 0 dva rady vyšši než je optirnalni profylakticka davka. ne-
byly pozorovany žadne vnējši projevy intoxikace.

ROZPRAVA

Vysledky, uvedene v teto praci. ukazuji, že glykoprotein A. učastnici se
procesu bunēčne diferenciace v plisni Penicillium sp. 3D, muže pūsobit jako
Imunostimulātor i protinadorovy preparat. Protinādorovy učinek GPA je nej-
vyraznējši pī'i profylakticke aplikaci. což ukazuje na imunolog icky podrninē-
nou povahu pozorovaneho jevu. Mitogenni aktivita GP.-\ nesouvisi s jeho
hydrolytickou aktivitou. ale spiše se strukturou jeho bilkovinrie časti.

Podle spektra a učinnosti pūsobeni je GPA podoben rüznyrn j inyrn imuno-
stirnulatorūm mikrobialniho pūvcdu. Napr. GP.-\ vyvolanā stimulace lyrnfo-
cytū periferni krve je srovnatelna s pusobenim bakterialnich lipopolvsachar idū
(1). ale stimulace BTP naopak - se zyrnosanern a BCG (3). Současne však
GPA indukuje jak humoralni, tak i bunēčnou složku irnuni t.ni odpovedi. Lze
predpokladat, že primarni pusoben i GPA se nachazi v nejčasriejš i et ape r egu-
lace rozvētvenych cest imunitni odpovedi. nupr. na urovni st irnulace syntezv
interleukinu-1. Predbežne vysledky. ziskane v naši laboratori. rovnēž uk.izuji.
že aplikace GPA neovlivriuje vyznarnnē koncentraci IgG v k revnirn seru
experimen t al n ich zvirat. ale induk uje kvalitu t ivn i zmeny elektrof.vrcr ickcho
obrazu rozdēleni serovych bilkovin - objevuj i se dopln k ove Z()11:-' \" oblast i
rnigrnce haptog lobulinu a nebo alfa ruakrog lobulinū.

Uvedene vlastnosti ukazuji nn piibuzriost mechunismu imunost i.nu.ačriiho
učiriku GPA s učinkern polysach.iridu lentinanu. jehož a k t ivi t.i je r"\Tt':': pod-
rninenu indukci syntezy interleuk inu-I (I,ļ). Byl vysloven n.izor. :::l' 1111uno-
st imu lacni učinek zyrnosanu jo t.ike z.iložcn n.i indukci intorlouk iuu-! (.'il.

Prcdnost i GPA jaka imunostirnul.itoru ve srovn.mi Sl' :::1:\111\'1::: .1:::11,lL:Y
jsou pat rne z nasleduj iciho :

:1) prcpnr.it je hornogenni :1 ruzpust 11y vc V.ll~"-'. d.i se snadrio ddin()\:l: .1 st.in-
d.udizovn t 1'y',:i kalnč-chem iek:' m i :1 bioclu-m ickvrn i 111L'[ od.rrui.

b) prcp.uat je st abi lni v ruxpustoru- i lvo li li.iovn nc 1'\)['111"-',



c) GPA je produkovan nepatogennim mikroorganizmem v dostatečnern množ-
stvi a nevyvolavā u zvirat toxicke reakce, ani nežādouci vedlejši reakce
im unologickeho charakteru.
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Intluence of the FungaI Glycoprotein A on the Growth oī Tumours and SurvivaI <t:\~

at Mice Strain e3H with a Syngenic Mcthylcholanthrcne 'ī'urnour :~fi
. ·.,i;::~

M. Zcik,F. NO~~kA.IM~~~:~~~~:J~T~~t~i~OI~I:~:~stģA. KamaradZe'jl
SOUHRN: V prāci [sou uvedeny vysledky studia protinādorovych vlastnosti mi-· <:;~~

krobiālnlho ;prepan'ltu, glykoproteinu A, i"zolovaneho Z iplisne Penicillium sp. 8 D ·.0·~
(GPA). ~e~roforeticka pohybllvost byla stanovena v kontlnualnirn gradient~ POlY-i'~,~~~~_,
akrylrurrudoveho gelu..: ...~

Bylo vyzkoušeno sedrn rūznych kornbinacī irnunornodulačnī dāvky GP A. Sled.o-.'~'·.\~'f
valo se preživa.ni zvita·t po nādorovē transplantacī a .rūst transplantovanēho 5OIid- '/':C.
nlho syngennīho rnetylcholantrenoveho nādoru u inbrednich myši C3H. --__... :.~;:~;;~

Zādnē ze schernat podānī GPA vyznamnē neovlivnilo dobu preživānī .zvīžat .~*<
s transplarrtovanymi nādory, Jednorāzove podānī testovaneho preparātu oVlivnilo;·f::.\~
rūst transplantovanych nādorū pouze nepatrnē a nevyznarnnē. Pri opakovanern po-' ;;ŗ:~
dani GPA pa nādorove transp1antaci byla situace v rūstu nādoru priz:nivejš!. Nej- ·:.}iJ
pi'fZ!1ivejšfho efektu ria eūst nādoru bylo dosaženo po kornbinovanem podanī pi'ed '::~h

. nādorovou transplantacl a pa opakovanērn podani pa nf. _:-'-";~
-:-;f;j

Adresa autora: M. Z., Ūstav biofyziky a riuklearni mediciny FVL UK, '·;~_'_':~~.V"
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~t~~SUMMARY: The authors present the results of an investīgaticn of the anti-
"'':'J: r -; fr

rrj~tumourpropenties of a mlcroblal preparation, glycoprotein A isoLated from īungus
i..,~eniciilllium sp. 8 D (GPA). The eIectrophoretic anobllity was assessed in a conti-
;tnua1 polyacrylamide gel gradient.
Y."'., Seven düferent comibinations of imrnunornodulatlon GPA doses were tes ted ,
~=tThesurvival of anirnals after turnour transplantetton and the .growth of the trans-
-;1 planted solid syngenlc methylcholanthrene tumour in Inbred mice strain C3H was
·:;·.ĪJivestigated.
';.: - .None of the patterns of GPA administration influenced in a signiūcant way the
. survival period of the anirnals with transplanted turnours. A single dose of the
tested preparation had only a sIight and insignilicant e!fect on the trans plan tec]

...tumours, After repeated GPA administration Iollowing tumour transplantation the
~'position of tumour 'growth was more īavourable. The most favourable effect on
: turnour growth was achieved after combined administration before turnour trans-
:plantation and repeated administration after tr ansplantation.

o
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~"' V profylaxi a terapii zhoubnych nādorū se proverujc rada metabolickych
. produktu mikrobiālniho pūvodu, ktere pūsobi jaka irnunornodulatory. N cj vice
. byly použivāny celē buāky, jak je to ku prikladu u BCG vakciny. Tyto
'preparaty maji velmi složitou antigenni strukturu, ktera vedle nespcci īickc
imunostimulace rnūže však byt pričinou nežadoucich vedlejšich reakci.

Obr. 1. GPA elektroforeograrn na kontinualrum gradientu polyakrylanudoveho
gelu .

. .
Prato dalši smēry v imunotcrnpii vedou od použ ivani ko mp lexnich b.i k t.e-

riālnich a plisūovych preparatū k chemicky definova nym selck tivnčjšim pr c-
parātūrn. Jsou to napī'iklad interfcron, levarnisol. isopr inosln . azirncxon (4).

Jednim z dalšich irnunostirnulütorū jei g lykoprut cin A izolovany :: plisnč
kmerie Penicillium sp. 8D (GPA), Nēktere cha rn k tcr ist iky tOJlhl)tn puri Ii kov.i-
neho rnikrcbial niho preparātu, jaka stimulnce mito t icke ak t ivi tv Ivruf'ocv t u
Iidske krve, stirnulace myšlch splenocytū .1 dalši vlastnosti byly prcdrnctcm
naši predchozi publikace (l~),
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.. v tēto prācl jsou sled~~Any zāvislosti rüznych schemat podānl. ~tJjg~~:;;r~i:r~
'. . ~ V!~.qo-'Jl'\""~i'-ky .GPA na \preživ{mi 'a rüst syngennich nādorū u inbrednich rnyšl :kmene-

- C3H. - ':g:~::M ~
MET 0 DI KA, , .' ~";~~>j~,;ll~:'

K pokusüm ,bylopouŽlitoiIrbrednfch' myšīch sarncū kmene C3H o'~;u1
asi 20 g 1l pēībllžnē stejneho stati. Zvftata byJ!a .krmena peletovanou dietou~;.DO§.:~
ZB zāvodu Velaz a napājena wodou ad lib1tum.Pfed pokusern b)'l1a dva ~tYdny..'l
akijmatlzovāna a chovāna v um~ohanotnyoh chovnych nādobāch, ,,'- »~~)tJ~~~'~
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Graf 1. Pornēr pēežīvaltcīch zvīžat 5 nādory pa podānī GPJ:'. pfed nādorovou ,
transplantacī,
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K nādorovē transplantacl byl použīt SY1I1genn{ rnetylcholantrenovy nador;Pü-·.3

vodnē byl indulcovān na myšfoh krnene C3H tfikrat opakovanyrn podānīrn 3~nEityl-:,~
chclantrenu SERVA v dāvce 0,5 mg v 0,1 rnl !yziologickeho roztoku do hIubokYch.~
stehenn!oh svalū zadnī ūcončetīny v tydennfch intervalech. Nādor byl tfikrat p~e-:. ..;
pasāžovān, pa vypreparovānī homogeni:zovan a IPO pfldānf dimetylsulfoxydu v po- '\
mēru 1:9 byla tato suspenze zatavena do sklenēnych ampulf. zrnrazena a uchovāvāna
v tekutērn dusi.ku.

- Pi'ed vlastnīrn pokusern byla suspenze I'O'2:1'TU"azena a i.njikovana inbrednfm rny- '.
Mm krnene C3H, do hlubok:Ych svah.i femornln!ch obou zad.nfch končetin. Vznlklē .'j

,~
nadory byly vypreparovāny, hornogenīzovāny a byla vyšetrena bunēčnost spoleēnē " ~~
5 lndexern vitellty, Bunēčnost se stanovovala obdobnē jako počet Ieukocytū v Bür- ::~;-':
kerovē kornūrce a pro stanovenī indexu vltaltty byl hornogenat obar ven trypanovou . ',_'
modrī. .

Pokusnyrn zvfēatūrn byly podāny suspenze nādorovych bunēk 0 upravenē bunēč- ::,,~j
nosti 10J v 0,02 ml fyzlologīokeho roztoku do hlubokych stehennich svalū levē zadnī : ,:~
končetlny. '{

K ovllvnēnī rūstu transplantovanych nādorū byl pcužit glykoprotesn A extrahq- ,;
vany a puriūkovany z pūdniho rrükroorganīzmu Penicilllurn .sp. 3D (12) v dāvce ':;:~
600 jJg na 1 kg žlvē hrnotnostl zvīčat, Preparāt byl charaktertzovan pomocī elektro- )~

.,",,.~
'::1

..'··~i. ) ļ,
.(~
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īorēzy v polyakrylarnldovērn gcluna ptfstrojl podi. Ogity a Markerta (8). Elektro~;';~1
īorēza probthala 60 rninut ,ptl napētī 200 V a proudu 20-30 rnA v kontinuālnīrri ~~
gradlentu 4~14 % 0 pH 8,5.' Z elek't.ro!oreo~~u. na obra~u 1 je patrne, že jd~ ':;~?~~
o vysokomolekulārnī Iātku, kterā čāsteēnē disociuje na podjednotky. . .' ,:_.~~

Rüst nādoru byl sledovān na osrnl skuplnāch po deseti zvlratech s :nasledujicim}~
schēmatern pokusu. ' .. :~

1. skuplna - kontroln!, ktere byly pouze pr etramsplan tovāny nādorove bunky jako)~
všem nāsledudīctm skupinārn . . '. ~

2. skupina - glykopreteln A byil podān 5 cini pred nadorovou tranSPLantaci::~
3. skupina - glykoproteln A .oyl podān 10 dnī pred nādorovou transplantacf . '.};~
4. skupima - glykoproteim A byl podāvān opakovanē 1., 2., 3. a 4. den pa nādo- . ?~

ve transplan ta ci . ',.}:~~I'i
5. skupina - glykoproteln A byl podan 7 dnū pa nadorove transpla:..rtaci .'~;Ü~
O. skupina - glykoprotein A byl podān 7 a 14 dnū po nadorove transplan:taci' ;:~-j
7. skupina - glykoprotein A byl podān kornbmovanē a to 5 dnū pred a 1., 2., a..... :,tg

4. den po nādorovē transplantaci . ,:;,~~
8. skupina - glykoprotein A byl podān kornbinovanē a to 10 dnü preci a 1., 2., 3. : ..~It.';l

4, den pa nādorovē transplantacl. "':":1.;
Velikost nādorū byla mērena clrkumferametrem, jako rozdily rnaxirnālnich prū- :.}~

rnērū zadnfch končetin s transplantovasryrn nādorern a druhych končetin bez nā- :;.~~
deru. Cirkum!erometr byl navržen a vyroben Vyzkumnyrn ūstavern pro farrnakologtī ~{:J,~]
abiochemii (5 a 11). Veli·ko.st nadoru byla rnērena 15 il 23 dnüpo nadorovē trans- ;;;~.t:
plantaci, ... ~:~~i

Rozdfly ve velikosti nādorū byly stati.sticky hodnoceny podle Snedecorova testu r:?~
vüči kontrolnirn necvlivnēnyrn zvīratūrn (9). Statlsticke vypočty byly provadēny na." ;L;',~
počitač! .PDP 1{J/34 A fi1"IDY DEC USA podle progr arnū sestavenych pro učely teto ",~;i{~
prāce, PetiprocentI1i vyznarrmost bY~ stanovena za hr anici statistlcke signifikance t<~'~W
u na graīech byla označovāna hvēzdičkou. '. ~,,~

. ,,~.
:.:j,:~c;c;~~
~ - ..ot:" .,

" .·,.,<i~'
:,.'j:;;~
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:'~,-',.~:~·>~i~.,:.~f;~~'(T'",,", -.." 'ej ..•.:. .' ~'.·· .. :',··~~}~t~i
:~ - :.,visI~ :'~>prež1van{ jsOU' uvedeny jako pomēr pi'ež1vajfc!ch k vychoz1mu ,'~ :\~~
" zvifat od doby'n4dorove rtra:nsplantace. Statist1c:k~ hodnocenī .bylo testovāno V celem;.!Jtl

.'I.~JU. '~podl- . 'G-~-- (2) , r. ·.~~·'·;~.d',~
_-pruu~.u~"" . e., ..cua·~_ • ,.·~.t~W"ft?~

. '~~:.~:'~"_:':~~~. , V? s~EDKY,;!j~~;}'~~
Vysledky V preživani zvitat s transplantovanyrni nādory a po podānī GPA><~

jsouuvedeny na grafech 1, 2 a 3. Zvifata začinaji hynout 20 dnū po nadoroy'e:i~!,
transplantaci .a pžežlvajl 35 až ,43 dnū, až na nepatrnē rozdi1y, kterē ..však:l'~
nejsou 'statisticky vYznamne. Da se konstatovat, že GPA neovllvfiuje prežfva.~ }"l!~
zvīžat po nādorove transplantaci. \ '. ~,:..-1 ?'~~;.;t;;:~l

I ~,,,,'t.i.

, Na graīech 4, 5 a 6 jsou znāzornēny prūrnēry zadnich končetin strans- .!;~~1
plantovanym nādorem (velikosti nādoru) a po podānl GPA v uvedenych časo- 'v.~:N
:vych intervalech od doby nādorovē transplantace. ' ,.J;; ::~g

Z grafu 4 je patrny vzestuphodnot po nādorove transplantaci. U ,zvfŠat :_;.~~
ovlivnēnych GPA jsou sice hodnoty nižšī, ale statisticky nevyznamne. . ~,'.': . :~:'~

Na grafu 5 [sou uvedeny vYs1edky po opakovanērn podānī GPA. NejvY-_,}:~j
raznējšī ovllvnēnī byle dosaženo po opakovanē aplikaci preparātu 1, 2, 3· a 4_~)',8
dny po nādorovē transplantaci (tj. u skupiny zvīrat 4), kdy jsou maximālnī -l~
prūrnēry zadnich končetin s nādorern 15 dnū po transplantaci 0 18 % menšī, t·;j
než prūrnēry kontrol. Ještē 23 dnI po nādorove transplantaci pretrvāval priz~' ;~,~
nivy efekt podaneho GPA a hodnoty byly .v prūrnēru 0 17 % nižši oproti .:~
kontrolārn. Tyto rozdily jsou statisticky vyznamne. U skupin pokusnych zvi-<}~
lat '5 a 6 Ize pozorovat určity efekt, ale statisticky nevyznarnny. . :~}i~

Na grafu 6 jsou uvedeny sledovanē hodnoty po kornbinovanern podan(.';~:r;
GPA pēed nādorovou transplantael a po ni (skupiny zvifat 7 a 8). Podobne,-~:y~
jako v prlpadē samotneho opakovanēho podānī pa transplantaci (skupina zvi-·.~;::~i
rat 4), byly prūmēry končetins nādorern 15 dni po nādorove inokulaci 0 20 % .'::;;:€
menšl pfi obou kombinacfch aplikace preparātu. Rozdily jsou statisticky. vY-,/1;i:
znamnē. Efekt pčetrvāvalaž do 23~ dne, kdy byly vyšetrovane hodnoty 0 15 et.: ;;~t!
menšī oproti kontrolārn. Hodnoty byly statisticky vyznarnne u skupiny ovliv- -~::i@
nēnē 5 dnī pfed nādorovou transplantac! 'a 1, 2, 3 až 4· dny po .ni. U skupiny ~\~

.~.:....r1'\'

zvitat rovnēž s kombinovanym podānirn, ale misto 5 dni pfedem bylo použito ':.',i~~
10 dnī, bylo zaznamenāno rovnēž sniženi sledovanych hodnot, ale v intervalu .,2-~~~

••• 1"

sledovānl 23 dnū po nādorove transplantacl byly hodnoty statisticky nevy-->:i:
znarnnē z dūvodū vētšī srnērcdatnē odchylky. . " .~;~;

,čdr

R 0 Z P RAV A . ;~
- r•• ~.~

Testovany glykoprotein A byl izolovān z plisnē Penicillium sp. 8 D v pozd- . 'A
nlrn stadiu bunēčne diferenciace, .kdy tvorl až 1% celkoveho množstvi cyto- /~
plazrnaticke bi1koviny. GPA rnā konfonnaci oktarneru s molekulovou hmot- .. ~..~...•.
nost! asi 220 ki1odaltonü. Obsahuje 22 % sacharidü a rna hydrclāzovou akti-. ;~,~.;:.
vitu. Mitogenni učinky GPA však nejsou vāzāny ria pžītomnost rhydrolāzovē '..,
aktivity, jak bylo dokāzāno s tepelnē denaturovanyrn preparatem (12). ,';~~

Protinādorovy üčinek byl sledovān na preživānī zvfrat s nadory a na rūst ;;~~
nādoru, ktery byl prūbēžnē sledovān, takže každē zvffe bylo sama scbē kon- . ;i;~

, ~...:
trolou (1, 3). .J.~

Z vysledkū preživāni zvirat s metylcholantrenem indukovanyrn nādorem '::::
je zrejrne, že GPA ani v jednom schernatu z uspcradaneho pokusu neovlivnil :.l'
stntisticky vyznarnnē jeho prūbēh. Naproti tomu pri kornbinovanern podanf,~
GPA rnyšlrn v dāvce 1 rng ria kg žive hmotnosti zvirat 7 dnü pred inokulaci ",~,,~
Iymfaticke leukernie L5178 y a dva . dny pa, sigriifikantnē prodloužilo dobu ..·
prežīvānī zvīžat (12). Rozdil v üčinnosti je patrnč dan typem zkournanēho .
nādoru, kmenem zvlrat a dāvkovāntrn.
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, , ~,·fH~~~i'~k~>djde·:O -ovlivnēni rūstu solidnlho syngennīho metylcholantrenoveho
'~'\,i" ""?'< .. ,., . .
,~:tnaaoru~·u··:.myšf';C3H, bylo z použitych schērnat pokusu optimālnf opakovane

< WPodaDi~~estovaneho GPA a to [ak po nādorovē transplantaci, 'tak predevšlrn
1: .-:'ii'.. ~.. .r ',' . .. ~ .
.,Ļirkombinovane, kdy byl GPA podānjednorāzovē pred a opakovanē po nādorovē
~·'I:j~tr,ā~plantaci.Tento nālez plnē potvrzuje vYsledky pēedchozī citovanē prāce
., ~>,(l.?~,I;kdYbyI použit metylcholantrenem Indukovany fibrosarkom MX 17 v ob-

ldolmem experirnentālnīrn uspočādānī.
:.~€~~€~ilZ.,teto prāce je takē zrejme, že vedle určenī optimālnī imunomodulačnf
~~t~avkY.zkoumaneho preparātu je nemēnē dūležitē zvolit i optimālnī schērna
o{;podanf(10).'ij:1Sii~~: . . LITERATURA
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BJ100prAHl1QECI(A5Iu Xl1MJ15I
mosi 15 * ~lb*-1989

~-,[(K 577.113.4

KJIOHJIPOBAHJIE H HYK ••TJEOTIILJ;HAH nOCJIEUOR-\TE.;lbHOCTh
5'-C1>JIAHKIIPYIOIJJ;Ell OEJIACTH fEHA

IIHTEP JIEllKMHA-2 QE.JIOBERA

JItll,e61t1ŗ .9.K., :JIaxapeulw6a F.H., Po suuocu soea H.B.* ..
~Iyil'JICuuexc H.O., Iŗu.nauuc A.IO.*, Ppe« .9. fI.*

Jl areuūcxu ū eocu āapcree utcuū yHueepcurer u.\{. Il . Cr ipcxu , Puea;

* Hncrurur opZaHUlf.eCI>OZO CUHre3a Ar;ade.uuu Hayr; JlareCCP, Puea

Kn:oHIIpoBaa XPOMOCD:\IHbIHrea HHTep.1eHlüIHa-2 xenoaexa il yCTaHOIJ.1caa ayx.reoru.r-
aas rrOCJIC;'l;OBaTe.ThHOCTh 5'-qJJIaaKIJPY1O~ell 06.1aCTII (OT -1940 ;'];0 -936). OOHapy;ncrr0
e:eCKOJThKO yxacrxoa, ID[eromrrx aaa-nrre.rsayro rO~1O.1orllIO C npoxroropaoü OQ.1aCTblO 3TI)-
ro raaa.

I'ysropa.n.aaa pery.::IHUIIH II:'>DlyHHOiI cncr exrsr aaps ry C unpxy.mpyiotn.r-
~m aHTIlTe:la?lIII ocymecrn.raerca C IIOMOID;bIOpaCTBopIDIbIX ?lIeJIIaTUpoB ?lIt'fh-

R:leTO'IHOrO B3au:.\IO,D;errCTBIIR- .l:IDHPOhIIBOB, rpynn sr BemeCTB oe.1hoBoU rrpu-
ponsr C IIIIIpOnIDI cnexrpoxr 6rrO,l:OrII'IeCROII ahTIIBHOCTII. IIHTep.leuhIIE-2

(cPahrop pocra T-.l:II:'>!cP0IIIITOB)HB.l:ReTCRKJIIO'IeBbn! .lmIcP0hIIHmr. ytJ:acny;ü-
IIOD[ B perY.::IRIJ;IIII BbICOKohoHcepBanIBHbIX npoueccoa ;rrrcpcpepemrrrpl}BEII II

rrpo.mrpeparrrrn T-x.rer orc.
Herraaao ūsr.rrr n.l:OHIIpOBaHbI nLIHI-i' [1. .2J, xpoxrocoxraue xormn res a

nrrrep.reūxnaa-? 'Ie.l:OBeha II3 6II6.lIIOTeIüI .1mIcp0IIIITapHOÜ:JHh: B i.gt \"\T:::
[3J. ll3 hOC?lIII;:rHOII6UO.l:lIOTeKII .l:ID!cPoIIIIrapHoü JHh: ?lIeTOJO"I fII~II!.1<JrlFI-

HOiJ:peKo)!6IIHaIIIIII in vivo [4 J. II3 čnč.mor exu n.tane ar apnoii JHh' 3 Bef\-

rope Xaporra 4A [5J, Orrpe.te.re aa no.raa a rrYKleOTIIJBCt51 IIOC.lt'JOB;1Te.lb-

HOCTbrerra. B TO~I 'IIIC.le noc.renoaar e.rsaocrr, 5'- Il :3' -cP.l:aHImpYFOIIIIL\paiin-

Han rena [3. GJ .
IIay-rertne crpyxrypsr x.roanpoaaaaoro XPOMOCl1~IHOr()reH<:1IIHTep.le:i;,·[-

Ha-.2 rr03BO.1II.l:O.l:Oha.lII30BaTb OCHOBITblecPYHI'I.(II()RL1.1bflOBa;f\Hbrt' ;i.lt'~[efii;'[

rrpoxroropa, repxnmaropa. aaxaacepnyro noc.te.rue.rr e.n.noc'r t, II IIIl]YUJI,'l'.lG'
nsrū rnrrep-ryacr arrre.rsusrii h ,]HI-\d3E' I pnriorr [7 -9J, a T;l!,;r,l' A.'::JI: T- II

Alu I-noBTopbr n OtIeHb OTJa:leHIIblX ;:)'- II 3' -tfJ.l<1HhlIPY!0IIIII'\ Ot;.I'1l',;I:-;: [li!].
Perv.taropm.re OO.IL1CTIIJynapIIoTIFleCKIIX rerros ~[O[YT P,IC[IIUaL1Tbl'}[ ii;l

3Ha"II!Te,lbHO~I Pi1CCTOHHlmor TO"IhII lIHIfUIli1UlIII rp.uu-xpurruinr. LI!, '[T,l 1:.1-

Bt'('TllaH I10C.leJ()!l<lTe.1bllOCT1xro.xer OI,:13i1TbCHHe':WCTaT""IrWPt:'IIPl'0t'!fLlTI~:;-

Hoi'[ .r.ur 1!l).IH,'[O UbIHIl.ll'HIIH 130::nW;!,T!bL\per y.trrropuu-, ()(l.lL1CTl'ii [,'Ila ]['1-

rcp.teūt.uua-;'. [((l;lTil~[~' Ir:J i')rro.1HllTl'['J[ reuou 're.l,'n!:'[,;l. 1!(1."l~·'[('[l[I"ii ;; !k':;'

Tapt' \:,q101I!.\. xu.t n.ru.tet..nt 1'.10ll. O()l);J[[,I'IL'III[h[ii \:-'t,-\-rr.T-;:2 I[ l'11~II'P:[\;1Il:1\:!

rro.t nr.nr r er: IlllTl'p.ll'iiI'lllw-2 l' ,)' -1ĻJ.l;Ull,lrpYlllU\lD[ r;lii,i[lil~r. (r;ll;IIIITI'.ll,i['.liI

L1I"I.lll:; Pl'l'TPl[[\lIIfPllllhl\: i.a pr IIIL;I~(l,"]Jll'TClt':IL1Th :11>11;I1J.'IT,' rvu IIIITt';'.: 'II'

l,lITI;1-:2 n 1,.11'11,'\: 1:\-Tr,l;l:2 IDll't'T 1I,111'"")I1.[[,U(l'l'1·\I'~[I'T!;.J l' !"('II,l,\1 1I'!TI';):II"!

),1[11;1-:2.11lllll';llll[(,DI 1\ !';liillT;l.\ r ;l, 7), IldpLI .-,'-IĻ,.Lli!I'll/'\I(lfl[I'I·(l i',Iii"I:.1

('\:i)~{II;1(' tĻ>II.;rl'!('l'I,oii 1\;I[lTI1ii. tll\~-I""):llll\llI;;lIIIIPii IIIII![I[II,I ļ' ļ'(I;WT. [II);, II,' 1:'1-

I1Y:IJl1lIIH Pl'I\Il\[llllll,UITIIl>I\: Il)L1rl)l; \'t'Ti'pl'rt'I"'d Ilil '!l[I'.I~· Y!'I:[-,';lliT,l[:: !'i1l>\:"

TI\I"I', 11TI'~'T,'T,>\-I'T8r/l1llrl'l'l\iiT \pII\'. 1\, ~~.111I)IUI't' ,1,l'lp,"'III'!"ll I,;q'r:\f' ,,1,1-

IlIlH Ijlp;lnll'II,"'[ .i' -,1,.1;1111,11P.\'!t)II[I'rp pdiil11ld (',\'1'1,:11'1111pl'l;;!.11I 1; :I.(;[.;~I:l'

;{t' P [ -( ~I !).

Il 1I;III\I'ii p;!t"lI't' IIP:I!;II~lllTI'Jl 111'111,11'~(aillll,ll' " III'pl:II"III'11 "I';l\';;~·.\:l·

ŗj' ',kLIIII\II P\It'l:ll'I'I' p.uiou.: 1",'11;11IIIrt'p,II'i'l "II ILl:': 'I.'.I''!:I'I;;\. 1, '" '. [;1,'r: :II! :

1111;11\1111rp:lltl'l'l'lllllllll[ 1[[' ['[LII;III'IIIIIIl [. III1(·:II':I"I:;lI','.'II,III',·I'I,i,'. "111"'.1;1';"';,1':

11"1"[;1 p:l""l't' [1','. 11;\\111"I;I:;\l1\';I,I'ILl I'I'T;ll;[,,1 :11\\'\ III ".lt'III'II l.'!;. T [Il. '1 [[,'

:1,,:1;,'111111.,,', :1 '-1.-,: l;pl'.\II' 1'''1"''.1: p;lii""I' "1' -,1.;1;:':- 1" -~L~I;1I;\;t.::,' ,.1

11'1'(')(1'1111'~) :1.1\lI'III'ltlli·l: " 'l".II'I(IIII, " 11['1':1111,11II "111;1 I;"I,·II.\.



4

EH CHEX XBHE

~
E - EcoR!

H - HindI!!

X - Xba!
B - BglI!
Ba - 84ai!
C - ela!

Pac. 1. PeCTpIIRIlUOHHl>Ie xaprsr K.:IOHllpOBaHH1>IX xposrocosrasrx reaes IIHTep.1eUKllHa-2
'IeJIOBeKa: 1 - XO.'l6PYR c coaar. [6]; 2 - Harnaao C COaBT. [10], 3 - ,J;aHHafl pačcra, 4-

CDY~iliaTa c coaar. [3J ITJIIIH;ureilep C COaBT. ,[4]

-1940
-189.0
-1840
-1790
-1740
-1690'
-1640
-1590
-1540
-1490
-1440
-1390
-1340
-1290
- 1240
-1190
-11 40
-1090
- 1040

-990
-940

TT~CATTCTG GAAGGGTAAA GGCCŗGAGT~ ATGATGCTGG GATTAGACAC
TGAAACTCTT TAGAGAAGCA AAACAAGTAl AATAAAGCTG TACiTTATTA
TATTAAATAA ATAACACACA GACTACCAAA TAGCCTGCCC CTTATAACAG
CGTTAATGTG ATTTTGATCT GAAATGTATA GAGACATTTl GCATTTTTTC
GGTATAAAAA GTTCATGAGA TTTGGCCCTA ATCTGGACCT TTTCTTCATT
TTTTTTTCiA CT1GAGGGAC TATAA1CTTl AJITTTAAAT TTGTTTTATA
TTCTCCGAAC ATTACCTAAC GCATAGAAAA CTC/TCiTGA ACCATTTTTC
TCTGT1CTTT GTAAAATATT ACATTTGACT GTTCCTTAGA CTGCTTTAAT
CATiCCTGCC TATGCACCCT CCTCAAAATC CAGTTTAAAT TAATTGTTCC
TTATTCAAGA TTCCTTATAf CCACCTCCCT TGGGGCAGCA AīCACCTATC
ACCCAGGACT ACACTTGTGT ATGTACATAT CTTCCCTATT ACAAATCAGG
TTCTTTGAAA AAATACAAAT GGTAAGAGAG TGGATTTTTG GAGTCAGfAC
ATTCTCTTTT CAAATCCTTC TTCTGCCCCT TACTGGCAAT AAGGGCTGAG
TGACCTAGAG CAAATTACTT AACTTCTCTG AGCCTCAGTT TTCTAATCTG
CAAAATAGGA GCCATCACTT CACAAGTCTG TAAGACTTAT ATTAGACTAA
GrGCCTGCCT GTACACTGTT CTCTTTTCTC īCTTTCTATA TACCTGAAGGCATTATAGGT GCTAGATGTC TGTTTAAAGA CCAGACAATA TTGTCTTAAA
AAAACAAACA AAAACACAGA CAATACCATC TTTAA~AAAA AAAAAAAGTCCAGGTAAGAA ATAAATAAGG CCATAGAATG GAAGCTTTAC AAGGACTCTC
TGTGAGACAG GATCTCCTCA AGTGTCCCCA GGTTAAATTA GAAGTATATA
TCCGT

Pile. :2. HYK11'\)T1CUJaH nur.te.ton.rte.tt.uor rt, 5'-lP:I~\I!;;:[PY[\)LUl'ii l"i.l~lCTII r.-u.t IllITl';':Il'Ü-
KIIIIa-::

ILl pirr. ~ Tal\fl,L' IIpHIlL'.:It'll;l CTPY!\T~'P;l P,ll!t'l' Jill'r!:;llt'l'~lil,!'ll P;lli,)II;l

.)'-'ļU~lH[,llpYI(1[l(,'ii tllJ:I<h'TI[ (o r - r!)l~) J:" - ):~l;:~'> [-,'!i;1 ."1:rrHl"ii ,-,~< 1I\"1'.ll'(}-

r u.tou. Ocuunu.ui ;l,U;l'Tl'ii vt.uun unoru ;111;1:11[;;1 :rr,l["ll [!,tii'lil;l "he:.' !:i''[~['[U('-

IIlH' IHl;\\I<l;I,llhl:\ Pl'l'\':IHTI)PIII>I:\ llll:l;l,'Tt'ii nJ!l;l 1!1!Tt'p.ll'li 1\111/;1-:.2. ,; '!;II' rtll'l'TIII

l'TP~'I\TYP, IlTlll'TI'THL'IlIl[,!X ;;;1 pcrv.ruuu ro Tp~Utl'I,PIIII!IIlIl: 11Pll\[I'f('!-';1 "1;), r cp-
HI[Il,lTopalilB) Il ;)11.\;\ IICt'p;1.

t):(I[!l IU r:lalll/Io!.\ ;).1t'\[('IlTt1B 1'qJ.\lIlII;lr')111)/1 l'III\-lll\,I!l~I1'P;l;~'; II ~ ,'11.11.-

Il,) Hhlpa;!'l'IIIl'<lH l!TllP'I'lil;IH l'TP~'I'T~'r;1. 11[111 ;1u.i.ur.«: I! 111;('[lTlq'(":'llill!./ \ 1/1)-

ItTl)lltll; l'i.I:!I)' 111'i1\;\P,\·;I\I'III) lIl'l'I,t>:!I>!,!) \''1~II'r!'(lj;. ,'11')1""'111.1\ ,'t~;',I.:,\I;i.III<lTf,

(WIIl./I"IIII,iL' ('q)\'I\T~'P['I: ,)1' -l~{;,~ ;(,; -1::'d1 l \(;=-ll.: 1"i,.\.1 \1,11.11.).

I ·',1·' I .)()" i v r: I 1 ., ),)1' - ,,_,1:\,) - _, ,1 \ 1(' =- :".,1 1,1><1,1 \11',11> , 1);' - ',,\"'; .", - 1.: t \ \(;C=
= _11.~1 I\!\il:! '\\1);11.) If Ill' -17'111 ;\t) - J ',1 (_\(; = 111.l 1;:,;1.1 \I'~,:i.i, ::,'.:\1,1;1>\111.

r: 1.111,',III:II('lIllll' '!Iy /ll\ltlllll rqJ.\lllllill(f111 1111/ \'llt,.llDll'P'1.1(.:,

I~ ;\1\;1.\11.:11 p~·'l'\II)ii Iltl(',lt'.~llI:;IT":II.111 11'!'11 11;1.\11\ I 'I'I!,I p\ ;"t'II,' ii,',· :" ',II.t;1l

\.'1;1,'1'1\,,\: :llll\, 11\lI'lllI1(rJ\ 11,'1'10.\\;\ 1\I,I[l;t.I\I'III<\I,' 1·"\lII.I,'rl;I~) ,·1::' \1,'r,'pllo:11
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-921 CC
!CATCTT)-40-iCATAAGI-58-AATTAGAAIGTATATAITCCGTACAATTGTTCAGCCAGTT-TGTGCACTGTACTGAGGATGAATGA L---- ACA TATCCTAAATA ---- TCCTAGTCTTCTG

11111 111111 II 1111\11 lHI I 1111111111 Ill!ICATTnl -8 -ļCATAATI-10-AATTAACA IGTATAAAI TTGCATCTCTTGTTCAAG-AGTTCCCTATCATCTCTTTAATCA --CTACTCACAGTAACCTCAAC--TCCTGCCAC~

11111 l' I _ U~~1 1\1 111\\11111\ \11 1\1 1 \11111 III
[CATAGA] -15~CATTTTI T(lCTGTTCTTT IGTAAAATI ATTTACATTTGAC --TGTTCCTTI\GA-CTCTTTAATCAncCTGCCTATGCACCCT -CCTCA.'\ AATCCAGTTTAAATT

II 1111 I _ U~~11111 G 1 It \11 \\1 1111 III 1111
ICATTTGI-23~CATTCCI-18-AAAATCCA IGTTTAAAI TTAAT----- TGTTCCTTATTCAAG~--- ATTCCTT ATATCCACCT -CCCTTGGGGCAGCAATCACCT ATCACC

1'111, :~, \"lanl;1I !lll!';, 11~\l:lllllllle 1I1,IP"',I,\:lIl1ylll rO~10JlllrlllO c: IIPO~IOTOPIIOii Ofi.llilC:Thltl ruu a 1IIITI'p.llniil(lIllil-~, npll~IOYI'O!lhllll\\l\M\I of)o:l1Ia'lOlll.l :JJWMCIIThl

111"',"11'11'1';1 II 1llllIlllllll'Ylllll~l1i'l 1;())I()I1, III:PTlII(;I.lII,III.I~111 JII1I1I1I1~111 - Y'lill'TI(1I nl~I()JI{)rlll1 l: IIl:TIIIIIII.I~1 1lJ10A(OTOplHl rCIlH uuropneūuuuu-ž

- 1561 -1484 -921 +1

--I-----q--------~~<šš~
1'111', '1, 111'1',11111.1<11;11',111.1"II 11,'111:1"1111.11'ILl ,'111'(1'(1;11\'1'1.1 1'1:' y.u ur« 1'" 1.1\: IlG,'I<ll'l"ll 1'1:lliI IIIITl'I',III'iif(l1l1i1-~, 11l1l'11(),'I1Il\;I'IIIII,Il: II :'i'-II)JlilllliIlPYIOII~oil oūnncru 1'0111\.
"J IJ'lj;il \III 1(1 '.1t;IJ(:I\U ,\11:1'1,'1 II' '1 1 " 1111"1I 1 1 1 II I (I')" ";1 1'" '\ 1 11111111, '1 'IJlIIHIII IlpJI~ IJY"IJ,!II""II("~1 '1'''1 ~IIIIIIlT(lI'I,I, l"I'IIl~,III\"MlI'- 1I[IlIMOTO(ll.1 , :IilIlITPIIXOIll\III1l>IM IIpn.
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ci6JiilCTLJ()i:'~H~i"'HiITepJIeÜKMHa-2.Ha pnc, 3 npnsenensr xersrpe pan oaa,: HMAIO;-

mae 'cx'o1Kyro' nOCJIe~OBareJIbHOcTb. -Bce aTU Y'IaCTKII ]:(H:K ,lIMelOT 6JIH3KYro
no cpaBHe~HIO .. C, cPYHK~HOHaJIbHbIMJI anesrerrrasrrr rrposroropa CTPYKTypy:
TA'FA-'6oKC;":'CAT-6oKC H 'Cap-caii:T. HeCMOTpH Ha nexoropsre pa3JIH'IHJI il
paCCTOHHlllI Mem,I{y TeMH MmI npyrnsrn npaMOTOpHbIM:HCTpyKTypaMH, aHM
paCnOJIOiKeHbI B TeapeTll'leCKII .n:arrYCTlIMbIXP;JIHPHK-rramurepa3bI rrpeneaax.

Ha pHC. 4 npaseneasr perYJIHTOpHbIe aO.'IaCTlI, KaK lI3BeCTHble 1I3 JH:ITepa'-
TypHbIX, HCTO'I:HHKOB,TaK II IIpe)J;IIOJIaraeMbIe BaMIT,xoropsre pacnoaoaceasr B
5' -qmaH1Wpyrom;eM paāone XpOMOCOMHororeaa HHTep.'IeiiKIIHa-2:

3KCnepHMeHTa~LHaH qaCTb

}J,lIH coanaaas reHOMIIOll 6u6.1HorenII 'le.l0Bena ncnorn.aonaaa ,l(H:K H3
aeāxorraron rrepncPepII'IeCKOH KpOBlI lJe.lOBena, B xaxecr ae aexrcpa - cPar Xa-
pOH 4A [11]. 8JIeKTpocPopeTli'IeCROe pa3)J;e.'IeHIIe cppanreHToB ,UHI\, nsrne.re-
nae HX 1I3 rezrrt, KJIOHlIpOBaHlie li xap nrpoaa ane pexoačrruaamszx II.la3:\fII;:J;
rrpOBO~lIJIOCLIIO MerO~HKaM, OIIlIcaHH1IM B KHIITe [12].

IIepBIf'IHaH crpyxrypa n.l0HrrpOBaHHbIX 4)panreHToB 6bUIa onpezte.rena
MeTO}l;OMCearepa [13] Ha )lBYXIJ;errOlJelJHOllxrarpune. AHa.lU3 Hyn.180TII,J;Horr
IIoc.'1e.n:OBaTe~lbHOCTlI5' -dinaaxrrpyrome ā 06JIaCTrr rrpoBo.J;II.ICH Ha Bb[qTIC:III-
TeJIbHOrr :\IaIII1IHe «I'IcKpa-22G» C rrcnonsaoaamrexr rrporpaxrxr ;I.IH očpačor srr
,l(RK, rro.rysenasrx TI3 HHCTIITYTa .\IOJIeny.THpHorr reBeTnRII AH ccep.

MbI rrprraocnxr IICKpeBH:~Ī0 o.1arogapHOCTb B. :\L Eep3IIHIO aa .lI06e3HO
rrpsaocr as.reaauū npenapar ;leÜnOIJ;IITapaoü !IHE Lfe.l0Bena.
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LATVIJAS PSI~ ZlNATŅU AI\ADEM1JAS VES
H3BECTH5I AKAD.EMHH HAYK JIATBHYICKOYl (
1990. - NOl 2 (511). - C. 68-71

YLlK 6

A. A. KaM p a n 3 e, 11. H. 33 C, 3. 3. Il c r pli" 51,
B. P. HHKoJIacB3, 11. O. MyH)I(lll1eKC

PEAKUI15I CHCTEMbI KPOBI1 HA BBELlEHY1E

HMMYHOMOllYJHITOPA - r JlHKOnpOTEY1H ..\ A

fJIHKOnpOTeHH A, npenapar, BbL'leJTeHHblrl Il 041lWeHllblrl HaMIl 113 ~
pOCKOnHtIeCKOrO rpuča pozra Penicillium, 06.13-laCT H\I\1)'llOCTHMYJTHP
ll{HMH H npOTHBoonyxOJICBbIMH CBOHCTBa\fH [5J. O-lI!JKO noxa He 1l3Y41

cro BJHI5IHUeHa pa3.,1H4HbIC 3BeHl>511I\1\I)'llHoro nponccc a Il \fCX3HII3M L
CTBH5LLle.n sto lI.aHHOH pa60TbJ 51Bll.l0Cb ycranos.icnnc B.1115l1l11HIH3CIl.CHII
B opraHH3M }f(HBOTHbIX r.nuxonporeuua ua rn wyc Il rC.1C3CIJKY, Ha KG
tIeCTBO KJIeTOK KpOSU, a TaK)I(C 113Y4CHHe nuporeuuocru npen ap ar a.

B KatIeCTBC 06beKTOB IICC.1CilOBaHH5I ncno.n.aoaa.: rieb r.:r0.:lIlKll (1,'
2,4 Kr) II MblIllH JTIIHIIH CBA Il C57B I (18-20 r), no.ryucunue 113 rnrn
HHKa PH)I(CKOrO MeJlHUHHCKoro IlHCTHTVTa.

KpO.'IIIKaM HI·n:Qa13e_H03HOBI30JW.1Il- L1IrKonpoTCIIH A lIO 0,2.) II~
l\a)l(,1o\1Y. MblwaM HHTpanerHToHea.JJbHO I3B0.1Il.111B3KUIlHyb"OJK (Te
KeHTcKīiŗ1 HHI1 naxuuu II CbIl30pOTOK) - 2,5 \rr/r;Ii, .rcxapuc (<<GedE
Richter» A. O. BP) - 3,0 Mr/Kr, nporicp sur.t (<<Mil Labor ator ics», ,yf'
JIlf5l) - 100 Mr/Kr, 1lIITep.lci1KIIII-2 (1I.n-2. 31-:cnCpill\leHTa.l!JlIblrt aa e
HHCTHiYT3 opraHH4eCKOIO CHIITC3a AH J1c]jTI3CCP) - 500000 e.l./Kr. C
41Ui CblI30POTOtIHbIii a.'lb6yMI-lH (DCA. «SerV3». <!>pr) - 8'ī5 \1r/"r. rJ
KonpOTCHH A - ,2.5, 8,ī5, 12.5 il :10,0 ,\fr/f\r. Kpo\IC roro, 1'1cn 0.'l'I>30(1<1,
'ilHaKTIlBIl[10BJHHblrl lIJrpCl3aIIIIC\( (HO °C, 20 \11(11) r.IIIK()IllrOTCIII' A. Bc
KOllTpO•.l""bl\f )1(11BOTlIbl\1 snO,1r1.11l COOTBcTcTnyilO[1l1Ii',Oi'jl>('\IY 111'l'11;1f)(]T
06bC\1 ep1l3HO.'lOflltICcr:oro pacrnop a.

Iluporenuocrt, r."IIIKOllpOTeIlHJ A on rC.1E.'.15l.1n HJ xpn.tuxax n coo rnc
crane C Tpe60I331111e\1<!>ap\'IJKOnCIl cCCP [31.

L(o Bnenes II51 II 4CPC3 iP JJ IIsre II IITCP [3J:Il>I Bpl' \I,'!! Il [lOC:!C nne.ic III
npenaŗiarou 6[JJJTlI KpOOb ;l.lH fIO.1ClIl'TJ (POP\ll'IIIU;4\ 3.!l'\I'l'IITlJI> h:pO[lll

Put', 1. I3,lI1HUIIl' r,llll,r1l1'll1ilTl:'I'1:1 ,\ 1:1:1'!IIC1,) Il 11,'"(
:{l'I'lK:llIllI,\; h:.l1'TOh: 11 Cl'.1,'1I'11'!,,', f - 1'.'II';,·lIhlii N:\(
J.:1 ":1. :: - ol:,\ 11.5 \1.10. :i.~:ī \Ir xr. :,' - 1':111xou 1:'1
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Ta6J1Hua 1

CO.llEPiKAHH[; 3PHTPOUHTOB H J1EffKOUHTOB B KPOBH MblWEPI
llEPE3 24 4 nOCJIE UBE,lI.EIIH5I nPEnAPATOU

Kun-uu KnCTUK D I.MKn KpUüH

īlpenapur. l103a CBA C57BI

3p 10· J1ey 103 3D lO" J1ey la'

1. 0,9%-Hb/l1 NaCI 1,19--0,25 9,35-0,57 1,3--0,1 10,5-0,4
2. uCA, 8,75 Mr/Kr 0,9-0,1 9,0-0,5
3. fJJIIKOnpOrc1I1I A, 8,75 Mr/Kr 0,9-0,1 7,9-0,5
4, fJJHKOnpOTclI1I A, 12.5 Mr/Kr 1,24--0,07 9,67-1,42
5. !lchapllc, :.3,0Mr/lt,r l,J 4-0,06 J5,~O-I,75
6, Il PODCpMIlJ1, 100 Mr/Kr 1,12-0,11 9,40-1,06
7. 5U)f(, 2.5 Mr/Kr 1,21-0,10 7,95-0,76
8, YIJl-2, 500000 C;J../Kr 1,38-0,01 6,35-0.30

J1CHKOUHT3PHOH cļJOpMyJlbl. 4CPC3 12 H 24 4 noc.ne BBe,.1CIlH51 Mblwa~1 DCA
H r.uuconporeuua A onpeaenanu HHneKCbl THMyca H ceneaeutcu, a r axxce
KOJlH4eCTBO ~uJtOcOJlep/Kall.lHX KJJeTOK B CC.l1e3eHKe. <Pop~leHHble 3J1eMeHTbl

KpOBII C411TaJll1 Ha «Picosca le (BP) ».
3Kcllep11MeHT3J1bHYIO rpynny )/01BOTHbIX COCT3S.'JHJIH 3 KpOJlHKa H 6-

10 Mblwei1. Pe3YJIbTaTbl 06pa6aTb1B3J1H CTaTHCTH4eCKH.

OOJlY4cHHb/e nanuue CBll.1eTeJlbCTBYIOT, LITO r.nuxonporeuu A cyuiecr-
BCflIlO HC H3MCHHCT IIHIlCKCbl ce.neaerucu II THMyca, HO yveru.uiae r KO.1H-

4CCTBO ~L1pOCO~lep)KalllI1X K.leTOK B CeJ1C3CIIKe 4epc3 12 4 nocn e BBe;leHli51

upcnap ara (puc. 1). 4HCJIO HJ.poco~lep)K3111HX K.leTOK yvem.uraerca TaIC+,C

nocne BBe.leHIfH 5CA. KaK lf3BCCTHO, y6bl.l1b K,;lCTOK B ceneaenxe npoucxo-
~1HT B nep aue 24 II B OTBeT Ha neācr eue paauocčp aausrx p as.apa acare-

Jlerl [1].
Y MblWCH J1HHIIII C57Bl noc.ie BSe..1eHI1H r.urxonporeuua A yvieusura-

E.'Te51co.iepxca HHe B KpOBfI .rleHKoUHTOB H 3pHTpOUHTOB (T<l6JI. 1). Y~ICHb-

WCHHe KO.1HLIeeTBa J1eHKOUHTOB MO)KHO OO'bHeHlITb pexpyruposanuev IiX B

~leCTO HH'bCKUIIII lIY}Kcpo;lIloro če.ixa, a npll411Hy lIC4C3HOBeHHH 3pHTpOUH-

TOl3 ua.io euie nccnenoaa rs.

Onuaxo TaKHe 60JlhWIIC ..103bi rvnnconporeuua A (8,75 II 12,5 ~Ir/Kr)

B axcnepuxreur ax 06bl4IIO He HcnO,;'Jb30BaJ1l1Cb, a npu BBC;lCHI1I1 .103, crn-

~IYJlllrYlOmllx IIMMYIIHblti· OTBCT, HIIKaKlIX n0604HblX HB.1elIflii lie Ha6.11O-

.ia.rocu.
Y,\ICIII>IUCIIIIC KO.'J1I4CCTl3a .'ICliKOUIITOO 1136.11O;13CTC5I TJI-:J/\C v :'.lblwerl

:111111111CBA 1I0eJle UBC;lCHI1H 5U>K II lIJ1-2, J KO.'III'ICCTBJ 3PllTP0U!ITOB -

IIOC.'IC ane.ienus .texapuca II nponepvu.ta. llcl\JpHC Bb[3bIBaCT cyurecr seu-
lloe YBe.1J1'1eIlJlC xo.au-recrua .1CliKOUIITOB B KpOBI!.

B 3KCnCpll\ICIITJX na «po.ruxax yeTaHos.1CIIO, 4TO f.'IIIKOnpOTClIH A
IlJ\ICIIHt:'T .'ICliKOUIITarIlYIO (POp~ly.1Y KrOBII (pile. 2) - Y~ICflbIUJeT upe-
llClITIlOC CO.1Cp/l\aIlIlC J111:\ICPOUIITOlJ II yuc.uruuuacr co.reŗixcnuuc IICC8.lU30-

3111(()(ļJII.IOB (11:111 IICliTPlHpll.108) [2]. Caxu.re 60.1iJWIIC IIJ~ICIlCIIIIH lIa6.110-

;WIOTL'H IIp" uac.rcnuu 3,5 :\11" npcnap arn lJ ncpnuc 6 li nOL:IC [IHbl'KUIIII -

lICCB.1n30JlfIl0(PII.lbl COCT3B.'IHIOT 60-65,% OT 8Cl'X .1ciil,;üUIITOB. 3epepl'KT

>lB:I51eTCH .1030JJBIIC!l~lbr~1 - 4epeJ 6 4 11OLlt' OBCJ.l.'lilf51 0,:25 ~lr lIPCflJpJTJ

IlCeB;t0"30JllllOlPII.'lbl COCTaB.1HIOT 35,5% OT nce x .lClh;oU1ITOB. Flpu 3TO\1

IIJMClIClIlIH no.i A.lIfHlllfe:\1 llJTIfBHOro r.11l1\OllpOTCJIIIJ A 60.1ce npo.io.i»;n-

TC.11>lIbll" lIC.\1 IIlU n,;'IIIHIIIIl'\I n ua xrunnponn nnnro Floc.u- IlplDIl'lll'lI[f>J 1111-

:11\TIIl3l1POU;JllflOrO npcnup aru .rcūxounrapua» <ļJOP:\IY.'IJ HOPI\IJ.'IIUYCTCH JJ

l~ li. J 1l:1TIIUIIO!"O - TO:lbI\O Ja :2-l--l8 II.

:\ Il a.ior nu II bI II II CIITPO<ļJ11:1b li bi rl .1cr11\OU11TOJ, 11pO.10.'J ;>J'; J 10uru ill' >J OI\O.ll)

1 ~ '1, "/lIl'le:\1 co JIIJlIIITC:lbllhf\l >UL'fHlbll\l CJ.l311r()~1 8:Il'BO, 13 CTOPOII\' vio-
:10;1[,1.'\ (pn P1'.1 (1I:\ :10 li !';()\Ul'P Il uc .'ll'll icoiurr bi COCTa [\.'1>IlOT OKO.'lO 30, % ) .
II;\O:IIO:l:Jl'Tl'\1 v \Iblllll'i'l IllJL'.ll' !lIIYTfl1f()pIOIIIIIIlIlI)I-O BIW:tl'IIII>1 r.mxonpo r«

1111:1.-\ (LJ().!. ~). CO:tL'P;l\:llllll' IlI'i'ITfllllpll.'lnl! \"JW:IIIllIIIl:lKH T:ll';f1":l'"!.l'h:111111·,

l L'I-;'. GU'!, II II 1l~'OP:ll>llj()ii \1L'PI' - Ill)nIIl'pl\III;1. ŗ\)IJTlJl'rCTl3CIIII\) uouu
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~aCbl rocxe fl6eaeHUR npenopamo~ 4acbl nOCAe ~BeoeHuA npeno pol'l"C6

Puc. 2. 113MclIclllle npoueurnor o conep scaaas nCeB!l.O~03HHO<PHJlOB (A) Il JlHMepOUHTOB

(6) B K[JODlI K[JOJlHKOB IIOCJJe BDC!l.eHHSI r.'1HKOnpOTeIlH1 A. J - H3THBH b/H r JlHKOnpOTeHH

A 3,5 Mr, 2 - H/faKTHBHpOB3I1Hb/H rJlIIKOnpOTeHH A 3,5 Mr, 3 - HaTHBHb/H rJlHKOnpOTeHH

A 0,25 Mr; 4 - cļ>H3HOJlOrlllICcKHH pacraop

)KaeTCH conepacauue JlHMepOUHTOB, Ilpouearaoe coaepacauue npyrux Jlei1-
xouunoa CyW.eCTBCHHO He MeHHeTCH.

Ilepopaasuoe aacncnue Mb1WaM JlHHHH CBA H C57BI o-rauiesuoro r.1H-
iccnporeuna A H 3KCTpaKTa rpuča, conepzcaurero r JlHKOnpOTeHH A, B ,J03ax
5, 10, 15 H 35 Mr/Kr B Te4eHHe 24 li He BbI3bIBaeT cyw.eCTBeHHb1X H3~1eHeHHH
B JICHKOUIITapHOH epopMyJ1e KpOBH.

f.'1I1KOnpOTeHH A, KaK HaTHBHbIH, TaK li HHaKTHBHpOBaHHb1H, 06.1a.JaeT
rIlIpOreHHblM jle(ICTBUe\1 (pHC. 3), MaKCHMaJ1bHOe aup a xcenue xoroporo
uaūmo.iaercs xepes 1',5-3 1./H 33KaHI./HBaeTC5l xcpea 6 li noc.ie BBe:reHHH
nperrapara. KaK H3BeCTHO, 3K30reHHblMH nnporenav» HB.1HlOTCH 3H.10TOK-
CHHbl rpaaorpuuare.n.nux čaxrepuü, 3 3H,:I,OreHHble nuporeau očpaayrorca
1[ BblCB060iK;l.3IOTC5l 113 ueūrpodiu.u.uux rpaHyJ10UHTOB H .llPYrI!X K.rIeTOK
reTllKy.l03H.llOTeJlHa.lbHoH ClICTe,\lbI [4].

MO)KHO llPCJ.f10J10)KIITb, tITO S OTseT Ha Jl.ef1CT8He r~lHKonpOTeHH3 A,
TJK )Ke KaK H 'Ha npyrne paanp axorrenn, BHa1./3.1e pa3BIl8alOTCH aecrreuu-

T 36 .ll! U3 2

lJ.1H5HHIEnPEIL\PATOB IL\ JH:nKOUHTAPHYIü C:»OP.\\YJ1YKPOBH ,\\bIWEIl J1HWII1 CB..\"

Flpcn ap a r
4 nOC.1e

.'lHMq>UUHībIanea. naaoxxo- 'cer xearo-
lI.!lCPHblC JuepHble

6 4.5-1.6 2.0-1,2 92.S-U.S
12 Il.u-3.3 6.8-2,7 SO.U-S ..ļ
24 2.0-J.-ļ 0.5---0,5 97.5-1,5
.ļ~ 10,0-2,4 2.0-0,7 S8.U-2,7

ci 6A-~,4 3.8-3,1 S:-,6-5,U
12 12,5--3,1 II,S-I,4 :5.3-1.;-
2·ļ 6.5-2,9 -t.3-1,7 S9,U-t,7

2-t 8,0-2,1 8.3-1,7 83,:--3.l1
IS 4.3-0,9 0,7-0,7 95.u- I.S

tj 30,3-9.5 5,5-2,1 6-t.l)-Il1,ī
12 9.3-1.·1 6,2-2,1 S 1.S-1.S
21 6.7-2,1 :2,li-I.8 I)O,3-J.5
4S -t,7-I,-t 2,3-1,1 92,5-1,S

12 5.2-1,4 3.li-2.2 9l\8-3.8
2·1 Iti.l)--t.l1 1,5-1,5 S~.5-~.5
·18 2l1.·1-3.5 7,1-2.1 7l1,l)-5.3

ti 211,ti-li.li 5.11-J.1 ;·l,-!-9,G
21 13.LJ-O.li 5.0- 1.2 iS.:-1.~)
IS lt),J--2.G 0,3-2) 7S,~-0· !

HcIlTpOq>II.1bl

[ llh)i1I'[HIII:1

r:llllüJllllllTl'llll .\

GLP!\

" lie- '·I,.I.UII" (ll.ll'I'ih.IIIIIL' )l1.i1llllhI1l1.'l0tl, (J;UIJl!lIl:lll11 Il siouou urun.
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Puc. 3. nllporeHHoe .leikTBll~ r.ur-
xonporeuaa A. A - qJIlJlIo:lOrI14ec-

hlll! pacrnop, 5 -.: IIJTlI3HlJIIl r.nr-
xonpor eus A. B - IIHJl\TlI3I1POB<:\H-

IlWll r.uuconporeuu A
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YOCbl

cļJ1I4CCKHe H3~leHeHU51, CB513aHHble C HelhpoqJl1011bHbI:\1 :ICI"u-:OUlIT030\[ II Bbi·

CBo6o)KLl.eHHeM H3 rpauynouuron nuporeuoe.
Yf3BecTHo, 4TO 60.1bWIlHCTBO K.1CTOK II xro.ncxy.t. Y4aCTl3YIOW\lX 13 3J-

\UIITC opruuuaa a. UOU:ICKJIOTCH II B BOClla:IIITCJILIIYlO pcaxuruo, [1 13.lI\l.\lYll-

Il bi II OTBCT. CIlCTCMJ no.'11I:\IOp<p1I05U.CPIIWX :ICIIIWUIIT08. II<l41IlfaCl:;lCIll'T-

DOBaTb Y)KC Ha JIC[H30 ii diaae OT8CT3 II o6CClle4118aCT T(~CIIYIO C[JH3b

mlMYIlHTcTa C peaxuueū nocna.tcuun .• \\mKHo C.le.13Tb 3JK.lI0IICllIlC. 4TO
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Summary. The raf repressor negatively regulates the
transcription of the raf operon which encodes functions
required for the uptake and hydrolysis of raffinose in
Escherichia coli, Overexpression of the repressor gene
under lac promoter controlled ro the formation of inclu-
sion bodies. These were partiaily purified by centrifuga-
tion, solubilized in 0.1 % SDS and reactivated by dilu-
tion, DNase 1 protection and gel retardation experiments
demonstrated the specific binding of raf repressor to
DNA fragments that contained the previously identified
raf operator, an element comprising two 18 bp palin-
dromic nucleotide seq uences that flank the - 35 raf pro-
moter box. By using ONA fragments with one, two,
or four copies of the 18 bp palindrome. these experi-
rnents revealed concentration dependent. successive oc-
cupation of all available binding sites by raf repressor.
Melibiose released the repressor from the operator com-
plexes, whereas raffinose and other z-galactosides did
not. indicating that melibiose is the actual inducer in
vivo. We suggest that successive occupation by repressor
of two strategically Iocated operator sites is u specitīc
type of stepwise down-regulation of gene expression in
response to repressor concentration.

Key words: raf operon - rat reprcssor - Gel returdation
anulysis - Footpriruing - !\Iulliple opaawr siles

Introduction

The efficicncv ar transcription rcgul.uion hy reprcssor
rroreins is dctcrrnincd hy .u least 1 hree par.unctcrs : ( 1)
II1L'precisc recognition llr a p.rrticul.u' opcr.uor [)~:\
-;CL]llCl1CC:(~) the rcl.uivc position llr the opcr.uor within

()'I;''IIII rcqucst» 'o' R, S-:11111I11

11 /),°("-'"('111 .ui.ircss. l.,I\\ rcncc livcuuorc ~.1I1~'1l;l! I ~tl"'Ll(~)r!, l.i-
1 ,'!-l1hlr.:, l ';IIi!'.. [IS,'\
tl. /"'1'-'"('/1/ d.il/r,','".' 1:~11.:1I1l\ "r' lļh,I,,~\', 1), S(~h.:~~1 Lu vi.m Sl~IIL'

1"111,'1""" Ri~;1. 1,'11",111 s"SI~, L'SSI~--

the promoter sequence: and (3) the existence of second-
ary operator sites at sorne distance frorn the prornoter.

The well-studied operator-repressor systems are
based on specifie interactions berween a palindromic
ONA sequence and an alpha-helix which reccgnizes de-
tails of the major groove of the syrnmetrical operator
D-:\A, This recognition helix is pan ar a helix-turn-helix
motif that was first identified in phage lambda Cro pro-
tein (Ohlendorf et al. 1982), but sirnilar structures have
since been found and irnplicated in ahe binding reactioris
of other repressors and related proteins (reviewed by
Pabo and Sauer 1984).

Studies of variaus prornoter operator cornbinations
have shown that in addition to R0iA polyrnerase-pro-
moter interactions. the position of an operator within
the prornoter sequence dramatically affects the degree
of occupancy of the operator by its repressor, which
ultirnutely defines the efficiency of repression l Lmzer
and Bujard 1988)_ Accordingly. an oper.uor loc.ned be-
tween the - 10 and - 35 prornorer boxes all"\\5 a l11 uch
tighrer control thun operators loc.ued .idjaccnt !L). but
either upstreurn or downstreum l)t" the prornorer. In re-
cent years. additional operutor sequences at cunsidcr.rblc
distances trorn the prornoter have been ideruificd In var-
ious regul.uory systerns ot' Esvhcriclu« coi! .md iound
ILl he esscntial tor the correct rcgul.uion L)I' gcnc cx prcs-
sion l Fritz CI ai. IL)~3: lr.uii et ai. I ,)S.~: Dunn ct ;11.

I % ..ļ: Tuggfe and Fuchs 1tlS(,: Va lcnrin-Hanscn et ul.
19S1'1. In the lcu: system. ;l second ,1pera[l)I'I"L':IICd with-
in the coding rcgion of the lacZ gene 11;ISbccn implic.ucd
in dctcrmining the dcgrce of rcprcssron (EISI11;ll1l1et :11.
l,lS-), The tctrumcric iu« rcprcssor is [h,'ughl t. bind
ILl two operators. thcrcbv inducinc the irucrv cuiuc D~:\
III rorm a loop ŗ Kr.imcr 'et ;11. I ,)~':.)_ -

The r:lnillllSC (ra!) rcgul.uor-, S~SI~'l11IlU\ c'\f'I"11 SL'\-
cr.i! mcch.misms III control gcnc cxprcssion, Thrcc r.tt
structur.il gcncs are 1I11Lkrthe nL'g:III\L' c('I1[I\,l ,'1';\ rL'-
prcssor. which cx hihus all :\-[erl11ill;11 11~'I:\-llII'l1-I1L'II\
motit' ill IIS clcrivcd prun.u, <t ruct urc l:\~I.II\ldl~ C'[ :11.
I,)~q- :\';/;ll1ldis .uul Scluuiu \')')l)), Ihc r.u 1''-'~'I'L'ss,'r
h:\s [hL' 1"'lL'IlII;t1 1,1I','ml tctr.uncr-. 111\ Iir,', 'lIggc'~tll1g
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that it may interact with two operators in vivo (Jaenicke
et al. 1990). Cloning and repressor titration in vivo has
confined the raf operator to two nearly identical 18 bp
palindrornic DNA sequenees tbat flank the - 35 box
oftbe rafpromoter (Aslanidis and Schrnitt 1990). How-
ever, on the basis of these experiments it eould not be
decided whether the two adjacent operator sites (sepa-
rated by only 3 bp) are occupied simultaneously or sue-
cessively and whether bound repressor moleeules inter-
aet with eaeh other.

In this study we have, therefore, analyzed the binding
of isolated, active raf repressor to operator DNA in vi-
tro. Footprinting experiments confirmed the al1oeation
of the 18 bp palindromes to operator sites and gel retar-
dation revealed suceessive oeeupation of the se sites by
different repressor molecules.

Materials and methods

Chemieals and enzymes. [32PJDeoxyribonucleotides (.$
3000 Ci/mmol) were obtained from Amersham Buchler
(Braunschweig, FRG), melibiitol was obtained by sodi-
um borohydride reduction of melibiose (French et aI.
1953) and galactinol was a gift from L. Lehle (University
of Regensburg). Restriction endonucleases and other en-
zymes were obtained from Boehringer (Mannheim.
FRG), New England Biolabs (Beverly, USA) and Phar-
macia (Freiburg. FRG) and were used as recommended
by the manufacturers. A sequencing kit from DuPont
de Nemours (Dreieich, FRG) was used for chemical
DNA sequence analysis (Maxam and Gilbert 1980).

Bacterial strains and plasmids. E. coli JM 109 rec...J.1
eruiAt gyrA96 thi-I hsdR17 supE44 reiA! Aŗ lac pro) F
(raD36 pro All lacl" lacZAM15 (Yanisch-Perron et aI.
1985) was used as host for the overexpression of raj"
repressor. Plasmids were constructed accordinz to stan-
dard procedures (Maniatis et aI. 1982). pRU647 carries
the 13 kb HindIII-ScaI frazment that includes mIR
(Fig. 1) inserted in pUC8 CVieira and Messing 1982):
pRU98"ļ contains this sesment as a 1.3 kb Hil1dIII-B(/III-
HI fragrnenr from pRU647 (Fig. 1) cloned in pUC13
(Yanisch-Perron et aI. 1985). The two plasrnids ditfer
in the relative polarities of PI",' and rutR, which are in
oppositc orientutions in pRU647 and tandernly urrungcd
in pRU98"ļ (Fig. 2). A set of plasmids containing ditfer-
ent cornbinutions of the oper.uor sites, 01 and 0:- were
obtained as 1",)II,)\\"s(sce Fig. Il. The 170 bp PSII I"r;lg-
ment (010:: pRU6"ļ.5). the adjacent I~~ bp Pst) I"r;l~-
ment (JO: pRU6..ļf». the.ļ.ļ bp SaJl3A tr.rgmcnt (°10::
pRUlJ52) and two tundern S(/1I3A fra~ll1cnts
(010,0\0:: pRLrI31f» were ligatcd int o the PstI ,H

BalllHI siles "f rUCS. 01 and 0, \VL'l"C serar;l1ed by
cloning the IOS bp .ülIl-Hindlll tr.igmcnt (t\:
pRU1315) and the 9101' .·hlll-E,·oRI l'r;lgll1~'1l1(0,:
pRUI.~I"ļ) ,)I'rRUo4) into the . Ie, 1 Hilldl!1 and .kcl
f,'(>RI sitos, rcspccrivcly. l)1" pUC 13.

Or,rl'l"o,{III'li'l/l <111,1 is"/<lrioll (I( th« 1';11' 1",'!'I"I'SS, '1". C~'lls
,li' F. (",>!i .Il\llll')!I)RlllJS4) wcrc ~rl'\\1l "\L'l"Iu;.:lll .11

37° C in Luria Broth without glucose, supplemented
with ampieillin (100 ug/ml) and IPTG (1 rnM). Celis
were harvested and either extraeted by boiling for 10 min
in butTer (50 mM TRIS-HCI pH 6.8, 1% SDS, 1% mer-
captoethanol, 2 mM EDT A) for gel electrophoresis 01'

resuspended in 25 mM TRIS-HCl pH 8, 50 mM NaCI,
1 mM EDTA (approx. 3 x 1011 cells/rnl) for repressor
isolation as follows. Lysozyme was added to a final con-
centration of 0.25 rng/rnl and, after 30 min on ice, the
cells were desrupted using a French press. The lysate
was adjusted to 2% Triton X100, 0.5 M NaCl, 40 mM
TRIS-HCl pH 6.5, 8 mM EDT A, and was hornozenized
with an Ultra- Turrax dispersing tool 125 (IKA -Labor-
technik, Staufen, FRG). The homogenate was kept at
4° C with gentle shaking for 30 min. Inclusion bodies
were sedimented (Sorvall centrifuge, 25000 x g, 45 min).
adjusted to the previous volume by the addition of
100 mM TRIS-HCl pH 6.5, 20 mM EDT A and homoge-
nized again. The centrifugation-homogenization steps
were repeated three times. The final sedirnerit was ho-
mogenized in an equal volume of 25 rnM TRIS-HCl
pH 8, 50 mM NaCl. 1 mM EDTA, 0.1 % SDS and was
kept overnight at 4° C. After centrifugation (40000 x g.
15 min). the supernatant containing the repressor was
stored at 4° C. Solubilization in the presence of 0.1 ~iO
SDS was repeated unti! the sediment was cornpletely
dissolved. Functional repressor was recovered from this
solution (stored at 4° C) over a period of at least
3 months. The amino-terminal peptide sequence of the
solubilized repressor protein was determined on an Ap-
plied Biosysterns 470A. gas-phase protein sequencer.

Fragments for retardation gels. Plasmids containing the
operator sites were digested with EcoRI-HilldIII and
J'end-Iabelled with xe"'PjdA TP and the Klenow īrag-
ment of DNA polyrnerase 1. For DNase 1 prorection ex-
perirnents. the EcoRI-PsrI ,.(~/O - tragment trorn
pRU98"ļ was 3'end-labelled as above and gel purified
on 5%-10°0 polyacrylurnide.

Cel electrophoresis. Gel returdation analyses were per-
torrned essentially as described by Fried and Crother,
(198 1) and by Gurner and Revzin (191' 1). D :-";.4, fr;I~-
rnents to be tested were 3'.:nd-labelkd and were purified
on polyacrylamidc gels (Mnruuns et ul. 1l)~2) . Approxi-
nuuelvf trnol of the D~.4.. tragment otintcrcst \\;lS incu-
b.ued in binding buttcr with one-tcnrh volumc ,'t' r.rt
repressor dilutcd trom stl)ek solution in lL1m\1 TRIS-
Hel pH S. 1 m M EDT.-\ 1,) tcnfold the desucd titul
concentr.uion. :\ modified binding hUITa (Ri~g~ e: .rl.
lIn)) contuining ro ml\l TRIS-HCl rH s. Il) m\l I(CI.
I m\1 EDTA. lO Ill;".l DTT. 50 P~ mi 13S.-\ \\';IS uscd.
unlcss st.ued orhcrwisc .. -vttcr 111l11in.u rl),'111rcrupcr.r-
turc, 1 it! t)f )()"" gIY~'erol 111 binding bu/kr \\i[!l tl.L1t>" "
bromphcnol bluc .uul O.t)(,"" xylcuc L'~;llh)[ \\;IS .iddcd
P,)I\;I~T\l.unidc gcb (~ " - ~'111:1 111111thick : ~"" ;l~'['\ Lt-
nudc: bi";I~T~lal1lide. 3S~) III 4:' 111\1 TRIS-l',)r:I[~'.
1.5 m\1 EDT:\ pH S.3 wcrc prc-run 1',,1' .;tlmil1 ;I[ -Il \.
;11 r",lm tcrnpcr.uurc. \\hl:11 the ,ampk:- h;ld b~"'11
lo.idcd. clcct ropliorcsi-, \\;IS r~Tt','rl1ll'd lllhkr lh~' S;lmL'

'·"lldi[II'Il'. t hc dur.u ion ,kr~'llding "Il [h,-' k'l1g[!ls ,'lo
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the respective fragments. After electrophoresis. the gel
was covered with Saranwrap and auroradiographed at
4° C on Wicor XRP film.

DNase 1protection experiment s. The assay used for foot-
printing was a modification of published procedures
(Craig and Nash 198..ļ; Brown et al. 1988). For the bind-
ing reaction. the 3'end-label1ed DNA fragment (about
10 fmol) was dissolved in 20 ul binding buffer and mixed
with various amounts of raf repressor (0-300 ng). The
mixtures were incubated at 20° C for 10 min. One rnicro-
liter of DNase 1 solution (either 250 ngml ar 750 ng/rnl)
was added to the appropriate rnixtures and. after 5 and
2 min. respectively. digestion was stopped by addition
of20 III of 100 mM EDTA. 600 mM ammonium acetate
and 20 ilg/mi sonicated herring sperm Di\"A. The DNA
in the reaction mixtures was ethunol precipitated.
washed in 70°'0 erhanol. vacuurn dried and redissolved
in 5 ļlI loading butfer (80°0 forrnamide. 1 mM EDT A.
0.1% xy'ene cyanol and brornphenol blue), Afrer incuba-
tion at 90° C for 10 min. sam pies were analyzed by elec-
trophoresis in a 6°0 potyucrylarnide gel in 90 rnivl TRIS-
borate pH 8.5. 2.5 111\[ EDTA. 7 M urea.

Results

Orcrcxpression (/lId rc-uctirution or raf rvprcssnr

The mIR gcne. 1)11 a 13 kb Himjll!-S,'(/l fragIII L'Il1
(Fi!!. 1). was C1111h:d11<:\[ (\.1 [he 1(/1' rr111l1l1[Cr (PI .•.) 01'
rUC~ and pUt.' 13 (Vicir., and i\lcssillg Il)S~: Yanisch-
Pcrron et al. llJS:'i) ill the ··11l111-~·\rr.:ssiI111", l1e;IU-(\.)-
head Ļonlī~ur~llil1n lpRL:()·ļ7) .uu! ill the ., high-cxprcs-
sion ", head-to-rail ~·l111tī~llr~111\.11l(pRL')~,ļ: Fi~. ~.'\l.
\\'hen (ransl"l)r1ll~\Ilh ,,1" 1:". co]! J \1 Il)') wcrc gl"l)\\"ll in
the prcscncc ,)I' imluccr t I 111\1 II)Te,) ~Illd t hcir ~'L'l1~'\-
!r;IC[S ;ln;i1\I.L'd b.\ sns g~'1 elcclrl1plll)r~·sls. ;1 prouuucnt
new protcin b;ll1ll ,)1";lp!';lrL'nl \Iŗ 'ļlllhHl (;111l1 .1 nuuor
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Fig. l. Portion of the raf operon with
repressor (rafR) and z-galactosidase
(rajA) genes and the regulatory region
containing the promoter (P) and
operator (0). The promoter (-10. - 35)
and two purative operator sequences (0,
and °2: syrnrnetry centres marked b~
dots) are shown on expanded scales.
Sequence numbering according to
Aslanidis and Schrnitt (1990). Resrricrion
siles delimiring fragments used for
repressor binding are indicared
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Fig. Z.\ and B. Ovcrcxprc-sion l'( l....k'llh ...d r.tt rĻ·l'r ...·;-\-,\'r. \ }\,-'\,.:\'I11·
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band probably resulting from partial degradation of the
protein) was seen in extracts of JM109/pRU984
(Fig. 2B, lane b) but not in extracts of JM109/pRU647
(Fig. 2B, lane a). The location of the new band was con-
sistent with the expected Mr 36700 of monomeric raf
repressor, derived from the nucleotide sequence (Aslani-
dis and Schmitt 1990). The overexpressed repressor pro-
tein, arnounting to cao 15% oftotal cell protein, accumu-
lated as proteinaceous granules (inclusion bodies), visi-
ble by light and electron microscopy (not shown). After
isolation and partial purification by repeated low speed
centrifugation, these contained over 70% repressor pro-
tein as judged by electrophoresis (Fig. 2B, Jane c). The
N-terminal sequence of this protein, H2N-ser-leu-lys-
ala-ile-ala-thr-thr, conforms to that predicted from the
ONA sequence (Aslanidis and Schrnitt 1990), except that
it lacks the first methionine residue. The removal of N-
terminal methionine by post-translational processing
(Sherman et al. J 984) obviously does not prevent the
specific binding of repressor to operator ONA (see be-
low), although the crucial helix-turn-helix motif is Iocat-
ed at the arnino-terrninus (Aslanidis and Schmitt 1990).

Only one of the several methods tested led to recon-
stitution of active repressor from inclusion bodies. This
involved solubilization of isolated inclusion bodies by
homogenization in the presence of 0.1 % SOS and subse-
quent dilution to 0.015% SOS or less. At this concentra-
tion the detergent no longer interfered with the specific
binding of repressor to operator ONA (see below). On
the other hand. solubilization in 0.3% SOS irreversibiy
inactivated the repressor protein.

Raf repressor binds successicely
to operator sites in vitro

Electrophoresis in dilute non-denaturing polyacrylamide
gels (Fried and Crothers 1981; Garner and Revzin 1981)
was used to study the interaction of raf repressor with
linear ONA fragments carrying one. two, or four palin-
dromic raf operutor sites. Preliminary experirnents indi-
cated that bivalent cations. such as Mg>. Ca 2 ", Ba 2 +

or Mn ' ", interfere with and DTT prornotes the binding
of raf repressor to operator DN:\.. Therefore. subse-
quent experirnents were performed with a modified bind-
ing buffer (Riggs et ul. 1970) containing 1 mM EOT.o\.
and 10 mM OTT. but no tvlg> (Materials and meth-
ods).

Figure 3 shows the electrophoretic behavior of the
170 bp Pst! trngment of pRU6"ļ5 contuining the nutivc
operator (Fig. 1). in the presence (l.ines b-d) and in the
ubscnce (lunc a) 0'· incrcusing arnourus of raj" reprcssor.
Two rcturdcd bunds are observed. onc of iruerrncdi.uc
mobility at low rcpressor concentrations (l.mcs b. L:) and
the oi hcr of slowcr mobility at high rcpressor conccutrn-
rion (lanc d). Wc suggcst thut this p.utcru rcsults I'WIl1

the succcssivc bindillg ot' rwo molcculcs l)/· ihc raj" rcprcs-
sor to l\\"t) opcr.uor sitcs, O. and ():- Two coutrol-, ill-

c1udl:d in Fig. 3 confirm t hc spL:ciIīL:i[y ,lI" [ilL: rcprcssor
opcr.i tor intcruction ill the in vitro system uscd. First.
t hc c!t.'\.·trllphtlrctlc 1l1ll01lily ,lI' the ··,'pt.TatlH-t"r\.'c··

pRU645 pRU646

~ --/~

m r
0 3 10 30 30 30 0 30 ng

.. •.:1 r ••

••• I .-lit •

RatR

- Z835

- 434

- 199

bp

abc detghM
Fig. 3. Titration of DNA fragments containing the raf operator
with raf repressor. The raļO,02 fragment (199 bp) of pRU645
(Ianes a-f) and the IJrafO fragment (212 bp) of pRU646 t lanes g.
h) were produced by digestion with EcoRI and HindII!. 3' end-
labelIed and gel purilīed. About 15 fmol of fragment Df\."A were
incubated with the indicated amounts of the raf repressor. Lanes e
and f, 5 mM melibiose (rn] and 5 rnM raffinose (r l. respectively.
were added to the incubation mixture before digestion. Lane M.
size markers

182 bp PstI fragrnent of pRU646 was not altered in the
presence of rafrepressor (Fig. 3. lanes g. h). Second. the
addition of 5 mM melibiose (an in vivo inducer of the
raf operon) to the binding reaction prevented the forma-
tion of a raf repressor-rc/' operator cornplex (Fig. 3.
la ne eJ. On the other hand. 5 mM raffinose (the other
in vivo inducer) did not prevent cornplex formation
(Fig. 3. lane f), These results imply a specific interaction
between melibiose. but not raffinose. and raj" repressor.
This indicates that rnelibiose is the actual inducer of
the raf operon. whereas raffinose rnust be processed in
vivo prior to induction. Other :t-galaclosides. such as
melibii tai (gl tici rol-Lč- z-n-galactoside). galactino I
(myoinositol-x-n-galactoside), and p-nilrophenyl-x-D-
gaiactoside or o-gaiactose itselt' did not iruerrere \\i[h
the binding of ra(repressür to ra(uperawr 01\:.0\. (data
not shown),

The successive binding of ,.a(repre~sur to two opera-
ror sites present on one frugrnent (Fig. 3. l.mes u-d) sug-
gested that each palindrornic sequence cun independeut-
ly bind one repressor rnolecule. Wc. therciorc. .mulyzcd
the interuction oira! repressor with singlc oper.uor sires.
01 and 0.> locared on sep.ir.ue trugrncrus .icrived I"rL)111
pRUl31-1and pRU1315. The obscrved rC!(.'lHjplll,(bl,[h

thcse lragrnents upon incub.u ion with r.it' rcprcssor
l Fig. -1. lanes a-f) confirmcd our notion [fu [ onc IS bi)
pulindromc is sutticicnt I"llI" st.ible rcprcssor binding.

Finallv, an .irtificial construct with I·,'ur oper.n or
siics in t.mdcm arrungcmcnt (pRU 131<)) \\JS icstcd tor
rat repressor binding. The use L'( :'),1113.-\ -ucs (Fig. 1)
for dnnil1g resultcd ill :l!Il1t'SI cuu.rl sp:lcin,S ,)[" the Iour
1~ bp pulindromcs, wluch .irc scpur.ucd r~ cu hcr thrcc
or I~lurnuclcot idc«. Figurc -1 (i:lIlCS g k )':1t'I\S [11,' [irr:l-

uon cxpcruucut with incrc.isiug ru! r\.'rr~'ss,'r. The \.'11.'\.'-

[r,ll)hllrL'sis p.utcrn, wirh (,'ur b:llld~ ,lr II1LTL'~ISil1grcr.rr-

63



I pRU~3~S pRU1314----§I~
o 1 10 0 1 10 I

pRU1316

~
o 1 3 10 30 n RatR

I
••• - 2135

•• - 4304•• -
• -12

a b c d e 9 h i M
bp,

k

Fig. 4. Titration with repressor of fragments containing singlet ar
quadruplet raf operator siles. The rafī), fragment (145 bp) of
pRU1315 (Ianes a-c), the rajOz fragment (10'1 bp) of pRU1314
(!anes d-f) and the rajO,OzO,Oz fragment (118 bp) of pRU1316
(1anesg-k) were produced by EcoRI-HindIII double digestion;
fragments were 3'end-labelled and gel purified. Fragments from
pRUI315 and pRU1316 (5 [mal) pRUl31'ļ 17.5 fmol) were incu-
bated with indicated amounts of raf repressor. Lane M. size
markers

dation, clearly indicates that adjacent raf operator sites
are distinctly and successively occupied by repressor
molecules. However. from these experiments it could not
be decided whether one site has a higher affinity for
repressor than the other ar whether binding involves
interactions between bound repressar molecules.

Footprinting ofoperator siles

Protection of DNA trom DNase 1 digestion by bound
repressor was used to map the rut' operator sites, Such
experiments may also reveal possible interactions be-
tween repressor rnolecuies binding to adjacent sites, Fig-
ure 5A shows the footprinrs produced atter binding ar
raf repressor at different concentr.uions to a 19'8 bp
[wRI-Pstl Iragrnent trorn pRU98'ļ that contains the
native raf operutor (Fig. 1) and digesting the cornplex
with DNase 1 at [\\"0 concentrutions. In cornparison with
[he sequcnce p.iucrn produccd in the .ibscnce of rcpres-
ser (Fig. 5, lunes 0). [\\"0 discrere. prorected regions be-
come uppareut in the prescnce l)t" incre.ising umounts
of repressor (Fig. 5, lunes O. t -3 and lanes O.J-3l. Protcc-
tion wus ubolishcd whcn inducer (5 m\l melibiosc) wus
added 1[0 [he rcaction (Fig. 5. lune 111).

The footprints rcvculcd two nor.iblc tcuturcs. Firstty,
[he protcctcd rcgions corrcspond [l1 the palindrornic op-
cr.uor sitcs: the ccutrcs of svmrnctr. or 0 I .uid O2 close-
I,y m.uch the centros l1t" [he protccicd D'-l.-\ scqucnccs,
whcrcus nuclcot idcs involvcd in intcr.rctious with R N:\
r~llYlllcr:lse l;1l - .~~ .unl - I ()~ .i rc 11111 h'1lfy protcctcd
(Fig. ~r\. 8: :lI"I"\l\\S). :\[ lc.ist ouc 111' Ill\.' 3 bp inicrvcuing
bctwccn ()I and' U2 .uul 11n.: c.ich .u th,-' "H1nL'r" edges
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of the proteeted region are susceptible to ONase 1 diges-
tion, suggesting that two repressor molecules binding
to neighboring operator sites do not eompete for inter-
vening base pairs. This does not, however, exclude the
possibility of interactions between the repressor rnole-
eules bound to 01 and O2, Seeondly, within the limits
of sensitivity of this method, the extent of protection
provided to 01 and O2 seems to be equivalent at various
repressor concentrations (see Fig. SA, lanes 1 and 3) in-
dicating that there is no preferential binding of repressor
to 01 VS °2; minor difTerences in the two palindromie
sequenees (Fig. 5B) have no obvious efTeet on the affini-
ty for the raf repressor.

Discussion

Requirements for reactivation
and binding of raf repressor

The reaetivation of raf repressor from inclusion bodies
(Kane and Hartley 1988; Mitrarki and King 1989) in-
volved solubilization in 0.1 % SOS and refolding of the
protein to its native and active form by five to tenfold
dilution in bufTer (Jaenicke 1987). None of the other
detergents or denaturing agents tested nor variations in
ionic strength, pH or counter ions gave the desired effect.
At 0.1% SOS concentration, cao 1 mg ml of repressor
protein was rendered soluble, corresponding to binding
of about every third amino acid residue in the repressor
to an SOS molecule. The presence of 50 ilg/mi bovine
serum albumin in the binding assay detectably increased
the reactivation rate of repressor at dilutions of the SOS
extract of 1 : lOto 1: 50. but had no significant irnpact
at lower detergent concentrations (not shown), This indi-
cates that BSA mav act as a detersent scavenzer.

Unlike the case with /ac repressor bindTng (Riggs
et al. 1970). bivalent cations. such as l\fg~ ". Cu ~.•.. Ba>
or Mn2

T. interfere with the binding o( rat repressor to
raf operator ONA. When added to the assuy mixture
af ter repressor, Mg2+ ions are not cornpletely inhibitory
(data not shown). It thus appears reasonable to assurne
thut Mg~ -e- binding sites on operator 01'i.-\. are protected
by repressor. This observation may be useful in devising
tuture experirnents to study the kinetics of repressor-
operutor interactions. The reducins auent OTT both sti-
mulutes the solubilizution of repressor protein by SOS
:HlJ lacilitntes binding of repressor ro 0'\1.-\. suggcsting
thut cysteine residues - there are thrcc per rnonorncr
(Aslunidis and Schrnitt 1990) - are csscnrial for rcprcssor
activity,

SI"'ciIICil\' tir' induction

III vitro billding cx pcrimcnts clc.ulv dCllh'llslrall'd rh.u
mclibiosc \\;IS c.ipablc l)f prcvcnring the torrn.uion ,.t"
;1 rcprl'ssl'r-,'~'crall)r complcx (Fig. ,;). but ucit hcr r.ufin-
osc, 11,)1';11l~ ,)1' the ot hcr :-t-g;J!;IC[l.sidl'S Il'sll'lI ;l/h'l'rl'd
rcprcssor bllldillg. Hcncc, mclibiosc must l'l' the .rct u.rl

1 AACCGAAAC:

°1 AACCAAAAC:r

1 GTTCGAAAC:

°2 ATCCGAAAC:r

CO!l8eI18US axcCgAAAC:

9 B 765 ~ , 2 1

Fig. 6. Comparison between the four half-sites of raf operator se-
quences 0, and O2 (written as single-strand sequences). In the
consensus sequence, capital tetters indicate invariant positions,
lower case letters 75% representation and x a position with either
A or T. Numbering of nucleotides starts at the center of dyad
symmetry

inducer of the raf operon in vivo. This specificity of
induction is of interest, since it indicates that raffinose,
the major substrate for the pathway, must be hydrolyzed
by sucrose hydrolase (the product of the third gene,
rajD, in the operon; Schmid and Schmitt 19ī6: Aslanidis
et al. 1989) to form melibiose and fructcse before induc-
tion can occur. The fact that sucrose hydrolase has a
higher affinity for raffinose (KmRaf is .ļ rn'vl ) than does
z-galactosidase (KmRaf is 60 mM) and the translational
coupling of rajB and rafD (Aslanidis et ai. 1989) thus
appear as lcgical consequences of the need for rnelibiose
formarion as the first step in induction.

Specific binding of repressor
to adjacent binding sites

Footprinting experirnents (Fig. 5) confirmed the two
previously identified raf operator sites. 0: and O2 (As-
lunidis and Schmitt 1990). The extent at" protection of
each IS bp palindrome by bound repressor. surnrnarized
in Fig. 5 B, reveals partial prorection at" the operuror
ends fucing each other ar [he - 35 prornoter box. This
may indicate rnutual hindrance of bound rnolecules and
or that rhese terminal nucieotides are less importunr for
the specific binding of repressor. an interpretution fa-
vored by cornpurutive unalysis of the oper.uor hall-sites.

The IS bp operator sites exhibit dyad ~:mmctry and
thus can be considered as tour hulf-sitcs, The L'l'I1SenSllS
axcCgAAAC derived trorn the aligncd hall'-siles (Fig. n)
reveals high conservution of six nuclcotidcs closcst to
the center of symrnctrv and less prefcrcncc "'1';1 purticu-
lar base at the rhrce periphcr.il pl,sl[il)IlS. ~[lldll'S ill the
lac opcr.uo r represso r Svs tC11l ha VC ilid ic.ucd Spccific in-
tcructions betwccn central nuclcotidcs ;111,:,jl~[il1l't .uni-
[Ill acid residucs ill [Ill' rCl'llgni(il1l1 llelI\ ,'r" [Ill' I"'.'rr·css,'r
(Lchruing et aI. 1l)~7: Surtorius et ;11. I'):")l. Rutes tor
rrlllCiIl-ON:\ rccognition cxpcrimcru.rllv ,: •..duccd r"rl'l1l
compcnsuting ['l)iI11 mut.u ious (Lcluning ,': .i l. I 'll)l!) iru-
plic.itc thrcc rcsiducs III [ill' rccouniuon 11:1[\ ,'1' the I"</{

rcprcssor. Val-J-]. r1lr-15 al1d .-\rg_lll l v-l.midi« .md
~l'llll\l([ I')<)lll. III srcc!lil' iutcr.tcuou \\ I[l; nuclcotidc-,
.\3, :\.ļ .uid (.5. rcs~'l'l"[l\d~ (!-"ig. o ). Thi-. .ntcrprct.u ion
is ,'l'IlSisk'JlI wirh i hc l,hs,'rn'd 1'1'.'1""::"11 I';II[l'l"ll
1!-"ig. ~). l"\I'Llins the L','I\Sl'["\;lli,'1\ ,'1' 1111l":I'li,k's ne.ir
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the symmetry axis, and suggests a basis for the observed
specificity of raf repressor/operator complex forrnation,

Successiue binding in oitro and gene regulation

Protection of the two operator sites at sub-saturating
repressor concentrations (Fig. SA, lanes 1 and 3) indi-
cates that raf repressor has very similar affinities for
01 and 02' Despite this apparent equivalence of 01

and O2, gel retardation data indicate that binding to
these two sites occurs in two discrete steps, with alrnost
no complex of high retardation present until most mole-
cules have been shifted from the unretarded form to
the form of intermediate retardation (Fig. 3; pRU645).

We suggest that once one of the operator sites is
occupied by repressor, affinity for the adjacent site is
lowered (perhaps by simple steric hindrance), Therefore,
formation of complexes containing repressor molecules
bound to both 01 and O2 do es not proceed to any signif-
icant extent until repressor concentration has been raised
above the level required to bind one site on each target
DNA molecule. Successive binding of repressor to four
adjacent operator sites (Fig. 4: pRtJ1316) is consistent
with this interpretation.

The sequential titration of raf repressor can he con-
sidered a prerequisite for down-regulation of gene ex-
pression in response to repressor concentration.
Conceivably, RNA polyrnerase binding to the raf pro-
mater is inversely related to the number of operator
sites occupied. The unusual location of °1 and °2 imme-
diately upstrearn and downstrearn of the - 35 promoter
site should permit highly efficient repression. as sug-
gested by the studies Lanzer and Bujard (1988). Whether
the differential effects of changing operator positions
on transcription described by these authors also apply
to the rafregulatory system must be elucidated by moni-
toring gene expression after muragenic elimination of
one ar the other operator site.

Another level of trunscriptional control is suggested
by the recent discovery of the tetrarneric structure of
the ra(repressor (Juenicke et al. 1990). which is therefore
potentially capable of sirnultaneouslv binding two dis-
tant operator sites. as has been shown with the tetramer-
ie lac repressor (Eisrn.mn et ul. 1 YS-: Kr.imer et al.
1987), In tact. two potentiul candid.ues t',)r disr.mt rat
operators havc been detectcd within the r,u:.J. strucrur.rl
gene.1201 hp(12ll hclica! turns) and l.~l- bp (131.'7 heli-
cal tums) downstrc.un of the origin.il opcr.uor site, Bl)[11

these sites cont.un two IS op (purtiul) p.ilindromcs scpa-
ratcd oy thrcc nuclcotides und displ.r,: rc.isouable simi-
larity with the CllI1S,'I1SllS tal'llllt (JO",,). The possible sig-
nificancc of this obscrv.uion c.m he IL's[,'d by rcprcssor
binding and mut.nioual altcr.u ion ,)f [/IC put.uivc SL','-

ond.irv opcr.uor Sil,'S,

.ki..llfllrl,'dc:,'IlII'IIIS. \\,' IILlI1~ .1.'11.11111"Ill1dll1,'r 1·,'1'1"l·11I11"i1 ,1.1-
vicc, ({,lil1,r 1),111:111;111111.,1'1"'I'li.l,' ,,'''II,'I1,'III~, \1111,'11.:,,'\1111.:1'':1'
t'l'r lI..·l·hlliL·~d ;lssi~Lllll'~' .1Ihl .1rt \\ ~'1~. I )~I\ III K 1l'~ 1'\vr I.:n t ic.rl r •.." Il'\\

.uul .\II.1r,';ls Lilld;llI,-r ;111<11·.1\\III I'ki,,' (.,1' 1\ 1'1110:Ill,' 1I1;11111"nl'I,
llu-, itl\L's(i~J(i~'1l w.r-, "'llt'I'\lJ"lI.'d h~ (111.: I)Clll:-,:ih.: Il'r;-'l·llllll~S~\.:-

303

meinschaft to R.S. and by a grant from the Dcutschcr Akadc-
mischer Austauschdicnst to l. M.

References

Aslanidis C, Schrnitt R (1990) Rcgulatory elements of the raffĪnose
operon : nucleotide sequcnce of opcrator and repressor gcncs,
J Bacteriol 172:2178-2180

Asļanidis C, Schmid K, Schrnitt R (1989) Nucleotide scquericcs
and operon structure of plasmid-bome genes mediating uptakc
and utilization of raflīnose in Escherichia coli, J Baoteriol
171:6753-6763

Brown JW, Thomm M, Beckler GS. Frey G, Steuer KO. Rccve
.JiN (1988) An archaebacterial R0iA polyrnerase binding site
and transcription initiation of the hisA gene in Methanococcus
cannielii. N ucleic Acids Res 16: 135-1 50

Craig NL, Nash HA (1984) E. coli integration host factor binds
to specific sites in DNA. Cel! 39: 707- 716

Dunn TM. Hahn S, Ogden S. Schleif Rf (198-+) An operalOr at
-280 base pairs that is required for repression of ara S Ab
operon promoter: Addition of D]\'A helical tums between the
operator and promoter cyclically hinders repression. Proc :\at!
Acad Sci lJSA 81 :5017-5020

Eismann E, v. Willcken-l3ergmann B. 'vI uller-Hill B 1193'! Specific
destruction of the second lac operator decre.ises reoression of
the lac operort in Escherichia coli fiverold. J \101 Bio: 195'9-19-
952

Frcnch D. Wild G1v,l, Young B. James \VJ (195:: i Constitution
of planteose. J Am Chem Soc 75: 709- -1::'

Fried M. Crothers DM (1981) Equilibria and kinetics o: iac renres-
sor-operaror interactions by polvacrylamide gel e:~c,~()phoresis.
Nucleic Acids Res 9: 6505-6~::'5

Fritz H-J. Bicknāse H. Gleurnes B, Heibuch C. R0,~,h; S, E!:ring
R (1983) Characterizauon of tw o muratious in [he Esci.cr ...chi«
coli gul E gene inactivating the: second gaLtc[osc ,';:,cr~llLJr ..md
cornparative studies 01' repressor binding. E\180 J ::' 21 ::'9-
::'135

Garner 'v['vl. Revzin A 11981) A ge! clectrophoresis mcthod I',)r
quantifying the binding ,)1' proreins 10 specitic D:",-\ regi,lns,
application to cornponents at' the E. • (Iii I.ictose ,':xr,)n reg:Ji~I'
tory systcrn. Nucleic Acids Res 9: 30-1- -30b()

Ir.ini :l.IH. Orosz L. :\dhy.l S (1983\ ,-\ conrro! .:i':::l.:nt w it hn:
~ structur.il gcne : the gal l)PC[(,)11 ot Escilt·.'·~:l';;'id· ("«)/';' C•.':;
:2: 7~.~-'7SS

Jaenickc R (1°87) Folding .md as,,)ci~lti,'n ot protc.n-. P~,'g 131,'-
phys \Iul Blu! -Il): IIi -::,_,-

Juenickc R. Muiznieks 1. Asl.midi« C. Schrniu ({ (; ·)1)1)) L'Irr.iccm n-
fugul analysis l)l' the qu.ntcrn.i rv struct urc ot the r.t: r.:"r,'".'r
trorn Es,-1l<'rlchi'l "(IIi, FEBS l.cu 2t'U:::'_1_1-2.'s

Kanc JF. Hurttcv DL (1<)~8) F,'rll1~III,'n ,'1' rc,','mi';!Unl l'r,'Ic':I,
iuclusion b"dies in 1:'S,-iI,-richi,I",/i, Trciuls Ili,'I,',I:l:.'i l',;lS il)1

Kr.imcr H. "i,'I11(>llcr \1. ,\I11l'II\;11 \1. R,:\cl 13,\ \\::,~,'n,lk:'g'
m.mn B. \lüller-Hill Il 11.18-\ ,:,/,. [','1'I'CSS"I' t','!':ll, ,,'.';', \\111\
line.ir [),-,,\ c~l1T\illg 1\\<' '1I11.rl'h "[';Ic,'d i,,, .'!'c:'.::,'I" l'\llll)
.1 1': I-I~ 1 1.• ') 1

L,11!:,'!' \ l. l3ul;lI'd II (1 'J8S) 1'1'.-m, 'lc'I'S :,1rgeh ,kl,':':~l1l1, lit,' ,'!'!;-
cicncv \.)t" rcprcsxo r .iction. f'!"""I..: \..lfl _-\I..:~ld ~lt.:i l·~.\ :\ :\d-.~
S") ..•...•

l.chnuug x. x.ut orius J. "1,'I1I<'lk:' \1. l;"I1"llg,'r l;, \ \\ rlC;"':Il-
Ikr~I11;lllll Il. \·lldler·lltllllll'lS-) fil,' !l1lc':';I,I:"11 ",' 11\,' :"",'0:'
nit illll 111.:1i \ 1.,1'fUI' J"l'PI\:ss"lr \\ 1{Il ,",1" \. '!"\.'r~l lI.lr. 1· \ 1Bt 't .1 l' .~l'ļ~
.~15.~

1 ,'111111Ilg :", :->,lrl.'rll1' J. lo.:"lcr'-\\·"I~,· !J, \ \\ tl""::-ik:~!I1'lllll
Il. \ll1lkr·llrll Illlqqil) \1111,/111,1. :·,':'I',·".'I'S \11,1: ·1,'\\ 'l"',':!:
,111,'S illill ,II mle, J'.'r ['I','{"lll 1),,'\-r""'C:llll""1 1\I'lh)I
\) (1 1:' (l~ 1 -

\LI!li~I([S 1". 1:I"lL~L'h ',1. ~.llllbr\'l\k (i\.l~~) \ll.'i ...:\.·~;.u \.':1.)111[1':-:

.1 I.Lbl.lI"~!h'r~ 111:1I1l1:11. l'\.lid ~1'rlll':-: l l.ubor I .il-.». :\'1"\ 1"":.".
('.'Id :->1'1'1110:1l.ubor :'\,,'1\ '.'rļ

66



304

Maxam A, Gilbert W (1980) Sequencing end-labeled DNA with
base-specific chemical cleavages. Methods EnzymoJ 65 :499-56D

Mitraki A, King J (1989) Protein folding intermediates and inclu-
sion body fonnation. Biotechnology 7: 69(}-{j97

Oblendorf DH, Anderson WF, Fisher RG, Takeda Y, Matthews
BW (1982) The molecular basis of protein-DNA recognition
inferred from the structure of cro repressor. Nature 298: 718-
723

Pabo CO, Sauer RT (1984) Protein-DNA recognition. Annu Rev
Biochem 53:293-321

Riggs AD, Bourgeois S, Cohn M (1970) The lac repressor-operator
interaction III. Kinetic studies. J Mol Biol 53: 40 1-417

Sartorius J, Lehming N, Kisters B, v, Wilcken-Bergrnann B.
MūIler-Hill B (1989) lac repressor mutants with double or triple
exchanges in the recognition helix bind specifically to lac opera-
tor variants with multiple exchanges. EMBO J 8: 1265-1270

Schmid K, Schmitt R (1976) Raffinose metabolism in Escherichia
coli K12. Purification and properties of a new z-galactosidase
specified by a transmissible plasmid. Eur J Biochem 67:95-104

Sherman F, Stewart JW, Tsunasawa S (1984) Methionine or not
methionine at the beginning of a protein. Bioessays 3 :27-31

Tug~e CK, F~chs JA (1986) Regulation of the operon encoding
ribonucleotide reductase 10 Escherichia coli: evidence for both
positive and negative control. EMBO J 5: 1077-1085

Valentin-Hansen P, Albrechtsen B. Love Larsen JE (1986) DNA-
protein recognition: demonstration of three geneticalIy sepa-
rated operalor-elements that are required for repression of the
Escherichia coli deoCABD prornoters by the DeoR repressor.
EMBO J 5:2015-2021

Vieira J, Messing J (1982) The pUC plasrnids. an M13mp7-derivcd
system for insertian mutagenesis and sequencing with synthetic
universal primers. Gene 33: 259-268

Yanisch-Perron C, Vieira J, Messing J (1985) Irnproved MI3 phage
cloning vectors and host strains: nucJeatide sequences of the
M13mp8 and pUC19 vectors. Gcne 33: 103-119

Cornmunicated by J.W. Lengeler



Volume 260. nurnber 2, 23.1-2.15 FEI3 08057 Januury 19YO

Ultracentrifugal analysis of the qua ternary structure of the raf repressor
from Escherichia coli
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The ra(rcprcssor from Escherichia coli regulares the expression of the"plasmid-borne raf operon by switching between act ive and mactrv c conforrna-
tional states. Ulrracentrifugal analysis of the largely purified repressor proves the O:-JA-free protein to undergo concentrauon-dependent dissocra-
tron-association. High-speed sedimentation equilibria show that the 7~ k Da dimer prcvails under rneniscus depletion conditions At intr acellular
concentrations the 1+-1k Da dimer-of-dimers is the dorninating species. Il is suggested that the tetrarneric structure of the rat rcpressor IS involved

in the recognition of the lS-basepair operaror Dl"A.

Analytical ultracentrifugation: Dissociation-association: Quaternary structure: Repressor. raf: Sedimenrauon analvsis

1. INTRODUCTION

The raf repressor has been shown to regulate expres-
sion of the plasmid-borne raf operon, which encodes
functions required for the uptake and hydrolysis of raf-
finose in Escherichia coli [1,2]. The repressor gene,
rafR, has been sequenced, the deduced protein
monomer Mr being 36700 [2]. Overexpression of raf'R
resulted in incIusion bodies, from which active
repressor was recovered by solubilization in 0.10/0
sodium dodecyl sulfate and subsequent dilution in buf-
fer [3]. Gel-retardation analysis [4] revealed the specific
binding of raf repressor to 18-bp palindrornic raf
operator ONA sequences preceding the structural
genes. Molibiose, a specific inducer of the raf operon,
released the repressor-operator complexes. This sug-
gested an alternation of the repressor molecules be-
tween active and inactive conformational states, a
property only exhibited by oligomeric proreins 15J.

The quaternary structure of oaher known repressor
rnolecules is either dirneric or tetrarneric [6,7J. To deter-
mine the yet unknown quaternary structure of the raf
repressor, a ~argeJy purified DNA-free preparation
(capable of specifically binding to raf oprator DNA)
was analyzed by analyrical ultracentrifugation. The
results reported here indicate a concentration-
dependent monomer-dimer-tetramer equilibrium with
the tetrarner (formed at typical intraceIlular concentra-
tions) as the putative active configurarion.

Correspondence address: R. Iaenicke, lnstirut tur Biophysik und!
Phvsikalischc Biochernie. Universitat Regensburg, Universitatsstruüe
31. 0·8400 Regensburg. FRG

Published tiy Elsevier Science Publishers 8.1/'. tHiornrdicu! Division]
OOI.ļ5~93/90, 53.50 es' 1990 Federation 01 European Biochemical Socierics

2. MATERIALS AND METHODS

Assay of raf repressor activity employed the gel-retar darion pro-
cedure [4] using 3' labe!led ONA fragments that coruained either two
or four palindromic raf operators for repressor binding, as ha, been
described [3J. Protein concentrations during purification were deter-
rnined according ta Lowry et al. [8]. using bovine serum albumin as
a standard. The concentration of purified repressor was deterrnined
spectrophotornetrically using an exrincrion coefficient .--1~ļ';\m= 1.5.
The isolation of active raf repressor from purified inclusion bod'ies
was performed as in [3]. For analytical ultracentrifugarion. dialyzed
repressor protein was diluted to 400 pg/mi in binding buffer (10 mM
Tris-HCI, pH 8_0, 10 m!\1 KCI. 1 m:\1 EOTA) [hal coruained dif-
ferent concentrations of dithiothreirol (0, 2, 4, 10 rnvī) or mercap-
toethanol (100 mM).

Sedirneruation experirnents were performed in a Beckrnan Spinco
modei E analyticat uirracentrifuge equipped with a high imensity lighl
source and a UV scanning system, Double vsector celis (l~ mm
pathlerigth) with sapphire windows were used in an AnO rotor , To
detect possible concentration-dependent dissociation, hererogeneity
and non-ideality, the meniscus depletion rechnique was applied over
a wide range of prorein concentrations (5 pg/mi -;: mg.rml). fill-
heights and rotor speeds (8000-20000 rprn); scanning wavelengths
were 230 and ~80 nrn , respectively, The rernperature in all ultracen-
trifuge experirnents was 2 and 20", 1°C. respectively, Sedimentation
coefficients were dererrnined at.ļ.ļ 000 rpm, plotting In r vs t, and cor-
recting for 20°C and water viscosity. Sedirnentation equilibrium ex-
periments with rotor speeds 16000. 1~ 000 and 8000 rpm wer e
evaluated from In r: vs r plors making use of a cornpurer program
developed by G. Bohrn, Regensburg. The pan,iaI specifi-: voiurne was
calcuiared [rom [he amino acid cornposition [101.

3. RESUL TS AND D!SCtJSSION

The molecuJar mass of the raf repressor from
Escherichia coli di ffers, depending on the concentration
of the prorein and the arnount of sodiurn dodecyl
sulfate used as solubilizing agent. At 0.010ī0 high
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Fig.I. Sedirnentation velocity and sedirnentation equilibrium of ra/repressor. Experirnents were performed at 2°C in 10 mvl Tris-HCl buffer. pH
8.0, plus 10 m:Vl KCl and I mM EOTA. (A) Semilogarithmic plet (In r vs c) of sedirnentation velocity runs at 44 000 rpm. Scanning wavelength
280 nm. Protein concemration 0.4 mg/ml, in the absence of dithiothreitol (C 1, and in the presence of 2 mM (t:.). 4 mM (D) dit hiothreitol, and
100 mM J-mercaplOethanol (_), respectively. (B) Tetramer-dirner dissociation equilibrium calculared for high-speed sedirnentarion equilibrium
runs at 12000 and 8000 rpm. Data refer to experirnents with different filling heights and scanning wavelengths. Initial pr otein concentration O..l
mg/ml in the presence of 4 mM dithiothreitol. (Upper frame) Equilibrium at 12000 rpm, monitored at 280 nm. (Lower frarne) Left-hand ordinare

and lower abscissa, In A vs r Iinearization; righthand ordinate and upper abscissa (-l. concentration dependence of [he rnolecular mass.

molecular weight aggregates prevail: about 90070 of the
protein are present as high molecular weight aggregates,
which sediment to the bottom of the ultracentrifuge cel1
during acceleration (520000 rpm). The remaining 10070
migrate as a single species with a sedimentation coeffi-
cient 520.w = 3.5 ± O. 1 x 10-13 s. At concentrations below
0.05 mg/ml) (monitored at 230 nm), the molecular
mass is found to extrapolate to 36000 ± 3400 Da, cor-
responding to the calculated molecular weight of the
polypeptide chain (correlation coefficient 0.9994).

After equilibrium dialysis of the 0.01070 sodium
dodecyl sulfate solution of the protein against excess
buffer (residuaI sodium dodecyl sulfate concentration
50.001 ();'o), aggregation does not exceed 10070.The rna-
jor fraction of the protein forms a wel1-defined
sedimentation boundary. The sedimentation coefficient
at c = 0.5 mg/mI is 520.w = 6.1 ± 0.2 x 10-13 s, indepen-
dent of the amount of reducing agent present (fig. l A).
Obviously, the requirement of dithiothreirol for specific
binding tooperator ONA sequences [3) has no effect on

Table 1

Ultracentrifugal analysis of the raf repressor from Escherichia coli

Conditions" 12000 rprn 8000 rpm

[SOS] [DTI] T 520.'" .\1mm .\fmu .\lmln .\1mAl.

( O1o) (ml\l) (OC) (5) (kOa) (kOa) (kOa) (kOa)

0.01 0 24 3.54:= 0.11 33.7 aggr.

0.001 0 2 6.1 =0.1 80 136 ± 10 135 160± 10
0.001 2 2 6.1 :=0.1 116 142± 6 129 146:!: 6
0.001 4 2 6.0±0.1 106 149 ± 8 126 157 = 8
0.001 lOOb 2 6.1 ±O.I 108 146± 6 130 1:5:!: 10

, [SOS]. residual sodium dodecyl sulfate conccrurarion: [DTI]. dithiothreitol concentration: T.
ternperature

h ,J-Mcrcap!Oelhanol concentranon
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the quaternary structure of the protein. Assurning the
hydrodynamic properties typical for globular proreins
to be valid for the repressor molecule, the observed
sedirnentation coefficient allows a molecular rnass of
130- J 50 kDa to be predicred. Fig. J B and table 1 show
that this value is confirmed by high-speed sedirnenta-
tion equilibrium experiments using the meniscus dep Ie-
tion technique in a concentration range between 0.05
and 2 mg/ml. Thus, we may conclude that at sodium
dodecyl sulfate concentrations below 0.001 % the
soJubilized raf repressor in the absence of its target
DNA is a tetramer. Hornogeneiry and stability of the
protein are corroborated by the occurence of a sing Ie
sedimentation boundary and identical standard Mr
moments at varying angular velocity, Only at high dilu-
tion (:s 0.05 mg/ml) and high rotor speed, dissociation
to dimers becomes detectable: a siznificant curvature in
the In c vs ? diagrarns is observed with Iimiting weight
average molecular masses of the order of 80 ± 8 kDa
and 145.2±2.5 kDa, respectively (fig.IB). Under the
conditions of the biological binding assay (:s 0.00 1070
sodium dodecyl sulfate, 0.05 rng/rnl protein concentra-
tion), the tetrameter is the predominant species. In the
borrorn region of the ulrracentrifuge cell, and at low
rotor speed (8000 rpm), the weight average molecular
mass slightly exceeds the tetrarner. However, even after
long-term equilibration at room ternperature, aggrega-
tion is below 10070.

4. CONCLUSIONS

Raf repressor exhibits concentration-dependent
dissociation-association. The 36 kDa monomer is
observed only in the presence of excess solubilizing
agent. Under this condition, most of the protein forms
aggregares. Obviously, the subunit inrerface of the
dimer is strongly hydrophobic. At sodium dodecyl
sulfate concentrations below 0.001070, the dimer is the
final dissociation product, even at exceedingly low pro-
tein concentration. At typical cellular concentrations,
the tetrarner is the dorninating species; it represents the
stable state of association even at concentrations in the
mg range. As in the case of other DNA binding pro-
teins, pairwise binding rnay be assumed to play a role in
the binding of the repressor ro its operator DNA.
Whereas rnost functional repressors studied assume
dimeric conformations, the welJ-known lac repressor
from E. coli is operative as a tetramer [6,7], a notion in
line with our analysis of the raf repressor. The func-
tional significance of this conformation is not known,
since size and syrnrnetry considerations and the detailed

FEBS LETTERS January 1990

structure analyses of ot her analogous repressor-ope-
rator systems [6.7J suggest that the helix-turn-helix
motifs of only two prot ein subunits irueract with the
18-bp palindromic raf operator DNA. The assurnption
that the two adjacent raf operators (separated by only
3 bp) are bound sirnultaneously by two surfaces of the
tetrameric repressor were disproved bv in vitro binding
studies which dernonstrated sequential binding of in-
dividual raf repressor rnolecules [3]. Two naturally
separated binding sites in the lac system (the second
located in the lac coding region) have been recently im-
plicated in the cooperative repression of the lac pro-
motor [II]; moreover, in vitro experirnents with ar-
tificiaI constructs containing rwo operaror sites at vary-
ing distances have dernonstrated the formation of a
DNA loop by binding one lac repressor tetramer to the
two lac operators [12J. Since presently no structural in-
formation is available, no details with respect to the
topology of the prorein-DNA cornplex and the specific
protein-DNA interactions can be given. However , the
present data indicate that the dimer-of-dimers strurure
of the raf repressor serves as the preferred configura-
tion interacting with the operator D1\A.
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Abstract. The plasmid-borne raf operon encodes func-
tions required for the inducible uptake and utilization of
raffinose in Escherichia coli K12. The expression of three
structuraJ genes for z-galactosidase (rafA), Raf permease
(rajB) and sucrose hydrolase (rajD) is negatively con-
trolled by the binding of RafR repressor (rajR) to two
operator sites, 0, and 02' that t1ank the - 35 sequence of
the rafpromoter. P-\. In vit ro, 0, and O2 are occupied on
increasing the concentration of RafR. without detectable
preference for one site or the other or any indication of
cooperative binding. Nucleotide substitutions at posi-
tions 3, 4 or 5 in an operator half-site prevented repressor
binding, supporting a modeI that postulates specific in-
teractions of these base pairs with the recognition helix of
RalR. To study the role of each operator site. we have
compared by gel shift analysis the binding of purified
RaIR repressor to D0i.-\ fragments containing the origi-
nal 010: configuration or mutant 01 or 0:- When either
one of the two operators was inactivated by site-directed
rņutagenesis. both 01 and 0: exhibited the sarne affinity
for repressor and the same sensitivity to arrest of repres-
sor binding by the narural inducer. melibiose. However.
in the native 01°: configuration. sirnultuneous binding
of RafR to borh operators was stericully hindered, lead-
ing to a l3-fold decrease in the intrinsic affinity of an
operaror site for repressor. once t~11eorher site had been
occupied. To ussess the rok of each operutor in vivo, rat A
was used as a reporter gene. A 120L)-fl,ld repression
(1100%) was exerred by RafR binding tv the n.uive 010:
configuration, whercus 0: alone exerted .ļ5"" and ° 1

alone 6"" repression of rut A transcription, The differen-
tial effects of 01 versus 0: on transcription (despue
rnarching aninit,ies l'l ()1 and 0: tor repressor) suggt:st
that posirioning ,'l the O:-rt:pressL'r cornplcx between the
-3:'and -Ill signab i~cruci.il for tr.mscriprion cout ro]
and that repressor bindim; Il) the upstrc.uu 01 scrvcs t.
enhunce [his effcct.

Key words: raf operon - Dual operator control - Repres-
sor-operator binding - Site-directed mutagenesis - Gel
retardation

Introduction

The well-studied bacterial repressor-operator systems are
based on specific interactions berween a palindromic
DNA sequence and a helix-turn-helix motif in the re-
pressor protein, which recognizes the major groove of the
symmetrical operator DNA (Pabo and Sauer 198'ļ). Cru-
cia! pararneters that deterrnine the efficiency of transcrip-
tion modulation are: (i) the precise recognition of a
particuJar operator Dl\A sequence by repressor moie-
cu Ies : (ii) relative positions of the operaror and promoter
sequences; and (iii) parricipation of disrantly locared.
secondary operator sites in repressor binding. Systernatic
studies of the Lac repressor-operator system using direct-
ed mutagenesis have convincinglv dernonstrated !he dis-
crete character of arnino acid-base pair interaction in
prorein-DNx recognition (Sartorius el al. 1%9: Lch-
ming et al. 198-:-. 1990). Essentiul prerequisues tor the
efficient binding of repressor to cognate oper.uor an:
preservation of the palindrornic symrnetrv, and specific
base pairs in the operator sequence tl1;\II inreract with
particular arnino acid residues in the recounition helix.
These ruies sirnilurtv appiy (0 the qa! regul:ltl,ry system
(Lehrning et al. 19~7. !'NO: Weickert and Adhya 1<)92).

Studies of synthetic promoter-oper.uor cornbin.uions
have shown that the position of the oper.uor sequence
relative to the prornoter elements dram.uically utfects
RNA polyrnerase-repressor interactions, which uhirn.uc-
Iy den ne the efficiency l'f reprcssion (Lanzer and Bujard
1988), Accordingly. an oper.uor loc.ued bctwecn the
- 10 and - 35 proruoter boxcs CIlSlIr •.·S much tig:j'][L'J"

control thun an oper.uor loc.ued ndjaceut [,'. but cithcr
upstrcam or downstreurn l,l. thc proruotcr boxcs. Scc-
ondury opcr.rtor ~CqllC[Jl.·CS .u clJnsiJc:'J['!L' JI~unl'CS
troni the prornotcr h.rve been idcntiticd in the /"C, ,1"".
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deo, and gal regulatory systems of Escherichia coli and
were found to contribute remarkably to efficient and
correct regulation of gene expression (Fritz et aI. 1983;
Irani et aI. 1983; Dunn et aI. ~984; Tugg1e and Fuchs
1986; Valentin-Hansen et aI. 1986; Eismann et aI. 1987).
Thus, the level of repression in the lac system is deter-
mined by the simultaneous interaction of tetrameric Lac
repressor with primary and secondary operator sites,
thereby inducing the bending of, and loop formation by
intervening DNA (Krāmer et aJ. 1987; Eismann and
MüIler-HilI 1990; Oehler et aI. 1990).

An additionaI IeveI of regu1ation is provided by the
cAMP binding protein (CAP) and its cooperative in-
teractions with RNA polymerase and Lac repressor at
the lac promoter (Straney et ai. 1989; Hudson and Fired
1990). According1y, the effect of Lac repressor on tran-
scription results from a modification of the initial tran-
scription complex preventing its progression beyond the
promoter, rather than from competition between repres-
sor and RNA polymerase for overlapping binding siles
(Lee and Goldfarb 1991). Such a configuration facilitates
a "ready-for-take-off" state of the promoter-RNA poly-
merase cemplex, which can be triggered to transcribe
immediately on addition of the inducer.

The organization of genes and control elements in the
plasmid-borne raffinose (raf) operon bears close resern-
blance to that of the E. coli lac operon. However, lac and
raf controls are distinct in the structure and sequence of
their controlling elements. In the raf system, these have
been conserved in 25 Raf plasmids from quite different
sources (Schmid et ai. 1979; unpublished observations).
Thtee structural genes, rafA for o-galactosidase (c-Gal),
rafB for permease, and rafD for sucrose hydrolase, are
under the negative control of the RafR repressor, which
contains a helix-turn-helix motif at its N -terminus
thought to interact specifically with the operator DNA
(Aslanidis et aI. 1989; Aslanidis and Schmitt 1990).
Sequence analysis. in vivo titration and DNase footprint-
ing experirnents served to identify two IS bp palindromic
operator sites. 01 and 0:. flanking the - 35 promoter
box. GeI retardation assays revealed the successive oc-
cupation of the two operator sites by Raf repressor.
Neither a preference for one site nor cooperative binding
were detected in vitro (Aslanidis et al. 1990).

This study was initiated: (i) experirnentally to test
previously postulared inreractions of particular base
pairs in the operator with defined arnino acid residues in
the recognition helix of RafR (Aslanidis et aI. 1990);
(ii) ro analyze the role of each of the two operator sites,
01 and 0:. in repressor binding in vitro : and (iii) to
probe their function in regulating transcription in vivo.
Wŗ:report here thut 01 and 0: bind the Ram. repressor
in vitro with equal affinities. yet 0: (located between the
- 35 and - 10 boxes) dorninates over O, in regulating
prornoter activity in vivo. Hence. Rut'R bound to 0:
alonc rcsultcd in 'ļ5"o rcprcssion of transcription. where-
;IS RaITI. bound !l' 1\ lcd In ,)nl;. (,''., n..'[' I"l'ssion. RnfR
bound Il' the n.uivc 0[0: coutigur.uiou rcsultcd ill a
not.iblc !~()()-r"ld rl'I'l"l:ssl,'Il.
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Materials and methods

Chemicals and enzymes. [32PJ-deoxyribonucleotides
( < 3000 Ci/mmol) were obtained from Amersham Buch-
Ier (Braunschweig, FRG). Restriction endonucleases and
other enzyrnes were purchased from Boehringer (Mann-
heim, FRG), New England Biolabs (Beverly, Mass.,
USA) and Pharmacia (Freiburg, Gerrnany) and were
used as recornrnended by the manufacturers. Sequenase
Version 2.0 from US Biochemicals (Cleveland, Ohio,
USA) was used for sequencing single- and double-strand-
ed templates. Raf repressor was overproduced and puri-
fied essentially as described by Aslanid!is et all. (] 990).
Approximately 70% of the protein in preparations used
for retardation assays corresponded to RafR, as esti-
mated by densitometry of Coomassie Brilliant Blue
R250-stained polyacrylarnide gels. RafR concentrations
were derived from total protein determined photometri-
cally at 595 nm (Bradford 1976).

Baeterial strains and plasmids. E. coli JM 109 ,[reeA J
endAJ gyrA96 thi-I hsdRJī supE44 relAI !1(/ac-pro) .'
F'traD36 proAB lacl" laeZ!1MI5; Yanisch-Perron et aI.
1985] containing plasmid pRU984 was grown overnight
at Yl" C in Luria broth without glucose for the overex-
pression of Rafk protein (Aslanidis et al. 1990). E. coli
TG 1 [hsdD5 supE44 relA l M lac-pro) !F' lTaD36 proAll
lacl" lacZi1J'.115] was used as a host fOI site-directed
mutagenesis. Enzyme activities were deterrnined in E. coli
DHI [supE44 hsdRJ7 recAl endAl gyr.4.96 [Iz)"-J relAl ;
Hanahan 1983] containing a functional Lac permease for
melibiose transport. E. eoli D5338-2 containing a chro-
mosornal insertion of MajR ratO -r- .CI - and expressing
a-Gal constitutively (Schrnitt et al. 1979) was used [0 test
the expression of plasrnid-encoded Ram ..

Plasrnids were constructed accordinz to standard
procedures (Maniatis et al. 198:). pR U991 carries a
3.7 kbp EcoRI fragment from PIKmRafcontaining the
PR-rajR-P\-rajA portion of the rat operon plus 5 adja-
cent sequence (Aslanidis 1987) inserted in pGCS (Vieira
and Messing 1982). HindIII digestion and religarion di-
minated the polylinker of pUC8 and part of the 5'-adja-
cent region resulting in pRC [3:2 (Fig. lA.). Recorn-
binant pRU 1307 carries the 168 bp Psr! fragrnent frorn
pRU6'ļ5 with the raf prornoter and operator sequences
(Aslanidis and Schrnitt 1990) and the 2175 bp Psti-
Et"ORI fragrnent frorn pUR9ll 1 conraining rat A (Fig.
lA). The pRU1307- and pRL'13::-borne raigenes were
transcribed from their nutive prornoters, the polarity of
which is opposite to that of the vectors Pl",'" Plasrnids
pR li U23-pRU 1327 (Fig. 1C) curry altered oper.uor
sites gener.ued by site-directed rnutugenesis l1(pRL' 1322.

Sir('-dil"t'['[,d muuujcncsis. The Arncrsharn oligonucleo-
tide-directed rnutagenesis system Iversion 2) was uscd
with pBSI -J- i-derived singlc-strunded DN:\ cont.uning
the 7:3 op ;....pnl-SphI Ir.igmenr Irorn pRU 13~~ (Fig. 1:\)
propug.ued in (he presence ot' hclper ph.ige R.ļO~ 1I1

E. ,'(l1i TG I (Strutugenc Ck)ning S~steru. La J,)ILt. Ctlir..
LTS.-\). The Jesi rcd rnutunts wcrc vcri ticu by seq ucncmg,
rccovercd ;IS K/!III-S,uI fr~lgmcl1(s. .md rclig.ucd into the

.."
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parent plasmid, pRU1322 (Fig. lA). The functional
proficiency of rafR was verified by complementation
using the Raf-constitutive E. coli strain OS338-2 (As-
lanidis and Schmitt 1990), the function of raf'A was con-
firmed by determining c-galactosidase activity in E. coli
TGl. Recombinants were selected on 2 x Tryptone yeast
(TY) agar containing 100 ug/ml ampicillin (Ap) and
screened for expression of u-Gal in the presence and
absence of 0.2 % melibiose.

Gel shift assay. Plasmids containing the mutant or native
raf operator regions were double-digested with Bsu361
[Saul]+ ScaI (285 bp) or Bsu361 + SphI (340 bp) and
labelled at their Bsu361 ends with ar2p]dTTP using
Klenow po1ymerase (Fig. lB). Labelled fragments were
gel-purified on 5% polyacrylamide and their relative
amounts estimated by comparing the intensity of
ethidium bromide-stained bands to the amount of incor-
porated radioactivity.

Gel shift assays were performed essentialIy as de-
scribed by F ried and Crothers (1981) and by Garner and
Revzin (1981) with previous1y described modifications
(Aslanidis et al. 1990). Each binding reaction contained
approximate1y 10 fmo1 of the DNA fragment and
1-100 ng of RafR protein dissolved in binding buffer
(10 mM TRIS-HCI pH 8, 10 mM KCI, 1 mM EDTA
10 mM DTT, 50 g/ml BSA) di1uted from stock (100 Ilg
RafR/ml in 25 mM TRIS-HCI pH 8, 50 mM NaCI,
1 mM EDTA, 0.1 % SDS). Polyacry1amide gels (5%) in
45 mM TRIS-borate, l.5 mM EDT A, pH 8.3 were pre-
run for 30 min at 70 V at room temperature and e1ectro-
phoresis of sampies was performed under the same con-
ditions. Subsequently, ge1s were covered with Saranwrap
and autoradiographed at 4° C on Wicor XRP film. Rela-
tive intensities of retardation bands were determined
densitometrical1y with a M<I>-2 i\OMO densitometer
(St. Petersburg, Russia), and relative repressor binding
affinities were calcu1ated according to Fried and Croth-
ers (1981; Table 1). Duplicate photometric mea-
surements of band intensities varied by less than 5 %.

Determination of a-galactosidase acticity, The a-Gal ac-
tivity was determined in newly transformed E. coli DH I
celIs. CelIs were grown in 2 x TY both containing 100 Ilg.
mi ampicilIin and 0.2 mM IPTG to induce Lac perrnease
needed for melibiose transport. In induction experi-
ments. cultures at OD"oo = 0.1 were divided into two and
further incubated atkr the addition of either 0.2% meli-
biose (inducer) or 0.1% fructose (non-inducer), Aliquots
were taken at 1-2 h intervals and c-Gal activity was
deterrnined in celis treated with toluene (Schrnid and
Schrnitt 1976) using P-nitrophenyl-a-o-galactopyra-
noside (a-PNPG) as a substrate. Enzyme activity is ex-
pressed as maximum incrernent of specitic uctivity (units
per h) during exponential and earlv sr.uionary growth.
One unit of u-Gul corresponds to a chunge l1fO.l)l OD .•zo

(due [0 hydrolysis of a-PNPG) per min per OD~,ltl' Rcl.i-
tive plasmid contents in the unalyzed cultures were J~IL'r-
mincd uccording [0 Stueber and Buj.ird tlllS2).

Results

Bindinq of RafR repressor to natiue and mutant
operator sites

Recombinant plasmids containing mutant raf operators
obtained by site-directed mutagenesis (Fig. 1C) were
used to study the requirements for repressor binding to
operator DNA in vitro and to elucidate the role of each
operator site in regulating rafA transcription in vivo.
RafR binding to operator sequences was studied by gel
shift analysis in non-denaturing 5% polyacrylamide geIs
(Fried and Crothers 198 1; Garner and Revzin 1981).
Figure 2 shows the e1ectrophoretic behavior of free and
complexed B fragments (Fig. 1B) from pRU1322 (°1°2)

and its mutant derivatives (Fig. lC). Depending on re-
pressor concentration, the autoradiograph (Fig. 2) re-
vealed up to four different retardation bands. The na-
tive operators were successively occupied by repressor:
a diffuse double band of intermediate mobility (Fig. 2,
lane f) corresponds to complexing of either 01 ar O2

(Aslanidis et al. 1990), while at high RafR concentrations
both operator sites were saturated. producing a discrete.
low mobility band (Fig. 2, lane b).

Changes in operator structure that alter symmetry
and/ar specific base pairs significantly diminish or com-
pletely abolish the capacity to bind repressor. We have
previously postulated the importance of nucleotide posi-
tions 3, 4 and 5 (marked by triangles in Fig. 1C) in both
half-sites of the pa1indromic operator for specific interac-
tions with the recognition heli x of RafR (Aslanidis et aI.
1990). In fact, substitutions. additions or deletions at one
or more ofthese positions completely eliminate the bind-
ing capacity of an operator site in our assay. Even at
high concentration of RafR (30 ng), only the non-
mutagenized operator was capable of binding repressor.
as demonstrated by the sing1e retardation band (Fig. 2.
lanes c. d). According1y. fragments A or B trom the
°1.02 double mutant pRUI32S (Fig. IC) do not corn-
plex RafR at any concentration tested (not shown). The
results demonstrate a strict dependence of the specific
Raf repressor-operator interactions on operator
sequence symmetry and on the nature of base pairs 3. ..ļ

and 5 in each operator half-site.
The relative mobility of the cornplexed operator de-

pends on its position in the tragment. Therefore, func-
tional O2 (Fig. 2. lanes c and g) was less retarded than
tunctional °1 in the binding assay (Fig, 2. lanes d. h and
i). a difference also seen in the control rnixture of 01 and
0: mutant fragments (Fig. 2. lane ej. These lntrer re-
tardution bands also define the mobilitv zone of [he
ditfuse band Iormed on binding of a single RatR mok-
cule ro [he native 0102 contiguration (Fig. 2.!ane f). The
"hazy" aspect is thought to retiect ditfcrenrial D1'iA
bending mediated by RafR repressor th.it oscillates he-
tween [he two operutor siles.

Repressor binding ro ŗ,I!opLT;\[or 0'\.-\. w.is rcvcrscd
by [he addition of melibiosc (induccr ), as shown in
Fig. 3. lncrcasing concentr.irions of mclibiosc gradllally
inhibit [he binding of reprcssor to oper.uor. scen as a
stcpwisc reversal of rcturd.uion 111 [Ill' n.uivc O, (): L'OI1-
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the relative intensities of shitted bands on .uuoradio-
graphs reflect the probubility of cornplex form.uion and
relative affinities of binding (Fried and Crorhers ]')s l ).
In this study, the availability of rnutunts with onlv one
functionul operaror (Fig. IC and Fig. :2) faciliurcd the
calculation of relative atfinities L1f repressor for sing!e
operators and cornparisons 01' repressor binding [l) (r:lg-
rnents containing rnurant or n.uive ra!" oper.uor.

Cornpetition experiments were carried out usin ; thrcc
cornbinations of rcprcssor-beuring tr.rgrncnrs III \~lrying
ratios (Fig . -l), and relative binding anīni[ic~ (K: K:)
wcrc calcul.ucd. ~IS prcscntcd in Tublc 1. ,\,) prctcrencc
t'l)r cither 0 I or 0:. wus tound whcn [IKSC scqucnccs wcrc

A

H NP8P

II
Sp K

I
Sc Sn EV 8

I

PR~afRH

N E
Sc

B
~phl

c

1 // \

: // ".> // Fragrnent B \

//:...,,:_----- __ F_ragm e_n_t_A \__ ---'
1190 ~......... ••.••..•.••.••..•. 1240

1-11- Tc..-\CACMCCGAAACGTITffiGTTGATG1TCGAAACG!1TCGGATCAACAGT- ...' ...:

-35 -10
01 ~

1-11- TC.'\CAC.~GrGGTrGA:Il:iTr~TŗMCAGT -II....,

-35 ~ -10

1-11- n:AC.-\c.-\ACCGliAA~GAM.CGITTCGGATC.\ACAGT -ii-
. -;}5. 0, -10

pRU1307:
pRUI322

pRU1323

I-I!- TCAC.-\CAACCGAAACGTlTffiG1TGATG1TCGT.\AACGTI'C'"~Tc.\ACAGT -/,.--'
----0-

1
---=:35 • ----:īo ..

,

pRU1325

1-/ 1- TCACACAACCGAAA~TGT;"CTAAA~Tc.\ACAGT-- -----------35 -10

°1
I-I!- TCAC.-\C-\ACCGAM.CGTIT1'GC2...-TGTI'CGAAACCCGTcGGATc.\ACAGT - r ,. -

01 ·35 -10

-/- pRU1326

pRU1327

1-11- TCAC.'C.-\ACCG~CG1TI"ffiC1TGATGTICGAM.cceGrcGGATCAACAGT _,._

·35 -10

pRU1328

tigurution (Fig. 3. lunes e-b). as well as in mutants with
either 01 (Fig. 3, lanes i-t) or 01 (Fig. 3. lanes rn-j)
mtact.

[Il ritro repressor bindinq bv 0/1(' and lll'O operators

Absolute bindinz affinities of Rul'R for oper.uor DNA
have not been ue-termined in these experiments. since [he
concentrution 0[' free uctivc protein in the binding rcac-
tions was unknown (owing [u variation in the proportion
of active RafR solubilizcd trom inclusion bodics: As-
lanidis et al. 1l)')L)). Howcvcr, .u low RnfR conccmrutions
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Fig. IA-C. Ponion of the raf operon, re-
combinant plasmids and operator rnu-
tants used for probing rafA regulation. A
Two pUC8·derived recombinant plas-
rnids, one (pRUI322) containing a
3462 bp insertion (top) comprising rafR
(repressor gene) and rafA (c-gaiac-
tosidase gene) and their promoters. PR
and PA' and the other (pRL"1307) bear-
ing a 2344 bp insertion with the 3"-termi-
nal 55 bp of raf R, the intercisrronic re-
gion. and rat A. Positions and polarities
of the lac promorer IP/ad) and the ~.
lactamase gene ibla; are indicatcd by
arrows. Restriction sites: H. HindIII:
Sp. SplrI: K. Kpnt : x. Sar!: P. Ps:I. B.
8s1136I (SaIIl 1: Se. Scal; Sn. SIlI.lBI: EV.
EcoRV: E. EcoRI. B P~. oper ator
(OIO:)-promorer 1-35. -101 region
with adjacent pans of raj R and rat'.! on
expanded scale iboxed in A). Restrictiori
ccordinates are nurnbered according to
Aslanidis et aI. (1989), Fr:lgments A
(8s1136I-SpIrI. 3.ļO bp) and B (8511361-
ScaI. 285 bp) used for gel shu: assays are
shown with t hcir 32P·labelied 85ii36I
ends markcd 1'). C )iuclcotide 5Cq ucnces
01' native Itop line) and six mutunt op-
erator-prornoter sites with their piasrnid
numbers marked (right margiru: nucleo-
tide nurnbering trorn Aslanidis JnG
Sehmitt (199m, The -35 .md -10 pro-
morer boxes are undcrlinc,i. iunct.onul
oper.uor sites. 0t and 0:- .irc ·~,)x,'d. ax-
es of palindrornic svrnrnetrv markcd bv
rcrticui lines, and nucleoudcs inrcr.icting
with the rccognuion helix (Aslanidis ci

.il. 1990) indic.ucd oy trianaics. \;ucicL'-
tides C'.\ehanged by dirC'c(d mut.tgo'ne,is
.irc r,,!d tucc«. an insertion (') .in.i .1 de-
lction ( ..:..) in pR L; 13:5 .irc m.irk cd
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ngRaIR

a b c • e f ig h

Fig. 2. Autoradigraph of gel retardation assay represen.ting stepwise
saturation of native and mutant raf operators with Raf repressor.
Approximately 15 fmol of tabelled and gel-purified B fragments
from pRU1322-pRU1327 (Fig. 1) were incubated with the indicated
amounts of Raf repressor (ng RafR). Binding buffer was modified
by the addition of EDT A to 1 mM and DTI to 10 mM finai concen-
trations; Mg2 + ions were omitted (Aslanidis et al. 1990). B frag-
ments were used as follows: lanes a, b and f, pRU1322; lane c.
RU1323; lane d, pRUl327; lane g, pRUl324; lane h, pRU1325;
lane i, pRUI326. Lane e contains al:1 mixrure from pRUI323 (O,
mutaņt) and pRU1327 (02 mutant). The various operator con-
figurations used are illustrated above eaeh lane (open box, native
operator; filled box, mutant operator, cross-bar, 3lP-label). Bands
were assigned to the operator-repressor cornplexes as syrnbolized on
the right-hand margin (e, bound repressor)

---eJC). --.0 ---e:J.-

019 2 .6 .2 9 2 .6 .2 9 2 .6 .2
.-

,\)(, -...••.- Ja

--.. -..- ---

nMMel

abcdefghijklm
Fig. J. Progressive inhibition of'repressor binding lo oper.nor Di'.-\
by mclibiosc. Approximatcly 12 frnol of tr.igrncru B Irom pRU 1.~22
(lanes a-e), pRU 1323 (Ianes I-i) and pRU 1..'2:- (Iancs j-rn l wcre
mixcd with the indic.ucd JmOUIl!S of mclibiosc (nrn Mel) bctorc the
addition "f /5 ng llf RafR (lanes b-rn). Line a. no reprcssor :IJdc:J.
Structures of opcr.uor DNAs (top) und opcr.uor-rcprcssor .:.'111-
plcxcs (margin) .ire reprcscnted as in Fig, 2. Complctc inhibiuun "f
rcprcssor oinding is ><:':11 with l) ni\,'1 mclibio-«:

75

-- - -

lH ~+ļ l+ ~. ļ+ ~ II
2 1 1 Z1 li! 1 1T T ī I 1 2 1 1 2

I

DNA type

abe defghij.kl
Fig. 4. Cornpetition of native and rnutant raloperators for binding
Raf repressor. For distinguishing the cornpeting operators. the
larger fragrnent A from pfasmid pR U 1322 (0,0:l was used togerh-
er with smaller fragments B from pRU 1324 (0,) or pR U 1327 (0,).
respectively (Fig, 1). Lanes a~. 10 frnol of O:\A and :5 ng rat
repressor, Lanes d-I, operator-bearing fragments and their ratios.
as specified above lanes: 20:IOfmol (21): 10:IOfmol III):
1'0:20 fmol (li2) using 8 or [2 ng of RafR in proportion 10 total
DN:\.. Differences in specific activity of labelled fragments were
balarrced oy dilution with correspending non-labelied fragments.
The mobility of operator-repressor cornplexes is specified cit the
margin as in Fig. 2

3 ng Ram.

- ~-

..-
•••• -- - ••
abcdefghijk

Fig. 5. Cornpetition between nutive and mU[:IIl(wf,'per:l[,'r O:\:\s
tor dccreasing JmOUll(S of Raf repressor. .-\IlWUIlIS l'f Raf rcprcssor
(Ilg RatR) aJJeJ an: shO\\I1 :Ino\'.: l:lllc'S. Lmes c. c. ~. i :llld L
ill tmol of trugrncnt .-\ fWI11 pRU 1322 ((),():). Lmcs h. J. 1', h. J.
IIJflllll[ "I' pRUIJ22 DN:\ (0,0: fr:lgmelll .-\J 1'llIs l ü trno) "f
pRL' U2~ DNt\ (0,. tragrncnr Bl. Luic a. 1111\llIr,' ,'1' trugmcnts .-\
\pRL' 1322) aud B (pRL' '-~2-:-) w it hout rcprcssor Rq'rc'ss,'r-,'ļ'er:l-
tor cornplcxcs corrcl.uing [e' rct.ird.uiou (,'nes .irc s\ I11b,'liL.:Li ,IS ill

Fig. 2
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Table 1. Relative in vitro affinities of rafrepressor binding to singJe and dual operator sites caJculated from normalized intcnsities of retarded
bands in Fig. 4

Number r1* r2* DNA Active Normalized band intensities K1jK1
fragments operator (x 1O-2)b
used in assay- sites in retardation zones-

DA 08 101 102 10I.2 201.2
_._-

0.4 2 B(pRUI324) O2 35.8 64.2 1.12
+ +
B(pRUI327) 01

2 0.4 I 52.0 48.0 1.08
3 0.4 0.5 68.3 31.7 1.08

4 1.0 A(pRUI322) 0102 51.5 455 3.0 13.4

5 0.7 B(pRUI322) 0102 69.0 30.0 1.0 13.0

6 0.4 A(PRUI322) 0102 79.0 20.6 0.4 13.4

7 0.4 2 A(PRUI322) 0102 68.0 22.7 2.3 6.8 1.01
+ +
B(pRUI324) O2

8 0.4 l 47.6 43.5 4.1 4.9 0.92
9 0.4 0.5 19.7 72.1 6.5 1.6 1.1)

10 0.4 2 A(pRU1322) 0102 63.8 28.3 2.6 5.3 1. 1 I
+ +
B(pRUI327) O2

II 0.4 1 47.0 42.0 4.7 5.9 089
12 0.4 0.5 25.6 61.5 9.0 3.8 0.99

ari' repressorjDNA fragment ratio in assay (ng.fenol)
ar2, ratio of DNA fragments (fmol) used in retardarion assay
a Plasmids and fragments shown in Fig. I
b Normalized band intensities from Fig. 4 were calculated as a
fraction of the total "density value" (100%) of each lane determined
densi tometricall v
<Zones formed 'on autoradiographs by (free or RafR-cornplexed)
DN:\. fragments: DA, fragment A; 0B, fragment B (fig. lB); 101,
repressor-complexed fragrnent with functional °1; 102, repressor-
complexed fragment with functional O2; 101.2, native (Ot02) op-
erator complexed with one repressor molecule: 201.2' native opera-
tor complexed with rwo repressor rnolecules
d Kl Kj, relative binding afīinity of RafR for a particu1ar operator
combination. The intensity of a band at limiting repressor con-

located on separate fragments (Table 1. lines 1-3). In
each case, the calculated ratio KdKz of relative binding
affinities was close to 1.This result confinns quantitative-
ly the experimenrally observed equivalence of the iso-
lated 01 and 0: sites in binding RafR. in vitro (Fig. 2).

A quite different result was obtained when the native
010: configuration was exarnined. Gel shift experiments
at !imitil1g RalR concentration revealed inerficient
torrnation ~f cornplexes in which both operator sites are
occupied by repressor (Fig. 2. la ne I: Fig . .ļ. lane a :
fig. 5. lane g). Given the equivalence of the isolated 01

and 0: in repressor binding, a coefficient of "binding
obsrruction' berween the two adjucent sites was cal-
culated by treating thern as two distlnct operators located
LlO one fragrnent (Fried and Crorhers 19S 1). The cal-
culuted coetīicienrs listed in Tuble [ (hnes .l-6) indicated
thut the uppurcnt ajfinity 01' RafR for an operaror sile is
ll)\\ereu approxim.uely 13-fold. if the adjaccnt site has
alreudy been occupied by RalR. This etlcct is rhought to
oricinate trom steric hind.ranct: betwcen RafR dirncrs
r0~nd to °lanu O2 and separated bv only -' bp (Fig. IC:
Asl.inidis et .il. I l)llll) " The closc sracing and binding

centration corresponds to the probability of forrning a retardation
complex. Therefore. it defines the afīlnity of the repressor for a given
operator site. Kl! K, is calculated according to equations adopted
from Fried and Crothers (1981). For two operators located on
dirferent DJ\A fragments the relative binding affinity is given by:
K: K: '= P(lol) x qFoz)IP(lloJ x C(Fo,). where P(:<)is the relative
band intensity and C (Fx) is the input concentration of the D'-'A
fragmens bearing the operator site F:<. for non-complexed D!".4.
fragments distinguishable by their electrophoreric mobiJity. the
respective band intensities were used directly. instead of input
fragment concentration according [Q: K IK: = P(1o!}" prO,)
P( 1101.:1 x P(OB)' Alternatively, if the two operators are located
on one DNA fragrneru we rnay write K, K:=P\lo1.:l:
P( 201 ..:1 x P( 0,)

equivalence of the two operators suggest that a single
repressor molecule rnay oscišlate between sites (yielding
a hazy retardation band. e.g. Fig. 2. lane f) under non-
saturating concentrations and that the stable occupation
of both sites (at saturation) requires a change in Df\;A
conformation. This view is supported by comperition ex-
periments that dernonstrate sterie hindrance 01' repressor
binding to the second. non-occupied operaror sile .. -\1-
though. the native OlO: configururion cont.rins twice the
concentration of Iunctional operutor cornp.ired to single-
site operutor rnutants (Fig. IC). it does nor displav :l

nigher requirernent für repressor. either in competition
for decreusing repressor concentrutions (Fig . .:') or in
rnixtures of nutive and rnutant trugrnents supplied .u dif-
fcrent r.uios (Fig . .ļ; Tabk 1. lines 7~ 12). Rather. the
nutive 0 10: arrungernent behaved as if only onc operu-
tor Iras Juncrionul. This is furrhcr SUPPl)("tCJ by gd shd;!
.uialvscs in the prescncc of the inducer mclibiosc. The
n.uivc °1°: combin.uion (Fig. 3. LII1L'S b-d) and 11111lanlS
with l)nly ouc tunctional opcr.uor (Fig. _~. l.uies t'-I11)

wcr c l'ljllal!ly susccptible Il) arrcst by mclibios c, SllggCS[-
in~ rh.u oulv onc sile was occupicd .u ;\ tinte.
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labie 2. In vivo PA promoter activity un- Plasrnids Operator site" a-Gal activity E~ E~
der wild-type and mutant operator-repres- (units/h)>
ser controls

Fru Mel

pRUl322 0102 1.5 390.8 1200 260.5
pRUl323 O2 3.5 450.2 514.3 128.6
pRUI324 O2 3.2 410.0 562.5 128.1
pRUI325 01 20.3 340.5 88.7 16.8
pRU1326 01 25.5 380.2 70.6 14.9
pRUl327 01 27.1 360.4 66.4 13.3
pRUI328 1200 1000 1.5 0.8
pRUI329 0102 320 700 5.6 2.2
(rafR*)
pRUl307 0102 1800 1400 0.8
(t.TafR)

o u-Galactosidase (n-Gal) aC1t1V1esof wild-type (pRUI322) and mutant operators
(pRUI323-1328) or mutant repressors (pRUI329, pRU1307) were determined upon trans-
formation of Escherichia coli DH 1. Plasmids carry the wild-type repressor gene. raf R, except
for PRU1329 (rafR*), which encodes a Thr , , to Ala1s substitution in the recognition helix.
and pRU1307, which contains a deletion, t1rafR
b Only the functional operator sites are listed
C n-Gal assay according to Schmid and Schmitt (1976). Values were averaged frorn five
independent experiments. The estimated standard deviations is 20%. F~. growth on 0.2%
fructose (non-induced); Mel. growth on 0.2% melibiose (induced).
d Efficiency of repression: ratio of constitutively expressed n-Gal activity IpR C 1307) versus
non-induced u-Gal activity
e Efficiency of induction: ratio of induced (Mel) versus non-induced (F ru: levels of u-Gal

In vivo role oJ 01 and O2 siles as probed
with operator mutants

The role of each operator in regulating raf transcription
in vivo was studied by assessing a-Gal expression in
E. coli DH 1 transformed with recombinant plasmids
bearing native and mutant operators (Fig. 1C). Prelimi-
nary tests confirmed the function of raf'A, raJR, and their
promoters, and revealed comparabJe pJasmid copy num-
bers per ceIl under all the conditions used. ExponentiaIly
growing cuItures were sampied at 2 h intervals and a-Gal
activity was determined. Maximum activity increments
of each culture are listed in Table 2.

The data imply three effects of repressor-operator
interaction on transcription.
l. Repression is most efficient in the native °102 con-
figuration. Jeading to a j 200-fold reduction in u-Gul
(pRUI322) as compared to the repressor-deficient. con-
stitutive pRU1307.
2. A differential role of the 01 and 0: operator sites is
seen in controlling the raj operon in vivo. In non-induced
celis. 01 alone has Iittle elfect on raf transcription
(pRUI325-pRUI327: Table 2). 8y contrast, O2 alone
exerts strong expression and melibiose induction ruises
the level ofa-Gal alrnost 128-fold (pRU13~3. pRU13~..ļ:
Tabte 2).
3. The c-Gal levels of pRU1328-transformed celis that
contuin two non-functional r~/opt:ralors approach thosc
of the fully constitutive rafR deletion mutant. pRUJ.\07,
indicaūng th.u 01 and O2 are the prirnary siles otreprcs-
SOl' action. ThL' results dernonstrate rhat ill vivo » despite
the in vitro equivalencc 01'01 and 0: in rcprcssor binding
- 0: is doruin.mt and its location between the - 35 and
- 10 promotcr oL'xes is cruciul for controlling trunscrip-

tion initiation by RNA polymerase. whereas 01 has an
accessory function.

In all operator configurations. rnelibiose induction
leads to similar a-Gal levels in the presence of the wild-
type repressor (360--450 units. h), These maxirnurn activi-
ties were attained during the first hour after addition of
inducer. Nevertheless. these a-Gal activities approached
only one-third of the constitutive level exhibited by the
repressorless pRU1307 (Table 2). Conceivably. this
deviation from max.imum a-Gal activity upon induction
was a consequence of catabolite repression exerted by
gIucose. the immediate rnetabolite of melibiose. Accord-
ingly, a-Gallevels displayed by the constitutive rnutants
pRU1307 and pRUI328 were reduced by about :0%
upon the addition of 0.2% melibiose (Table 2),

It has been postulated that residues V~lll.ļ' Thrj , and
Argl9 in the recognition helix of RafR are essential for
repressor binding to specific base pairs in [he major
groove of the operator DNA (Aslanidis et 31. 1990). This
view is supported by the 213-fold lower repression 01'

ratA transcription in pRU13~9 cornpared to pRU13~2
(Tuble 2) as a consequence of a Thr ŗ , lL1 .-\la1, sub-
stitution (in RafR. ") known to preserve the overall a-
helix structure. but incapable of specific h~drogcn bond-
ing. As seen in Table ~. the constitutive level of u-Gul
expressed by pRU132Q (RafR.") amOUIl[S to l~''{, of the
tully constitutive .1 ratR rnut.mt pRC L~()-. .md induc-
rion with mclihiosc r.iiscs this lcvcl 1'111\ [\\\'1'1,1,1 ~IS ~I

rcsul: \)1' partiul cou-uuuivuv.

Discussion

.-\ spccial tc.uurc ,lI' r,l!',lpCfL1Il control .irc two closclv
spuced. nearly idcntical opcr.uor scqucnccs. O. and 0:.



that flank the - 35 promoter box (Aslanidis and Schmitt
1990; Aslanidis et aI. 1990). We have studied the role of
each operator site in repressor binding in vitro and in raf
transcription in vivo by selectively inactivating 01, O2,

Dr both. Gel shift analysis revealed equivalence of iso-
lated 01 and O2 in binding RafR, but indicated a 13-fold
lower affinity for the second RafR dimer in the native
0102 configuration, once the first dimer had been
bound. The deduced negative interference of two RafR
dimers bound to 01 and O2 in cīs is consistent with
observations at Iimiting repressor or inducer concentra-
tions in vitro (Figs. 2 and 3) indicating "oscillation" of
one repressor moJecuIe between the two neighboring
operators. By contrast, analyses of raf transcription con-
trol in vivo indicated that both 01 and O2 are simul-
taneously occupied by RafR in the repressed state and
that O2 is the dominating site, controlling rafrepression
17 times more efficiently than 01 (TabIe 2).

Gel shift analysis of mutant operator-repressor
compexes

Substitutions of single base pairs in the 18 bp palindrom-
ic operator sequences, 01 and O2, that either shifted the
symmetry axis or led to an exchange at positions 3, 4 or
5 (counting from the axis; Aslanidis et al. 1990), elimi-
nated the capacity of that operator to bind RafR repres-
sor in vitro (Fig. 2). On the other hand. a Thr-IS to
Ala-15 exchange in the recognition helix of RafR led ro
a 140-fold relaxation of in vivo transcription repression.
thus indicating the importance of this residue in the
specific repressor-operator interaction. In line with rules
for protein-DNA recognition experimentaIIy deri ved
from compensating point mutations by Lehrning et aI.
(1990), we have previously implicated residues Val-14.
Thr-15 and Arg-19 in the RafR recognition heli x in
specificaūy interacting with nucleotides A3. A4 and G5.
respectively. in the raf operator half-sites (Aslanidis and
Schmitt 1990: As1anidis et al. 1990). Although we have
not screened all possible permurations of operator
sequence. the single-site operaror rnutants (Fig. 1C) test-
ed in vitro and in vivo support a concept that stresses
the importance of the axis-proximal. conserved nucleo-
tides in an operaror half-site consensus A~W IlC--
C6GsA .•.Ay\;C l (Aslanidis et al. 1990). In the rat'systcm.
gel shift competition experiments revealed equat atfinities
of 01 and 0; for RafR {Fig. 4. lunes j-l: Table 1. lines
1-3). It rnay be noted thut the 01 operator sequence
diverges frorn the ideal rut' operator bv a C; to T; tran-
sition in the richt-hand half-site. This asvrnmetrv is rerni-
niscent of wiļd-tvpe lac operaror \\hil:h \:Irie~ in two
positions from cornplete syrnmctrv. but appcars to bind
Lac repressor as etficicntly as a synthetic IS op ideul lac
operutor (Lehrning et al. 1l}87). Whcthcr [he: alrcration
at position :' l'lt" 0\ has an influencc on tr.mscriprion
control by Rat'R has still to he: tcstcd with an idcal 01

palindrorue construcrcd hy in vitro n111ugene:sis.
The 2S5 bp t"LIgIHe:nls B contuining cithcr n.uivc ()I

or O~ SC:YjUe:IKC:S (Fig. I B. C) wcrc rc.uiily dislinguishabk
in gcl shift cxpcrimcuts whcn coiuplcxcd wu h R;It"R
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(Fig. 4, lanes g-i), Despite identical fragment sizes and
protein/D'NA ratios, complexed °I exhibited a slower
electrophoretic mobility than complexed O2 (Fig. 2, lanes
c-e), indicating differences in DNA bending by bound
repressor. Increased bending at 01 may reflecr: (i) the
location of 01, which is closer than O2 to the center of
the 285 bp fragment B (68 bp versus 89 bp distance); and
(ii) the coherence of bending at 01 with intrinsic DNA
curvature upstream of rafA (unpublished data). The dif-
ferent mobilities of complexed 01 and 0: made it pos-
sible to analyze the binding of a single RafR to the native°1O2 configuration. The diffuse (hazy) retardation band
seen in these experiments (Fig. 2, lane f; Fig. 3, lanes c-e)
suggests that RafR oscilIates in an association.dissocia-
tion equilibrium between the spatially condensed opera-
tor siles, which may even continue within the gel matrix
(Fried and Crothers 1981). Most probably, the bent
DNA fragment facilitating this dynamic equilibrium of
one RafR molecu1e with the two operators needs to
change its confonnation dramaticalIy in order to bind a
second repressor molecule (Fig. 2, lane bi. an aspect
further discussed below.

Relatice binding affinities

Relative affinities of O, and 0; operator sites for RafR
were obtained by using norrnalized band intensities from
competition experiments under limiting Ram. concentra-
tion (Fig. 4). Calculated Kl K; ratios reveal that within
experirnental error (:::: 15%) both operators bind repres-
sor with equal affinity when the operators are located on
separate D)JA fragments and only one operator site is
functional per fragrnent (Tabie l. iines !-3l. Il'. however,
both operators are functionaI. binding of the first RafR
molecule is normal. whereas the second RufR is bound
with apparernly l3-fold lower affinity (Table 1. lines
4--6). We assume that this low binding coefīicient reflects
the fact that distortion of the D!'<"Ais needed to accorn-
modate the two closely spaced repressor molecules. Even
though the binding of Ram. to a (lincar) D~.-\ frugrnent
in \'i tro does not give a complete picture of RatR binding
to supercoiled plasmid D;\A in vivo. the above results
clearly suggest cornpetitive rather [han cooperative in-
teractions between two RatR rnolecuīes oound to wild
type 010:.

No "sandwich cornplexes with two D~.-\ tr.igmems
binding a sing]e R;]II"Rmolecuīe have been l'0S.:rWJ. This
indicates that in gel shift ass:.lys the active fl'ml ot' RufR
is a dimer. u notion contorrning lL1 a rccent srudv by
Weickert und Adhyu (19')2) thut .utributes tetr.unerizn-
tion (as in Lacl) to a Cvterrninat leucine minizippcr 11lH

seen in [he Rat'R prorein. all the other h.md. high-srecJ
sedirnent.ition cquilibriurn unalvsis 01' puriricd Rut'R re-
ve.iled retrurneric rcpressor .u high couccntr.uious (.I:IC-
nicke et ul. 1990) wluch, howevcr, mav not prcv.ui in {he
expcrirnents describcd hcrc.

fil iiio contro! (il LIt' trunscript u 'II b v () 1 .;1:.:" ():

The: in vivo lr~lllS(rir(il)1l svstcm uscd hcrc .IS.1 corrcl.uc
ll) gd shit: :Issays IS \\cll suucd to nWiIllll'rIn:: qu.m-

7S
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titatively the effects of raf operator and repressor mu-
tants. The main disadvantage of the pUC8-based multi-
copy plasmid system employed is its instability, which
may result in variable enzyme acitivites. This deficiency
was largely compensated by determining a-Gal activities
only in cultures derived from newly transformed cells,
monitoring the amount of plasmid DNA after each ex-
periment, and averaging values from five independent
analyses.

The specific u-Gal activities obtained with different
operator mutants depend on promoter stength and
mRNA stability under the given conditions. The use of
repression efficiencies, defined as ratios of a-Gal activi-
ties in the absence (pRU1307) and presence (pRUI322-
pRU1329) ofRafR (Table 2), largely eliminates these dif-
ferences. Therefore, the relative repression factors deter-
mined for wild type, two repressor and six operator
mutants may be considered a sensitive measure for as-
sessing the functions of 01 and O2 in transcription con-
trol and the influence of certain rafR mutations on the
affinity of RafR for operator.

The data listed in Table 2 reveal several interesting
aspects of the dual raf operatorļrepressor control on
a-Gal expression.
1. A partial deletion of rafR (pRU1307) renders the
system fully constitutive, whereas a substitution of Thr-
15, the second amino acid residue in the recognition helix
of RafR (pRU1329), resu1ts in about 200-fold reduced
repression, indicating lowered affinity of RafR * for op-
erator DNA.
2. A l200-fold repression was observed in the native
0102 configuration (pRU1322), demonstrating very effi-
cient control by two operators that fl.ank the - 35 pro-
moter box.
3. If both operators contain a point mutation
(pRU1328), repression was only l.5-fold, implying only
residual binding of repressor to the mutant operators.
This dramatic effect of nucleotide substitutions in one
operator half-site suggested that in each variant (Fig. IC)
the contribution of the mutant operator to repression
may be neglected for the sake of assessing the role of the
intact operator site.
4. By applying this criterion to the operator variants
pRUI323-pRUI327. a ditTerence between controls ex-
erted by an intact 01 and 02' respectively, becarne ob-
vious (Table 2): RafR bound to O2 to 45% of rnaxirnurn
repression. whereas RafR bound to 0 l resulted in merely
6 % repression.

These differential effects on rat A transcription by the
nearly identical operators. °1 and O2, must be a conse-
quence of their position relative to the promoter ele-
mcnts. According to Lanzer and Bujard (1988), RNA
polymerase holoenzyrne does not bind to a preforrned
operator-rcprcssor cornplex located betwcen the - 10
and - 35 bl)XCS, while binding rnay take placc in the
presence ot' an upstrearn ar downstreurn opertuor-
rcprcssor CI)l11p!cX. Accordingly, RatR-complcxcd O2

should reprcss transcription of rat A much more ctficicnt-
Iy than RaIR-lo'I)l1lplcxcd 01' It is r.uher unlikcly 111a[
mut ual displ.rccrncnt lo)l' rcprcssor bound Il) °~and R N.-\
polymcr.isc binding [1) prornoter scqucnccs is ulonc re-

71)

sponsible for the observed effect, as the transcnption
initiation complex overlapping sequences upstream and
downstream of the promoter elements would similarly
interfere with complexed 01,

Superimposed on polymerase displacement, a mech-
anism ofrepression may he operative at O2 that involves
repressor-induced twisting of operator DNA, Jeading to
a distortion of the DNA double helix. This displaces the
-10 and - 35 boxes to different sides of the helix, where
they cannot be recognized by RNA polymerase, as has
been deduced for transcription control by Mer R/Hg-
MerR bound to an operator located between the - 10
and - 35 boxes of the mer operon (Ansari et aI. 1992).
In this modei, binding of a second RafR to 01 should
enforce and even increase helix distortion owing to strain
generated by two RafR dimers bound in close proximity.
Thus, the combination of a dominating O2 and an acces-
sory 01 site results in a very effective scheme for control-
ling transcription.
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ABSTRACT

In eukaryotic celis, RNA polymerase 11- and III·
transcribed promoters can be inactivated by sequence-
specific methylation. For some promoter motifs, the
introduction of 5-methyldeoxycytidine (5-mC) residues
has been shown to alter specific promoter motif-
protein interactions. To what extent does the presence
of 5-mC in promoter or regulatory DNA sequences
affect the structure of DNA itself. We have investigated
changes in DNA bending in three naturally occurring
DNA elements, the late E2A promoter of adenovirus
type 2 (Ad2) DNA, one of our main modei systems, the
VAI (virus-associated) RNA gene of Ad2 DNA, and an
Alu el.ement associated with the human angiogenin
gene. Alterations in electrophoretic mobility of
differently permuted promoter segments in non-
denaturing polyacrylamide gels have been used as
assay system. In the late E2A promoter of Ad2 DNA,
a major and possibly some minor DNA bending motifs
exist which cause deviations in electrophoretic mobility
in comparison to coelectrophoresed marker DNA
fragments devoid of DNA bending motifs. DNA
elements have been specifically in vitro methylated by
the Hpall (5'·CCGG-3'), the FnuDII (5'-CGCG-3'), or the
CpG DNA methyltransferase from Spiroplasma species
(M-Sssl; 5'-CG-3'). Methylation by one of these DNA
methyltransferases influences the electrophoretic
mobility of the three tested promoter elements very
strikingly, though to different extents. It cannot be
predicted whether sequence-specific promoter
methylation increases or decreases electrophoretic
mobility; these changes have to be experimentally
determined. Methylation of the E.coli dcm (5'-CCAI
TGG-3') sites in some of the DNA constructs does not
make a contribution to mobility changes. It is
concluded that sequence-specific methylations in
promoter or regulatory DNA elements can alter the
bending of DNA very markedly. This parameter may
contribute significantly to the silencing of promoters,
probably via altering spatial relationships among DNA-
bound transcription factors.

INTRODUCTION

The frequent observation of inverse correlations berween
eukaryotic promoter activity and extent of promoter rnethylation
(for reviews 1. 2) has stimulated experiments to rnethylate
promoter constructs ill vitro and subsequently 10 assess the loss
of their functionality upon rnicroinjection. transfection or in cell-
free transcription systems (3 - !9). In this Iaboratory, we have
used viral or human cellular promorers to dernonstrate that their
sequence-specific methylation kads to inactivation in different
biological systems (for review. 20).

In a functional DNA sequence. the introduction of
5-methyldeoxycytidine residues (5-mC) will or \ViJ]not modulate
DNA - protein interactions depending on the position of 5-mC
in the prornorer (for review. 21). There are mamma1ian proreins
which specifically bind 10 methylated DNA sequences (22. 23).

The relative mobiliry of synthetic oligodeoxyribonucleotides
in polyacrylamide gels (24, 25). or of acrual promoters (26) is
srrikingly altered by sequence-speciric methylation. Methylation-
induced bending of the 359 bp H-ras promoter sequence has been
described when 60 - 70 % of its 5 ī 5' -CG- 3' dinucleotides are
modified by human placenta DN.-\ methyltransferase, bur nor
when only HpaII or HhaI sites are rnethylated (26). It is also
conceivable that helix stabiliry in polynucleotide duplexes or
plasmids is affected by methylation (27 - 30).

In the quest to analyze the molecular rnechanisrn, by which
sequence-specific promoter rnethylation interferes with
transcription. we have performed model experiments on the late
E2A prornoter of adenovirus rype 2 (.-\d2) Di\A. The in vitro
methylation of this prornoter segrneru does not noticeably affect
its inreraction with cellular proteins (3!), However, when a 50
nuc prornoter sequence is in vitro methylated at the two
5' -CCGG-3' sequences. its binding 10 cellular proteins has been
strikingly altered (32, 33).

In this report, we present evidence that the late E2A prornoter
of Ad2 DNA carries intrinsic. sequence-dependem curvarures
in the vicinitv of its TACA siznal. The inrroduction of 5-mC
in specific 5'~G-3' dinucleOlide sequences can elicit detectable
changes in the curvarure of the prornoter sequence. Similar
findings have been documenred for two control regions of the
polyrnerase Ill-transcribed regions, the VAI (virus-associated
RNAl) segrnent of Ad2 DNA and an angiogenin gene-associated
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Alul elernent in human DNA. The irnpact of 5-mC on DNA
curvature is sequence-specific. does not correlate to the number
of 5-mC residues, and 5-mC can augrnent or diminish bending.

MATERIALS AND METHODS
Bacteriai strains and plasmids
E. coli XL l-Blue MR (Stratagene Cloning Systems. La Jolla. CAo
USA) was used for most experirnents involving cJoning and DNA
preparation. The strain GM2163 (New England Biolabs. Beverly.
MA. USA) was employed to obtain dcm : and dam : non-
rnethylared DNA preparations. The plasmid pAd2E2AL-CA T
( 10) carries the late E2A gene prornoter from Ad2 DNA (Ad2
nucleotides 25.886 - 26.369: ref. 34) and the prokaryotic gene
for chlorarnphenicol aceryltransferase (CAT). The plasmid
pVAI.;..Il (35) contains the VAI and VAII regions of Ad2 DNA
(nucleotides 10.579 - 11.338): the plasmid pAngio-2 (36) the
prornoter region and the 5'-flanking Alu elemenr from the human
angiogenin gene (nucleotides 1-1686. in the sequence of Kurachi
et ai .. ref. 37). Tandem dimers of the studied DNA fragments
were obtained by standard cloning techniques. The forrnation of
tandem dimer constructs was facilitated by increasing the
fragrnent.vector ratio in ligation reacrions 10 about 20: 1 and by
perforrning the reaetion in a total volume of 10 J!I for 20 min
at 3rC with 2 units of T4 DNA ligase. Calf intestine alkaline
phosphatase (Cu\P)-treated vector inpur in these ligation reactions
was 5 ng.

Restriction enzymes used in the cloning and perrnutation
analyses were obtained from New England Biolabs. Boehringer
Mannheim (Mannheim. Gerrnany), Amersharn-USB (Cleveland.
Ohio USA) and MBI-Fermentas (Vilnius. Lithuania). CIAP was
from New England Biolabs. T4 DNA ligase from Strategene ar
MBI-Fermentas. Plasmid DNAs were purified by using Qiagen
(Hilden, Germany) Mini- and Midiprep systems.

The in vitro rnethylation of DNA
Supereoiled or linearized plasmid DNAs were methylated in vitro
by the bacterial M-HpaII (Mlil-Fermeruasl or the M-FnuDII
(New England Biolabs or Amersham-U5B) DNA
methyltransferases or by the M-SssI (CpG) DNA methyltrans-
ferase from Spiroplasma species (38) (New England Biolabs or
Amersharn-5UB). NEB buffer Nr. 2 containing 160 J!M S-
adenosylmethionine (SAM) was used in all rnethyiation reactions
which proceeded for 2 to 4 h at 3rC using 2 units of enzyme
per J!g of DNA in a volume of 10 J!I. In rnock-rnethylation
reaetions. SAM was ornirted. At the end of the methylation or
mock-rnethylation experirnents, DNA was reextracted by phenol-
chloroform and ether. ethanol precipitated. washed with 70%
ethanol and resuspended at a fīnal concentration of l J!g in 10
J!I of 0.01 M Tris-HCI. pH 7.5. I mM EDTA (TE). The
completeness of rnethylation was proven by the failure 10 be
c1eaved with HpaII or SacII or by detennination of the nucleotide
sequence. In the pAd2E2AL-CAT construct, two M-FnuDII
recognition sequences in the E2AL prornoter are included in SacII
sites. 5acII is inhibited by M-FnuDII methylation.

Polyacrylarnide gel electrophoresis of D\A
The electrophoretic mobility of DNA fragments was assessed in
5-10% polyacrylamide (acrylarnide.Bis ~9:1) gels (250-
400 x 130x 1 mm). Gels were run for 12-18 h at ~5-30 mA
at 4°C. In gel electrophoresis, 40 mM Tris - acetate. pH 8,0.
I mM EDTA (TAE) butfer was uscd with constant buffer

Nuclcic Acids Research. 1994. Voi. :!:!. No. 13 2569

recycling to prcvent its exhausrion during scparation. The DNA
in gels was stained for 10 min in I J!g of cthidiurn brornide per
mI solution in TAE. destained for 20 - ~O min in water and
photographed on an LN-transilluminator hy using an orange filter
and Polaroid 665 positive-negative film. In paraliel. cornputer
irnages of gels were taken with a Cyberrech CA-l videocarnera.
Even slight anomalities in DNA structure could be readily
documented by changes in mobiliry under the conditions chosen
for gel eJecrrophoresis. Apparenr fragmenr lengths were estirnated
using a CAM program for cornputer irnages of gels (Cybertech,
Gerrnany). For ealibration. DNA fragments with norma!
electrophoretic rnobility in polyacrylarnide gels corresponding
to their acrual sequence lengths were used. These size standards
were produced from the coding part of the tetracycline-resistance
gene of pBR322-group plasmids (39) and the presumably
uncurved parts of the bacterial insertion sequence 155 and rajR
gene (40). The following fragments yielded a straight calibration
plot fo distance migrated in gel versus length (lg) in base pairs
(bp): the 929. 383 and I~ I Bst~ fragments of pBR322 DNA.
the 597 bp BamHIINruI fragmem of pBlU22 DNA. the 475.
292. and 238 bp BstNI fragments of pBR329: :155 Dl\A. and
the 188 bp PstI fragrnent of pRU984 D1\.-\ (41),

RESUL TS AND D1SCUSSION
The prornoter of the late E1A gene of Ad1 D:\A contains a
sequence-dependent bend
The late E2A promoter of Ad2 DNA has served as one of our
main models for investigations on the effect of sequence-specific
DNA methylation on promoter activity. We have now performed
more detailed studies on methylation-dependent strucrural
alterations of this sequence. Even subtle structural differences
berween different DNA rnolecules can be documented by changes
in the electrophoretic rnobility in non-denaruring polyacrylarnide
gels (42. 43). Sueh minor strucrural differences in the curvarure
of DNA rnay be enhanced by methylation and hence more easily
detectable. The altered rnobility of curved D\'A fragments has
been attributed to their reduced end-to-end distance and increased
effective diameter (44. 45). Diameter changes presurnably are
more srriking when the curvarure is located close to the tnidpoint
of the moleeule.

The late E2A promoter fragment of Ad2 O;-.iA (Ad2E2AL)
was cIoned as tandem dimer and was cleaved with different
restriction endonucleases. that cut once per monomer. thus
generating a set of differently permuted prornoter sequences, The
bent part of the DNA was then located in ditferent parts of the
linear molecule (44). In the evaluation of the results adduced by
geI electrophoresis experiments. the ccefficient RL was
calculated as Ma/M,. i.e. the apparent versus the real (sequence)
lensth of the molecule.

The map of the 490 bp late E2A (E2AL) prornoter fragment
of Ad2 DNA frorn plasmid pAd2E2AL-CA T (1Q) (nucleotides
25.886-26,369 plus seven nucleotides from the vector: ref. 34)
is shown in Fig. la. This DNA sequence contains 34 5'-CG-3'
dinucleotides, which can be in vitro rnethylated by the CpG DNA
rnethvltransferase (M-SssI: ref. 38). 3 recosnition sequences each
for the HpaII (5'-CCGG-},) and the de~ (5'-CC(A/T)GG-Y)
DNA methvltransferases. and 2 sites for the FnuOIl
t5'-CGCG-3:) DNA methyltransferase. Tandern dimers of the
E2AL prornoter sequence were generated hy cloning this 490
bp HindlIl fragrnent. irs 364 bp Pstl subfragrnent, or its 220 bp
Mspl subfragrnent into suitable sites in the vector plasmid
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Figure 1. Localization of sequence-dependent bending motifs in the E2AL prornoter of Ad2 DNA. (a) Structure of the 490 bp Hindill fragmem carrying the 2AL
promoter in the pAd2E2AL-CA T construct (JO). The restriction siles used in the cloning of subfragmems and In the perrnuration analyses are mdicared above the
prornoter symbol, Addiuonal sires used in the permutauon analyses of the 36-ļ bp Pstl or the 220 bp Msp! subfragrnents are indicated below the prornoter symbol,
Locations of the Msp! and Pstl subfragmenrs are designated by thin Iines. the sequence pan deleted in p~.ļ6-C.-\ T by a solid bar. Explanarion of other syrnbols:
•. recognition sequence forMvSssl: ~. M-Hpall; •. 1\I-FnuDII: *. dcm methylase: ~ . cap site of E2AL prornoter. The sequence pan included in the doughnur-
shaped symbol carries the sequence-dependem bend: the dashed oval refers ro a minor putative bending motif. The nurnbering of nucleotides stans WIth the first
A in the Hindill recognition sequence, (b) The electrophoretic mobiliņ, of thepermuted sequences from the tandern dimer 3M bp Pstl IE2AL prornoter subrragmern
in a non-denaturing 8't polyacrylarnide gel. Identical lengths rnarker fragments were coeļectrophoresed as internal standards in each lane. Restriction enzyrnes used
ro create perrnuted sequences were indicated beneath the ethidiurn-brornide stained gel. A scheme of their distribution in the tandern dimer of the ](H br Pstl fragrnem.
with the DNA bending rnotifs in the doughnur-snaped symbol ar in the dashed oval were also presented. Marker fragrnems rnigraung in the polyacrvlarnide gel
according [0 their acrual sequence iengths were indicated on the right: M 1-'ļ75 bp: !\12-383 bp: M3-291 bp. Arrow denotes the virtual position in the gel of
the unbem 36-ļ bp Iragment. IC) RL curves for the .•90' bp HindllI (-.-.-). 364 bp Pstl 1-.-.-). or the 220 bp MspI (- ~ - ~ -) tandern dirner tragments. The
apparem lengths of these rnolecules were estirnated by electrophoresis in 8~ polyacryiarnide gels run at .ļ "C. The de\'iation bars in these measurerncrus were =
0.02 to rnaxirnally .= 0.03.

pBS( +). The ensuing constructs were termed pdH490. pdP364
or pdM220, respectively. When these tandem dimer constructs
were cleaved once by singie site-curting restrictases. unit length
fragments with permuted nucleotide sequences were produced
(graphic scheme in Fig. lb). These fragments rnigrate identically
in 1% agarose gels or in 8 % polyacrylamide gets electrophoresed
at 65°C (data not shown).

However. at .lOC rhe permuted E2AL prornoter fragments
excised from the pdP364 COnSIl1JCI migrared in an 8 %
poJyacrylamide geJ with velocities correspending lo apparent
molecular lengths between 395 and .ļ.ļ5 bp (photograph of
ethidium bromide-stained gel in Fig. 1b). The fastest rnigrating

fragments were created upon cleavage with Aatll or Bsu36I.
Hence, the major sequence rnotif responsible for D1\A bending
appeared to be located in a region between inese sites which
contains the T ACA sequence of the E2AL promoter These
deviations in gel migration could be reproduced in more than
15 different experirnents. The RL values thus determined for a
nurnber of different E2AL pro mater fragments were graphically
surrunarized in Fig. Ie. Gel concenrrations between 5 and 10%
yielded vef)' similar results. with the RL values decreasing at
lower concentrations, The TAI: buffer yielded more disrinct bands
in electrophoresis experirnerus (han other butter systems (.lata
not shown: see Materials and Methods for butfer concentration).
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Figure 2. Methylation of 5'-CpG-3' dinucleotides modifīes bending of the E2AL prornoter DNA, (a) Influence of HpaII (5' -CCGG-3') and dcm (5'-CC(AT)GG-3')
rnethylation on the topology of the E2AL non-permutared prornoter fragment. In lanes 1~.ļ. the 490 bp HindIII ar the 364 bp Pstl E2AL prornoter fragment of
the pAd2E2AL-CAT construct ar the 325 bp Pstl fragment froml?.l46.C..\T (rnarked' with '1 to '3 on the left margin) was rnixed and coelectrophoresed with 6
rnarker fragments (M). the restriction products of plasmids pBR322 and pBR329::!S5. The rnarker fragments ~l (597 bp). M2 (475 bp), ~f" (383 bp), and 1\16
(292 bp) migrate in polyacrylamide gels strictly according to their acrual lengths. The E2AL prornoter DNAs in Ianes 1 and 2 were isolared from dcrn -. in lanes
3 and 4 from dcrn " E.co/i strains, Plasmid DKA.s in lanes 2 and 4 were in vitro rnethylated with M-HpaII (H) before c1eavage with Hindlll ar Pstl. Plasmid D"As
in lanes I and 3 were mock-rnethylated (0). Lanes 5 and 6: The 364 bp Pstl fragments ('2). as used in lanes 3 and .ļ were further cleaved with Sac!. (b) Sequence
permutations affect the impact of rnethylation-induced changes in E2AL promoter fragment topology. as determined by rnobiliry assays in a polyacrylamide gel.
Sequence-specifīc DNA methyltransferases used for the in vitro rnodiflcation of the pdP364 DNA were denoted above the fīgure: H-M-HpaII. O-mock-methylation
with HpaII. F-M-FnuDIl. Restriction enzymes used 10 generale the fragments were listed above the lanes of corresponding fragments ("). Marker fragments (M)
were included in each lane to assess the qualiry of separation. (c) Changes in electrophoretic mobiliry of permuted sequences of the 364 bp Pstl fragment of the
E2AL prornoter imposed by M-SssI rnethylation of all 5' -CpG-3' dinucleotides. Lanes containing M-SssI treated DNA were rnarked with S, Ianes containing \1-SssI
rnock-rnethylated D1'."Awith O.

The tīnd.ing of abnormal migration behavior of subfragrnents in
the E2AL prornoter corroborated the location of the major Dr--;A
bending motif in the TACA region. FIucruations in the apparent
lengths of dimers of the E2AL promoter fragment perrnuted with
Bsu36I. ApoI or AatII indicate that the bend in the TACA box
region is acrually formed by rwo distinct motifs located cIose to
each other (Fig. 2c). The plateau region in the RL curve
preced.ing the ApaI permuted site of construct pdH490, the Sac!
site of pdP364, and foIIowing the HgaI site of pdM220 suggests
the existence of another minor curvature motif berween the MunI
and Sac! sites. Since the RL vaJues for fragments derived from
the pdH490 ar the pdP364 constructs are strikingly higher than
for those derived from the shorter pdM220 construct. the major
DNA bending motif appears to overlap the termini of the laner
fragment. The abnormal migration of DNA fragments in
polyacrylarnide gel electrophoresis is maximal when a bent
segment is flanked on both sides by stretches of about 150 bp.
Shorter flanking sequences decrease anomaJies in migration rates.
For the pdM220 construct, therefore, the anomaly is reduced
compared to the longer constructs,

Assigning the cornplex curvarure of the E2AL prornoter
segment to one major bending motif close to the center of the
rnost slowly rnigrating fragments, the equation MJMJ = cos
0:/2 t 'ļ6) can be tentatively applied to quantitate the curvature ,
Different subfragrnents of the E2AL prornoter might deviate from
iinearity by angles berween .ļ()" and 70°. The flucruations around

an estimated value suggest that add.itionaI sequence motifs rnight
contribute to the bend topology.

Irnpact of sequence-specific rnethylation on the topology of
the E2AL promoter
The plasmid constructs pdP364 and pdH490 were in vitro
methylated with the HpaII (5'-C·CGG-3'), or the FnuDII
(5'-+CG-CG-3'), or the SssI (5'-+CG-3') DNA rnethyltrans-
ferase to assess the role of sequence-specific methylation on the
topology of this E2AL promoter segment. The rnethylated
plasmids were used only when appropriate restriction analyses
confirmed complete rnethylation at the modified sites.

For some of the experirnents, a plasmid devoid of the
5'-CCGG-3' sites at positions +6 and +24 relative to the + 1
site of transcriptional initiation in the E2AL promoter was
constructed. The XbaI - BstXI fragment from the pdM220
construct was blunt-ended with Klenow polymerase and ligated
into the Ppulvīl - BsXl equally blunt-ended pAd2E2AL-CA T
plasmid. The XbaI site in the pd.M220 construet was derived from
the pBS( + ) plasmid veetor. In the thus generated E2AL promoter
construct (p~46-CA T), the segment between nucIeotides + 7 to
+52 was replaced by the 5'-CTAGAGT-3' sequence from the
pBS( +) plasmid (see Fig. la). This construct had onJy the one
5'-CCGG-3' site left at nucleotide -215.

The E2AL promoter contains three 5'-CC(A!nGG-3' (dcm)
sequences which are modified by the dcm DNA methyltransferase

S.ļ
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CONCLUSION
The data presented for transcriptionally active DNA fragments.
the RNA polymerase Il-transcribed E2AL promoter of Ad2
DNA. the polyrnerase III-transcribed VAI segment of Ad2 DNA
and a human Alu element associated with the 5' -end of the
angiogenin gene, demonstrate that a few 5-mC residues in
5'-CG-3' dinucleotides can elicir reproducible changes in DNA
topology, Mobiliry assays in non-denaturing polyacrylamide gels
have been successfully exploited to document topological changes
and altered gel rnobility. The direction of the mobility changes.
increases or decreases. cannot be predicted but have to be
experimentally determined. Our data for the three DNA segments
investigated have been summarized in Table 1.

The bending motifs observed in the DNA segments investigated
are not as effective in influencing the migration rate of the DNA
segment as. e.g., the one present on the 5' -terminus of the IS5
element (48) which elicits a RL vaJue of > 2.0.

At present, we surrnise that the moduJation of E2AL prornoter
topology effected by 5'-CCGG-3' methyJation can influence the
fme tuning of protein - DNA and protein - protein interactions
in the transcription apparatus thus that rranseriptional inactivation
ensues. It appears reasonable to suggest that the 5'-AAA TIT-3'
sequence, that is located irnrnediately 5' adjacent to the TACA
motif of the E2AL prornoter . represents the cruciaJ elernent in
the DNA bending motif(cf. Fig. la). The TATA-binding protein
and the transcription factor TFIID bend DNA upon binding
(49-51). Hence, it will he interesring to investigate how the
rnethylation-induced changes in bending of prornoter DNA wiJl
influence the topology of a complex berween the E2AL promoter
and the TATA-binding protein.

The data presented support the interpretation that the migration
rate of 5'-CCGG-3' methylated DNA fragments is the more
strikingly affected, the closer the modified sequence lies to the
center of the molecule (Fig. 2b. lanes 3-6; Fig. 3b, lanes 2.
5, 8). When the rnethylated sequence is shifted rowards the
terminus by permutation of the dimer construct, the effect on
migration in general decreases. It is conceivable that the
methylation-induced topology changes are associated with minor
kinking of the DNA structure. The data indicate that 5' -CG-3'
methylation does not elicit curnulative effects on DNA topology.
Minor strucrural alterations due to kinks at different sites in the
helix may neutralize each other in their irnpact on the overaIl
structure of the moJecule. These kinks can, however, facilitate
bending or interfere with existing strucrural motifs in a phasing
dependent manner. The rwist angle of base pair stacking rnay
not be significantly influenced by 5'-CG-3' methylation.

Since presence or absence of 5-mC residues in the
5' -CC(A/T)GG-3' (dcrn) sequence does not have any effect on
the mobility of the investigated DNA fragments. DNA bending
effeets appear ro be restricted ro methylated 5' -CG-3' sequences.
On the other hand, introduction of a Nb-methyldeoxyadenosine
residue in the 5'-GATC-3' sequence by the dam DNA
rnethyltransferase affects bending very strikingJy (dara nor
presented), The methy lation of C residues in 5' -CG- 3' .
5' -GCGC-3' ar 5' -CCGG-3' sequences induces similar DNAse
I-hypersensitive sites immediately 5' to the rnethylated nucleotide
(16, 31. 52). We have observed that FnuDII-creared
hernimethylated patterns in DNA cao also lead to an enhancemem
of DNase 1 sensitiviry of irnmediately upstream Iocated
phosphodiester bonds (dara not shown). Thus, sirniJar detleetions
of the locaJ DNA axis at rnethylated 5'·CG-3'. 5'-GCGC-3' or

5' -CCGG-3' sequences rnay he involved 10 more CXlenSI\"C
modulations of DNA ropology in larger genorne segments.
Complex effects of rnethylation patterns on the bending of native
DNA fragments are deterrnined l1y the rnutual phasing of rnethyl
groups and their phasing lO intrinsically curved D1\A motifs.
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Abstract
The inhibiting or inactivating effects of position-specifie prornoter methylation in different viral or human eelluJar promorers A.d2 E2A.L. SV40.

LTR-MMTV. HSY-tk. TNFa) have been eompared by in vitro 5'-CCGG·3' methylation by l\l-HpaII or the M-SssI D;'IIA·methyltransferase.
respectively. In rnost promoters. 5'-CG-3' rnethylation reduees activity to a few percent of that of rnock-rnethylated controls. The number of 5'-CG-Y
dinucleotides in a promoter does not strictly eorrelate with the extent of rnethylation inhibition. The lTR-MMTV prornoter. which lacks 5'-CG-3'
dinucleotides. is not affected by methylation. The late E2:\ promoter of A.d2 DNA cannot he inactivated by 5'-CCGG-3' methylation when the
construct carries the strong cytornegalovirus enhancer devoid of this sequence, In contrast, 5'-CG-3' rnethylation shuts this prornoter oIT C\'C:J In the
presence of this enhancer,

Key words: Sequence-specific DNA methylation: DNA-methyltransferase: Viral prornoter: Human TNFcr gene promoter:
Chloramphenicol acetyltransferase or luciferase reporter gene: DNA transfection

1. Introduction

Through studies on many different eukaryotic pro-
moters the concept that sequence-specific DNA methyla-
tion can lead to the inactivation of promoters [IJ has
gained acceptance (see references in [2]). The methyla-
tion-sensitive site(s) in a given promoter cannot be pre-
dicted but must be experimentally determined. It is likely
that prornoter methylation interferes with transcription
factor binding [3-6J or promotes the binding of methyl
group-dependent factors to promoter motifs [7J. This
interpretation could explain why the methylation of dif-
ferent promoter motifs is associated with gene inactiva-
tion.

We have shown previously that sequence-specific pro-
moter methylation inactivates the RNA polymerase II-
transcribed late E2A promoter of adenovirus type 2
(Ad2) DNA [8-IIJ. the ElA promoter of Adl2 DNA
[12]. the major late promoter of Ad1 DNA [13] or even
the plO gene promoter of the insect virus, Autographa
californica. nuclear polyhedrosis virus DNA in insect
ceJJs[14]. The RNA poJyrnerase III-transcribed elements
for VA (virus associated) RNA of Ad2 DNA [15J and
Alu elements from the human genome [16] are also tran-

"Correspending author. Fax: (49) (221) 4705163.
E-mail: doerfler@sean.genetik.uni-koeln.de.

•• Present uddress: Faculty of Biology. University of Latvia. Kronvalda
Boul\'. 4. lY·1587 Ri):a. latvia.

scriptionally inhibited by the sequence-specific methyla-
tion of control sequences in these elements.

Here, we report on the results of a cornparative study
testing the etTects of 5'-CG-3' methylation on the activi-
ties of the late E1A promoter of Ad1 DNA. the early
SV40 promoter, the LTR (long terminal repeat l-located
promoter ofmouse marnmary tumor virus (MrvlTV), the
thymidine kinase promoter from herpes simplex virus
(HSV), and of the promoter of the human tumor necrosis
factor (TNF) (I gene. With the exception of the early
SV40 promoter. which is strongly inhibited. 5'-CG-3'
methylation practically inactivates all the other promot-
ers tested.

2. Materials and metbods

:l 1. Celt lines used in transtcction experirnent s
Human He La cells (ATCC CCl 2l. a cervical carcinorna ceil line. the

human PA-l eellline derived frorn an ovarian teratocarcinorna I:\TCC
CRl 1572) (17], and the Adč-transformed human eell line. 293 [18J.
were propagated in Dulbeccos medium enriched with IO'č fetal calf
serurn.

:l.:. P/asmids cmployed In this studv
Table 1 presents an overview of all plasmid constructs used, the

prornoters and the reporter genes, and IiSl.S the derivation of these
constructs,

::.3. Newlv made plasmid constructs
:.3.1. pAd:!-E:!.4L·LCX. The 490 bp HindlIl fragment carrying'

(he late E2A prornoter of Ad2 D!'iA was re-cloned into [he HmdlII site
of the plasrnid, pGB-Basie (Prornega) .

:.32. pTNF;J.EN-CAT ·LCX'. The 632 bp SnruI-E,'o:-;ll-615
(0 + 17) fragrnent from the human TNF;J. gene prornorer [20] was

0014-5793/941$7.00 r: 1'194 Federation of European Biochernical Socieues. :-\11rights reserved,
SSDIOOI4-57'nt'l4)00394·B
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treated with Klenow polymerasc [27J and cloned in lo [he Smal sile of
pBS+ (Stratagene. LaJolla. CAo USA). From this construct, the TNFa
prornoter was re-cloned into the pSVO-CAT plasmid as a HilldlI1-Sdcl
fragment or into the pGL-Basic plasmid as a Hindll\-Kŗml fragrncnt.

:!.3.3. pTNF:I. HP-CAT(-LL'X!. The 795 bp Hpal\ fragrncnt
(-592 lo + 20:;) of the human TNEx gene prornoter was cloned first
into the Accl site of the pBS· vector and then re-cloned into the pS\'O-
CAT plasrnid as a HilldIIl-Sdcl fragment or into the pGL-Basic plas-
mid as a Hilldlll-KpnI fragrnent,

Plasmid constructs were prepared using standard cloning techniques.
Plasmid DNAs were purified by using Qiagen (Diagen. Hilden. Ger-
many) Midi- and Maxiprep systems.

:!..I. The in vitro methvlation of DNA
Plasmid DNAs were methylated in vitro by the bacterial M-HpalI

(Mlšl-Ferrnentas. Vilnius. Lithuania) or by the M-Sssl (CpG) [28]
DNA-melhyltransferase (New England Biolabs. Beverly, MA. USA. or
Amersham-USB. Cleveland. OH. USA). NEB bufTer No. 2 was made
160.ut-.t S-adenosylmelhionine (SAM) and used in all rnethylation reac-
tions which proceeded for 1-4 h ai 3rC using 2 U of enzyme per ug
ofDNA in a volurne of 1O.ul. In mock-rnethylation reactions. SAM was
omitted. At the end of the methylation or mock-rnethylation reaction,
DNA was re-extracted by phenol-chloroform and ether. ethanol pre-
cipitated, washed with 70% ethanol and resuspended at a final DNA
concentration of l.ug in 10,111of 0.01 M Tris-HCI. pH 7.5. 1 mM EDTA
(TE), Complete rnethylation was assessed by restricting DN A with
HpaII or by deterrnining the nucleotide sequence. In addition. changes
in plasm.id topoisomer distributions were tested by electrophoresis of
uncut DNA in 0.8% agarose gels. All enzyrne preparations used pro-
duced remarkable relaxation of the supercoiled form of plasmid DNA
both in mock- and methylation reactions. Plasm.id preparations with an
excess of relaxed plasmid topoisorners were nor used in transfection
experiments,

:!..'. Transfection and reporter gene activity assavs
Human cell lines were transfected 14 h after re-plating with pro-

moter-reporter gene constructs by the calcium phosphate precipitation
technique [19]. Amounts of 2-5 ug of plasmid DNA were used per 5
cm diameter dish of HeLa or 293 celis. and 0.5-1.0 ug for PA-I celis.
The published protocol was applied with the following modi.fications:
the HEPES bufTer solution was pH 6.96: the glycerol shock step was
omitted: medium was first chanzed 24 h after the addition of the DKA-
Ca1+ precipitates; the cells were harvested 48 h after transfection,

CAT activity was determined according ro standard procedures

Table l
Plasmid constructs used in transcription experiments"

!. Muiznicks. li" Docrticrl FEBS Lctur» J.J.I (1904) :!51-:!54

[12.19) and exprcsscd as pcrccnt conversion of chlorarnphcnicol (CAMl
to acctylated CAM forrns during a I h incub.uion. Activity of p-galac·
tosidase was deicrmincd according tl' Hall el aI. [21] and expressed in
arbitrary units. UJX activity was dctcrrnincd using the Prornega assav
system and a Lumat LB9501 lurninorncrer (Berthold. Bad Wildbad,
Gerrnany), LUX activity was exprcssed in relative light units. Reporter
gene activities werc norrnalizcd relative to the amounts of cellular pro-
tein in culture Jvsatcs. Protcin concentration was deterrnined accordinc
to [30]. The dat; preserued in the tablcs werc typical values deri ved froo";
at least 3. but in rnost cases from 10--12 indcpcndcnt transfection exper-
iments.

3. Results and discussion

3.1. Aim of project
We have previously shown that the Iate E2A promater

of Ad2 DNA can be inhibited ar inactivated by in vitro
methylation at the 5'-CCGG-3' sequences [9.IIJ. We
have now compared this promoter activity upon methyl-
ation at the three 5'-CCGG-3' sequences at + 6. + 24.
and -215 relative to the cap site at + 1 with its activity
when all 5'-CG-3' sequences were methylated by di/Ter-
ent DNA-methyltransferases and upon transfection of
these rnethylated constructs into difTerent human cell
lines. We have also demonstrated that the 13S ElA func-
tion of Ad2 ar of Ad5 DNA can overcome, at least
partly, the inhibitory effect of methylation in this pro-
mater [Il ,23J. Similarly, presence of the strong early
enhancer from human cytomegalovirus (HCMV) coun-
teracts the inactivating function of 5'-CCGG-3' methyla-
tion in the la te E2A promater [24J.

It has been the second aim of this study to compare
the efTects of 5'-CCGG-3' with those of 5'-CG-3' methyl-
ation on a series of viral and mammaIian cellular pro-
mater constructs to underline the fact that results derived

Plasm.id Prornoter Reporter gene Reference

pSV1-CAT SV40 early CAT [I9]
pSVO-CAT none CAT [19)
pBLCAT2 HSV tk CAT [20J
pCHllO SV40 early p-Gal [21]
pMMTV MMTV-LTR p-Gal [22]
pAd2E2AL-CAT E2AL CAT [23J
pAd1E2AL-HCMV-CAT E1AL+HCMV CAT [2'ļ]
pAd2E2AL-HCMV (Bam-CAn E2AL-HCMV CAT [2'ļ]
pGL-Control SV40 early LL'X Prornega, Madison. \VI. USA
pGB-Basic none LUX Prornega
pAd2E2.<\L-LUX E2AL UJX This work
pTNFcx-EN-CAT P-TNF::x CAT This work
pTNFa-HP-CAT P-NF::x CAT This work
pTNF:I.-EN-LUX P-NFcz U':X This work
pTNF:I.-HP-LL'X P-TNF::x LUX This work
pE2AL-J46-CAT E2A-.J46 CAT [25J

Prornoters: SV'ļ{) early, Sirnian virus 40 carly region of transcription: HSV Ik. Herpes sirnplex virus thyrnidylate kinase: E2AL. adenovirus type 2
late ElA gene prornoter: pTNF:x. human rumor necrosis factor :1. gene prornoter: MMTV-L TR. rnouse marnmary tumor virus long terminal repcat:
HCMV. human cytornegalovirus irnrnediate early enhancer: Reporter gcnes: CAT. chloramphenicol acetvttransterase: Ll"X. firdly Iuciferase: p·Ga!.
r-?crerial p-galacwsidase.
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Table 2
5'-CpG-~' rnethylated E2A late gene promoter is inactivated

Plasmid
construct

Methylation by Cel I line used for rransfection
ONA-methyltrans- (% activity)"
ferase from

HeLa PA-I 29~

pAd2-E2AL- M-HpaIl 20 25 100
CAT M-SssI < 1 2 I

pAd2-E2AL- M-HpaIJ 100 100 NO"
HCMV-CAT M-SssI < I 3 ND

PAd2-E2AL- M-HpaIJ 100 100 ND
HCMV(Bam)- M-SssI 2 3 NO
CAT

'Activities of promoter constructs were expressed as percent activity of
rnock-methylated promoter. which was arbitrarily set at 100%.
"ND = not deterrnined.

from viral promoter systems are valid for human cel!
promoters as well.

3.2. The methylation of 5'-CG-3' sequences inactivates
the late E2A promoter of Ad2 DNA

The data in Table 2 document that 5'-CG-3' methyla-
tion of the late ElA promoter of Ad2 DNA by the M-
SssI DNA-methy1transferase from Spiroplasma spp. in-
activates this promoter, even in the presence of the
HCMV enhancer. As described earlier [24] and recon-
firmed by some of the resu1ts in Tab1e 2, 5'-CCGG-3'
methylation by the M-HpaII DNA-methyltransferase
does not even slightly affect the activity of 1ate E2A
promoter-CAT gene constructs which contain the strong
HCMV enhancer. These data can probab1y be exp1ained
by the fact that the HCMV enhancer [31] does not carry
a single HpaII site. but seventeen 5'-CG-3' dinucleotides
which render it susceptible to M-5ss1 rnethylation. The
silencing of the 1ate E2A promoter of Ad2 DNA by
complete 5'-CG-3' rnethylation cannot be overcorne ei-
ther by the E 1A adenovirus functions which are constitu-
tivelyexpressed in the human cel! line, 293 (Table 2). In
contrast, the inhibitory effect of 5'-CCGG-3' methyla-
tion of the late ElA promoter by the M-HpaII DNA-
methyltransferase is counteracted by the ElA functions
present in 293 cells. The transactivating effect of the ElA
13S gene product on the late ElA promoter [II] is obvi-
ously compromised when all 5'-CG-3' dinucJeotides are
methylated.

It should be mentioned that the absolute strength of
the three prornoter constructs presented in Table 2 ditTer
and is highest in the human PA-I teratocarcinorna cell
line. The presence of the HCMV enhancer in two of the
unmethylated constructs mises their absolute activities
by a factor of about ten (data not shown).
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3.3. Different protnoters diffcr in activit v upon
transfection into human HeLa cclls

Prior to deterrnining the effect of 5' -CG-3' methylation
on different viral and human ccll promoters. the relative
activities of these promoters were assessed in combina-
tion with three ditTerent indicator genes upon transfec-
tion into human HeLa celis. The relative values are jux-
taposed in Table 3 and demonstrate the following:
(i) With the exception of the early SV40 and possibly the
HSV-tk promoters, all other promoter-reporter gene
constructs have about comparable relative activities in-
dependent of the indicator genes used (CAT. ļJ-Ga!. or
LUX). The early SV40 and the HSV tk promoters have
higher activities with the CAT reporter gene. (ii) Two
slight1y ditTerent1y designed human TNFa: gene pro-
moter constructs exhibit appreciable activities, simi1ar in
conjunction both with the CAT and LUX gene reporters.

3.4. The human TNFa: gene promoter is expressed in
human epithelial eell lines and is completely
inactivated by 5'-CG-3' methvlation

In both human HeLa (Table 3) and PA-1 celis. the
TNFa: gene promoter activates the CAT and LUX re-
porter genes. This activity is unaffected by TNFa: induc-
ers, such as phorbol ester or bacterial lipopolysac-
charides (data not shown). As shown by the resu1ts of
5'-CG-3' methylation experiments in Table 4, the human
TNFa: promoter is almost cornpletely inactivated by this
modification.

3.5. Promoter inactivation by 5'-CG-3' methvlation: a
comparative study

The presentation of data in Table 4 correlates the

Table 3
Relative activities in HeLa cel1s of different prornoters with the same
reporter gene

Prornoter' Relative strength of prornoters in HeLa
cells with different reporter genes

Number of
5'-CG-3'
dinucleo-
tides"

CAT ļl-Gal LL"X

E2AL Il xo- 1
E2:\.L-J46' Il O.S ~O NO
T;\IF:t-EN 4 2 ~'D ,
TNF:t-HP 4 O.S "0 5
5\"40 early 7 300 3 10
MMTV 0 NO 1 NO
HSVtk 16 10 :\"D ND

'Relative strength of prornorers was cornpared in constructs carrying
different prornoters but the sarne reporter gene.
"Nurnber of 5'-CG-}' inucleotides in 120 nucleotides upstrearn from the
cap site.
'In this prornoter construct. the nucleotide + 710+ 52 sequence relative
Cu (he + 1 cap site in the lare E2A prornorer encompassing the + 6 and
+ 24 5'-CCGG-3' sile was deletcd [251.
J"O = not deterrnined.
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Table 4
A comparison of the sensitivities of different viral and human cellular
promoters (0 inactivation by 5'-CG-Y methylation

Prornotcr' Number of 5'-CG-J' Reporter genc
dinucleotides"

CAT fJ-Gal LUX

E2AL 11 < I ND' <1
E2AL-j.ļļiJ II < I ND ND
TNFa-EN 4 <1 ND <1
TNFa-HP 4 < I ND 5
SV40 early 40 50 20
MMTI' 0 ND 100 ND
HSV tk 16 2 NO ND

aActivity ofCpG rnethylated prornoters was expressed as percent of the
mock-rnethylated counterparts.
"Nurnber of 5'-CG-3' dinucleotides in 120 nucleor.ides upstrearn from
the cap site.
'ND = not deterrnined,
"In this prornorer construcr. the + 7 to + 52 nucleotide sequence in the
late E2A prornoter was deleted [25].

number of 5'-CG-3' dinucleotides in the different pro-
moters and their sensitivities to inactivation by 5'-CG-3'
methylation in test constructs. Even low numbers of 5'-
CG-3' dinucleotides, e.g. four in the human TNFa pro-
moter, suffice to elicit complete inactivation. In contrast.
the activity of the early SV40 promoter with seven 5'-
CG-3' dinucleotides is only mcderately sensitive to 5'-
CG-3' methylation. Lastly, the LTR-MMTV promoter,
which is devoid of 5'-CG-3' dinucleotides, does not re-
spond to 5'·CG-3' rnethylation: its activity remains una-
bated.

It is plausible to suggest that the sensitivity of a pro-
moter to 5'-CG-3' methylation depends erueially on the
position of these sequences relative to essential protein-
binding sites and less on the absolute number of these
sites. It wouJd be premature to specuJate on the possible
sites affeeted by 5'-CG-3' methylation in each of the
promoter eonstructs investigated. This comparative
study demonstrates that viral and cellular promoters are
sirnilarly affected in their activities by sequence position-
specifie DNA methylation.
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Abstract

We exarnined the effects of the immunomodulator-adenylate deaminase (E.c. 3.5.4.6) from Penicillium lanoso-ciride on
experimental mice infections. Prophylactic intraperitoneal administration of adenylate deaminase (ADA) increased survr ..ai
time and numbers of survivors after infection with Salmonella typhimurium. Pseudomonas aeruginosa and influenza .-\
(H3N2) virus. Protection against influenza virus after intranasal ADA application was also observed. The influence of .-\DA
was time and dose dependent, The most pronounced protection was obtained by administration of 3 C ADA/mice 24 h prior
to infection. ADA had no antibiotic effect against these bacteriaJ strains. Protective effects of ADA were srudied in
imrnunosuppressed mice under different regimes of treatrnent including cyclosporin A and trypan blue. The results indicatcd,
that the protective effect of ADA is of a complex narure and probably depends on both T-cell and macrophage cornponents.

Keywords: Adenylate dearninase: Jrnmunomodulation: lnfections

1. Introduction

Activation of host defense mechanisms by natural
imrnunostirnulating agents is an attractive alternative
to established methods of treating of infectious dis-
eases. Particular attention has been given to surnula-
tion of resisrance in cases of rnicrobial infections and
turnours, Potential pathogens used in integrated mod-
els are non-toxigenic bacteria, viruses, parasites and
fungi (Azurna and Jol\es. 1987).

Non-specific adenylate dearninase (E.C. 3.5.4.6)
IS a glycoprorein produced by rnicroscopic tungus

. Correspending aurhor. Tel.: -J71-7-J22lJl-I. Fax: "'"-'71-7-
8-'0291.

Penicillium lanoso-uiride during a particular phase
of growth. i.e., conidia spore formation. A highly
productive strain was selected and rnethods of iS0!J.-
tion and purification were elaborated in our labora-
tory (Revelina et al., 1981: Nikolajeva, 198~).

In vivo studies on experimental anirnals h3\ e
dernonstrared that purified adenylate dearninase
(ADA) has imrnunornodulating properties. Borh
cell-rnediated and humora] immunity rcactions \\<:re
affccted by ADA administration (Lik et al.. j q~C':

Nikolajeva and Muiznieks. 1985).
The present urticlc describes .-\DA-cnh;.mced lh1~(

resistance to sclccted infcctious agents, Exarnplcs ot
acute experirnentul mice infections involv cd
Sa Im on cilu nph iIIIII,.i 11111. Pseudomonas (It:' rug ill, 'S.:

OI62-3109/<J6/S 15.00 Copyrighr 9 I 'N6 Elsevier 5':I<:n.:<: B.v . .-\11righcs reserved.
Pil SOI62--,ILl<Jt'I()OOI-l2-7
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2.4. Treatment of animalsand inf1uenza virus A.

2. Materials and methods

2.J. Animals

Conventional female inbred CBA and outbred
ICR mice weighing 18 to 20 g (Grindex. Latvia)
were used. Mice were fed a balanced mouse pelIet
food (Grindex) and water ad libitum.

2.2. Jnfectious agents

Salmonella rvphirnurium 'ote Hhl, iB~'~-
~ 1IIId Shftf",er~,--i~l~>'strain LT-2was received
from Dr. B. Rak University of Freiburg (Germany):
Pseudomonas aeruginosa ~<!M@le'll'f; tg'1:~~~ t r

~ from the CoIlection ot the Department of Mi-
crobiology University of Latvia; inūuenza virus
A/ Aichi (H3N2) was obtained from the Institute of
Microbiology Latvian Academy of Sciences.

2.3. Drugs

ADA (adenylate dearninase) was isolated from
cell extracts of conidia forming cultures of Penicil-
lium lanoso-ciride. Cell extracts were fractionated
with ammonium sulphate and further purified by
chromatography on Sephadex G-200 and DE-52
(Nikolajeva, 1982). One unit (1 U) of enzyme activ-
ity is determined as the quantity of ADA which
deaminates 1.0 u mol of 5'-AMP to 5'-IMP per min
at 37°C, pH 6.0. ElectrophoreticaJly homogeneous
enzyme preparations with specifie activity 50 U per
mg protein were freeze-dried. Prior to applicarion the
enzyme preparations were re-dissoived in 0.9%
saline. Apyrogenic ADA preparations were obtained
using prepacked columns of Detoxi-gel ~ endotoxin
rernoving (Pierce ) and non-pyrogenic Minisart ~
NML (Sartorius) single use tīIters.

Cyclosporin A (c' closporin or Sandimmun. San-
doz, Basel, Switzerland) concentrate for intravenous
infusion containing 50 mg ci:Josporin per I rnl, 650
mg polyoxyethylated castor oil. 33'ī- alcohol by
volurne, Trypan blue (Sigma) was dissolved in wa-
ter.

S. typhimurium was administcred intraperitoneally
1.0 X 108 CFU (colony forming units) per rnouse, P.
aeruginosa 1.7 X /07 CFU per mouse. The
pathogenicity of strains (LDso) was previously deter-
mined. Influenza virus A (H3N2) was given by
intranasal application 5 LDso/0.05 ml per mouse.
Virus infectivity was assayed by determining the
LD5Q. In experiments with S. typhimurium and P.
aeruginosa female CBA mice were used, but in
experiments with inf1uenza virus-female outbred mice
were used.

Non-pyrogenic ADA was filter-sterilized and in-
jected intraperitoneally in the dose of 10, 50, 150,
250 U per kg weight in a volurne of 0./0-0.25 mI.
In the case of intranasal administration. ADA was
used in doses of 50 or 250 U per kg in a volurne of
50 ILl. Trypan blue was given subcutaneously: the
first dose was 4 mg per mouse and subsequently 1
mg per mou se was given twice a week during the
course of experiment. Cyclosporin A was adrninis-
trated subcutaneously in a dose of 50 mg/kg per day
during the course of experiment.

2.5. Statistics

Significant differences between control groups and
treated groups were calculated by the Student r-test
and X:! test.

3. ResuJts

3. J. Protection against S. tvphimurium infection bv
ADA

When ADA was adrninistrared 2'ļ h prior to S.
typhirnurium infection, all doses (IO. 50 and 250
U/kg) protected the experirnental mice against in-
fection. The effect was dose dependent (Fig. 1).
Survival in the control groups were .ļü'č. 60'""c in the
group with 10 U/kg ADA and 80'-;;' in groups with
50 and 250 U/kg.

Survival in the groups which received 50 and 250
U /kg (lr ADA was similar. thcrctore wc uscd the
Jose of 150 li/kg in subscquent e xperirncnts. The
optirnal tirning for prophylactic applicarion (lt' .-\0.-\
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Fig. 1. Dose-dependent effect of ADA treatrnent on survival of
CBA mice 24, 36 and 48 h after S. typhimurium infection. A 10,
50 or 250 Ujkg dose of ADA was adrninisrrared inrraperitoneally
24 h before S. typhimurium infection. 5 typhimurium was given
intraperitoneally 1.0 x 108 CRJ per mouse. Results represent the
rneans of two experiments. Each group consisted of 10 animals.

was elucidated. The most effective protection was
observed when ADA was provided 24 h prior to
introduction of infectious agent (Fig. 2). In this case,
90% of the experimental mice survived, compared to
20% in the control group. When injected 3 days prior
or simultaneously with the infectious agent, ADA
does not significantly increase survival of the treated
mice in comparison to the control group. Here the
average life time is prolonged or the acute mortality
rate is decreased (Fig. 2).

3.2. The protectii:e effect of ADA against P. aerugt-
nosa infection

In the experiments with P. aeruginosa (ip, infec-
tion) the dose 150 Ujkg of ADA was used 1 day
prior to giving the infectivc agent. The observations
were carried aut for 3 weeks (Table 1). Lethal cases
were observed during the first 10 days. In the control

100

o 24 48 72 96

Hours after SaJmonella infection
-0- Saline •...•• ADA, 0 day

___ ADA, -1 day ""*- ADA, -3 days

Fig. 2. Dependence of survival of CBA mice on ADA adrninistra-
tion after S. typhimurium infection. A dose of 150 Ujkg Dr 3
Ujmice ADA was inrraperitoneally adrninistrated 72 h (day - 3)
and 24 h (day - I) prior to Dr sirnultaneously (day 0) with 5.
typhimurium infecrion. S. tvphimurium was given intraperi-
toneally 1.0 X 108 CFU per mouse. Dara are from one representa-
tive experirnent out of rwo, Each group consisred of 10 anirnals.

group, survival was 10%, while 679( of ADA-treated
mice survived.

3.3. The effeet of cyclosporin and trvpan blue 011 S.
tvphimurium infection

ADA was adrninistered to infected mice in cornbi-
nation with cyclosporin and trypan blue, prior to S.
typhimurium infection. Cyclosporin was injected be-
ginning on the day of infection (day 0) ar beginning
2 days prior to infection (day - :). The survival rare
in experirnents without cyclosporin was 50l7c. but
with cyclosporin and ADA beginning on the day of
infection. survival was 25l7o (Table 1). If treatrne nt
with cyclosporin was started 2 days prior to giving
the intcctious agent, the average lite tirne was not
diminished in cornparison to [he control group re-
ceiving saline (days 1.8 and 2.0. respectivcly). Pm-
tective etfects of ADA application were only par-
tially abrogared by cyclosporin . Avcrage lik tirne in
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groups receiving both drugs before the infection was
4.8 days.

Trypan blue treatment also begun 2 days prior ar
on the same day as infection. The average life time
of the control group was 1.4 days. In experiments
where a solution of trypan blue was injected begin-
ning the 2nd day prior to infection, the average life
time was 1.2 days, whereas in the case of injection
beginning with day 0, mice lived for 3.2 days.
Administration of ADA in a prophylactic scheme
prolonged the average life tirne. All the mice in
groups receiving trypan blue succumbed within 10
days. In the group which was treated with ADA
alone 83% of mice survived.

3.4. The effect of cyclosporin and trypan blue on P.
aeruginosa infection

The experimental scheme was sirnilar to that with

Table 1
Survival of CBA mice treated with ADA and imrnunosuppressors
at differenl times of S. ryphimurium and P. aeruginosa infeclion

No.Groups Survival (day 2I)

S. typhimurium. 10% of control mice rcceiving 0.9%
saline, survived (Table 1). All mice trcated with
trypan blue succumbed, and so did 83% in both
groups treated with cyclosporin alone. 83%
(cyclosporin day 0) of the mice were protected by
ADA. ADA protected 33% of the animals (in both
groups treated with trypan blue), while all the mice
treated only with trypan blue died. The use of ADA
extended the average life times by 2.2-3.6 times in
comparison to the corresponding control groups.

3.5. Protectiue actioity of ADA against influenza
uirus infection

We tested the irnpact of ADA upon the surviva1
of mice after intranasal infection with 5 LDso in-
fluenza virus. The ADA preparation was adminis-
trated before and after virus infection foIlowing 3
schemes: (I) -72 h; - 24 h; + 4 h; + 96 h: (2)

P. aeruginosa infection

Nurnber" % pc (%)

j Saline 3/30 10
2 ADA 12/18 67 <0.01
3 Cyclosporin O' 3/18 17 >0.1
.1 Cyclosporin - 2' 3/18 17 >0.1
5 Saline 3/30 10
6 ADA 12/18 67 <0.01
7 Trypan blue O' 0/18 0 0.1
8 Trypan blue - 2' 0/18 0 0.1
9 Cyclosporin 0', saline 3/18 17

10 Cyclosporin 0', ADA 15/18 83 <0.01
Il Cyclosporin - 2'. saline 3/18 17
12 Cyclosporin -2', ADA 3/18 17
13 Trypan blue 0', saline 0/18 0
1.1Trypan blue 0', ADA 6/18 33 < 0.01
15 Trypan blue -2', saline 0/18 0
Il" Trypan blue -2', ADA 6/18 33 < 0.01

S. ryphimurium infection

Nurnber" % pc (90)

0/24
12/24
0/24
0/24
3/30

15/18
0/18
0/18
0/24
6/24
0/24
0/24
0/18
0/18
0/18
0/18

• Beginning of treatrnent,
b Total survivors z'rnice challcnged.
'.y: test,

- not applicable.
Significance of the differences W:lS calculated between control
groups (row 1) and test groups (row 2-.1) as well as taking
rnatching groups of suppressed control and suppressed / ADA
treared groups.

o
50 < 0.01
o
o

10
83
o
o
o

25
o
o
o
o
o
o

<0.01
0.1
0.1

< O.Ol
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-24 h; +4 h; +96 h; (3) -24 h; -0.5 h; +24 h.
The best protection was observed when ADA was
applied 24 and 0.5 h before and again 24 h after the
viral infection (the 3rd scheme), Further experiments
were carried aut using this scheme.

In all cases-intraperitoneal ar intranasal routes of
administration using doses of 50 and 250 U/kg
increased mouse survival by 30-50% (Table 2).
Dose-dependent effects were observed only in the
intranasal, but not intraperitoneal route of administra-
tion.

3.6. Estimation of the antibiotic effect of ADA on S.
typhimurium and P. aeruginosa

Filter discs were soaked with 0.05 mi ADA solu-
tion 2 mgyrnl uoo U/rnI) and placed on Mueller-
Hinton agar on which S. typhimurium ar P. aerugi-
nosa was plated. Chloramphenicol served as a con-
trol substance for effective inhibition of salrnonella,
as well as pseudomonas growth. After 24 h of incu-
bation, no inhibition zone was observed around ADA
discs, indicating that the drug exhibits no direct
antibacterial effect, Distinct inhibition zones were
recorded around the antibiotic discs.

4. Discussion

The use of non-specific immunomodulators is
weJl known in therapy of bacterial and viral infec-
tions (Vogels and Van der Meer, 1992; Morahan and
Pinto, 1992). Different infectious agents elicit differ-
ent protective mechanisms. In general. humoraI anti-
bodies (irnmunoglobulins) are effective against ex-
tracellular infectious agents, whereas cell-mediated

Table 2
Protecrive effec: of ADA in mice challenged with intluenza virus
A

5

immunity (delayed hypersensitivity and granulorna-
tous reactions) control the intracellular parasi tes.
Both, humoral and cell immunity provide protcction
against viral infections (SeII, 1987).

A number of immunomodulators exhibit a widc
range of antiinfective activity. Muramyl dipeptide
and its analogs have been shown to control infec-
tions caused by Klebsiella pneumonia (Chedid et al.,
1977), Trypanosoma cruzi (Kierzenbaum and Fer-
raresi, 1979), Toxoplasma gondii (Krahenbuhl et al.,
1981), Pseudomonas aeruginosa, Candida albicans
and Listeria monocytogenes (Fraser-Smith and
Matthews, 1981). Glucan sulphate used in prophylac-
tic applications relieves experimental infections
caused by E. coli, C. albicans and mouse hepatitis
virus. Glucan sulphate is also used to stimulate
wound healing and prevent septic cornplications after
surgical manipulations (Williams et al., 1991).

In contrast, some immunomodulators may even
exacerbate the course of infections, like application
of tilorone in experirnental bacterial infections, where
resistance is rnediated mostly by cellular immuniry
(Collins, 1980).

We discovered and partiaJly characterized im-
munomodulating prop.erties of ADA. In our experi-
ments, both ';0 vjvo and !n vitrr ·Immunogenic and
rnitogenic properties of ADA were elucidated. ADA
induces both specific and non-specific immunostirnu-
lation (Nikclajeva, 1982). The intluence of ADA on
antibody forrnation and the delayed hypersensitivity
reactions also was investigated (Aleksejenko et al.,
1989). The level and mechanism of ADA modulation
were dose and time dependent. The short term
changes in blood z'serum elements (neutrophil leuco-
cytosis, concentration of bilirubin, as well as the
acti vity of arninotransferases) were caused by [he

Forrn of injection ADA (U jkg) Nurnber of anirnals Surviva (%) P values

Saline ADA

intraperitoneal 250 10 20 60 < 001
intraperitonea] 50 10 20 60 < 0.01
inrranasai 50 10 20 50 < 001
inrranasal 250 10 50 100 < 001

The intranasal intecnous <Jose <lr virus W:!S 5 LD," ,:0.05 rnl,
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ADA injections (Karnradze et al., 1990; Polivkova et
al .• 1989). We have observed that ADA decreases
the S'-nucleotidase activity of mice peritoneal
macrophages, which infers an activation of
macrophages. Cytotoxic activity of ADA-activated
macrophages was increased, as judged by S-3H-
uridine release during marked ascitic leukaemia P388
celllysis (Nikolajeva and Kerimov, 1989). Inhibition
of growth and the development of some ascitic and
solid tumours was observed in in vivo and in vitro
experiments (Nikolajeva and Muiznieks, 1985; zak
et al.• 1986. 1988). The anti-infective properties of
ADA were nol studied till now.

We srudied.In vivo ēffects of ADA in experirnen-
taJ infections of immunologically competent and
suppressed mice. Salmonella typhimurium, which is
controlled mainly by cell-mediated imrnunity, and
Pseudomonas aeruginosa, which is controlIed mainly
by humora! immunity, were chosen for bacterial
infection models. Influenza virus A was used to

. modelrn vivo viral infection.
Th~' d~ta clearly demonstrate that ADA adminis-

tration significantly enhances long-term survival in a
murine modei of S. typhimurium and P. aeruginosa
infection. The greatest protective effect was observed
with prophylactic treatrnent of ADA by giving 250
units per kg at 24 h before infection (Figs. 1 and 2).

Antiviral resistance was significantly enhanced
both by intraperitoneal and intranasal application of
ADA. Similar effects are found with bacterial ri-
bonuclease (Indulen et al., 1989). IntranasaJ RNase
application is recommended to combat viral infec-
tion, since bioavailability of the enzyme is increased
more than 2 times in comparison with intravenous
administration (Shneider et ai .• 1990).

Lack of antibiotic activity, the wide range and
prophylactic mode of the observed effects suggest
that protective activity of ADA is mediated by com-
plex immune reactions of the host organism.

The action of ADA in immunosuppressed organ-
isms was investigated on trypan blue- and cy-
closporin Avtreated mice models (Tabk 1). Trypan
blue eliminates rnacrophages (Kraus, 1987). but cy-
closporin A suppresses lyrnphocytes (Dos Reus and
Shevach. 1982) through blockage of T-cI:II activation
and production of lL-2. Tentatively. cyclosporin A
can switch [he irnrnune response induced by antigen
frorn humoral to a cell-rnediatcd mode (Bretscher

and Havele, 1992).
ADA compromised the cyclosporin A-induced

immunosuppression and showed a protective effect
when added simultaneously at the beginning of treat-
ment with the drug (Table )). When cyclosporin A
was administrated prior to ADA, enhanced survival
was not observed, aJthough the average survival
times of succumbed animals increases 2.7 times in
case of Salmonella infection and 3.5 times in case of
Pseudomonas infection, respectively.

In trypan blue-treated mice the effects of ADA on
survival did not depend on the application before
treatment with the drug. ADA re/ieved the trypan
blue-induced suppression in P. aeruginosa infected
mice judging by survival rate and average life time
of the animals. In case of trypan blue-treated and S.
typhimurium-infected mice the effect of ADA admin-
istration led only to a prolongated life tirne, but not
to survival of the animals.

These observations indicate that, although ADA
exerts strong macrophaze-directed effects, its protec-
tive activity in vivo probably relies on a strong
T-cell mediated component. A defīnite augrnentation
of antibacterial resistance by ADA is observed in all
types of immunosuppressed mice.

Further studies are needed to elaborate the mode
of action and effective ways to apply ADA in ther-
apy of infectious diseases.
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NR. 5057

HIPOKSANTīNA ATV ASINĀJUMU IEGÜŠANAS PAŅEMIENS

IESNIEGUMA NR.

~SMEGŠANASDATLnMS

PRIORITĀTE

Starptautiskās klasifikācijas indekss:

P - 92 - 246

02.12.92

21.03.79

C12D 13/06

PSRS autorapliecība NR. 764385PAMATOJUMS

PATENTA TURĒTĀJS:

AUTORI:

LATVIJAS UNIVERSITĀTE

l.Muižnieks

V.Revelina,
A.Šafranskis

H.Maurina,

ANOTĀCIJA

Izgudrojums attiecas uz mikrobioloģisko rūpniecību - uz inozīna un inozina

atvasinājumu iegūšanu, rnikrobioloģiski dezaminējot attiecīgos adenina

atvasinājumus. Adenina atvasinājumus apstrādā ar mikrosklopiskās sēnes Penicillium

lanoso-viride 8D šūnām. Izstrādātais paņērniens atšķirās no zināmajiem ar

vienkāršību un palielinātu galaprodukta iznākumu.
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COffi3COBETCK~X COu~An~CT~~ECK~X PECnY6n~K
rOCYllAPCTBEHHbIŪ KOMHTET CCCP

no IlEJAM H306PETEHUŪ H OTKPWTHŪ

dlJ[ro~lO(Clunm~1()
VVr

Ha OCHOBamm nOJIHOM04IiH:, npenocraaneaaux DpaBI1Te.lbeTBoM CCCP,
/ roCY.lLapCTBeHH.~IH: KOMIiTeT CCCP no .ne.laM asočperennü H OTKpblTlIÜ

"IIIT- BbIJļaJI .Ha~;rg5llUee lļBTopCKoe CB,HAeTe;u,CTBO Ha l:I306peTeHl1e:
aJM.~itlA1 _~/)40ffi, ccae: ~ .D;-npo.nyneHT

a.n;eHHJIaT,ItesaMKHaS1i" - - --

II ABTOp (aBTOpbI): ~Myb.gHeKC~C Oczapogaa, Pesezaas
BH3Ma Pooeproaaa MI I]Ja(ppaHcroU! AJreRCaH.Iq> EopRCOBH'i

3a51BHTeJIb: JIA.TBI1RCKKti .OPJElIA '!PY,1IOBOro KPACHOro 3HAMEH~f
rocYIAPCTBEEHWl YmIBEPCMTET 11M. II. C'fYtIKM

2783648 Ilpaopnrer H306peTeHIl5I 18 mDIDI 1979r.
3aperncTPHpoBaHo B rocYAapCTIleHHOM peecrpe

11306peTeHHH CCCP
25 RlDJm 1198Or.

L!eiiCTBHe JBTOpCKoro CI3I1J.eTe.lbCTI3J pacnpo-

CTpaH5IeTCH Ha BeIO rcpprrropruo C0103<1 CCP.
II/w()r{'rlamc.l b It"O.IIlIIllI'I/W ~1:J ļJL 1.1~ :cu:fi?-==if
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NR. 5056

PENICILLIUM LANOSO-VIRIDE 8D CELMS - ADENILĀTDEZAMJNĀZES
PRODUCENTS

IESNIEGUMA NR.

IZSNIEGŠANAS DA TUMS

PRIORITATE

P - 92 - 245

02.12.92

18.06.79

C12N 9/80 A61 K 3 1/00 C 12R 1/80

PSRS autorapliecība NR. 782329

Starptautiskās klasifikācijas indekss:

PAMATOJUMS

PATENTA TURĒTĀJS:

AUTORI:

LATVIJAS UNIVERSIT Ā TE

I.Muižnieks

V.Revelina,
A.Šafranskis

ANOTĀCIJA

Izgudrojums attiecas uz medicīnu un rnikrobioloģiju. Iegūts jauns mikroskopiskās

sēnes Penicillium lanoso-viride 80 celms - adenilātdezarnināzes producents. Celms

glabājas Vissavienības Antibiotiku zinātniski pētnieciskā institūta Mikroorganismu

kultūru kolekcijā ar numuru 294 A.

III



COKl3 COBETCKHX ~COLllo1AJllo1Cll1~ECKHXPECnY6JH1K

rOCy,aAPCTBEHHbIH KOMHTET CCCP
no BEnAM H306PETEHHÜ H OTKPWTHH

ffllfJOJCH CIWllHm~rB{)
CJVF

. I

Ha OCHOBaHHH nOJJHOMO'lHJ1:, npenocraaressux f1paBHTe.!JbcTBO~ CCCP,
Focynapcrseaasrā KOMHTeT CCCP no .n:emiM H306peTemu1 11 OTKpbITI1H

BbI1ļaJJ HaCTOHIuee asropcxoe CBH.n:eTeJJbCTBOHa H306peTeHl1e:
"Cnocoo nOJIY'tlemm 1top&oBoi 6nOMa.CCbTn

ABTOp (aBTOpbI): Mexmm I'yHTapa fY,1l0JI&WoBIa. 1t'ROiKHHeKC
HRI\PHImC OCxapoBJA PeBeJUIBa B~ P06epTOBEa, r~ypmr.a
Xe.n:e:sa AHTonOBHat ~eKep Ba.JIeHTHHa ~~eBBa II Yr::r:m
AattpHC ApnOnOB1R

3aHBHTeJIb: JIA.mmcRVIa. OP,1IEHA TFYl(OBOrO KPACHOro 3HAMEmf
roCYltAPCTBE!!1Ml YmlBEPCWrEr WAJIETPA C"I'Ylm!

TIpHopl1TeT H306peTeHHH 10 I,1leKa6pa 1981r
Baperacrpapoeaso B I'ocyzapcraeaaox peecrpe

H306peTeBHH CCCP

1 cemE6na 1983r.
lleHcTBHe asropcxoro caārere.n.crsu pacnpo-

CTpaHHeTCJT Ha OC!O Teppl1TOpl1IO COf03;l CCP.
IIp/,(keoame.lb l\O.IIIlIlI/'ma ~Ir....,

~~(tr),
. 0



T HE nOAJ1EHiHT Of1Y6nw-i09AHV1tO
8 OTHPbIT~ nEYATY1

COt03 C08ETCHL-1X
COuYfAJlY1CTW1ECHl-1X
PECnY6JlV1H SU 1064500 A

(19) (1) ~ ------ ---------

rOCY,llAPCT8EHHbllĪl HOML-1TET CCCP
no ,LlEJlAM J,1306PETEHV1~ ~ OTHPblTV1J11

C5D_A_23_K__ I_/_1_65 _

onJt1CAHĻ1E V1305PETEHV1R
H A8TOPCHOMY Cf3t.1P.ETEJ1bCT8Y

(21 3366045/30-15

(22) 10.12.81

(71) ]aTB~~C~Haop~eHa Tpy~oBoro KpacHoro
HbI~ YH~mepCHTeT YrM. Ilerpa CTymm

(72) r.p .l,aeromg, 11.0•MyHmip.eRc , B. P .PeBe.;nrH.ff,X.A.MaYPill:s,

B.~.EeRep ~ A.A.YrrHT

_.-'

(53) 6&3.143.4 (088.8)

H
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1.

. _.-----~--- ----

Mso6peTeEie OTHOCllTCH K Y~Rpo6noxOrH~eC~O~rrpQ~~mx8HHocTn, a
HMeEffOIt cnocočax rro;ryqeID1E KOP~OBO:a 6~orf.aCCH, conepzanež cI;ep~.:eHT~

H~lle 6~onOrn~eCKZ aKT~BHHe BemeCTBa, Ha OCHOBe rrepep~OoTKrr
He~eEEX paCTZTe~HEX OTXO~OB.

O,IJ;HOrr ~3 sazaeāmax rrpOc5JICM Kop:.;orrpOkI3BO,IJ;CTBa JiEJIF::eTCH ne pe-

pa60TKa ~~~OueRHoro Hec6a~aHC2pOBaF.~OrO paCTllT8~Horo C2P~q B KOp-
MO~H:e ,r;;o6aBIU.I, conepaamae He TO.iTh1-:0 aaepreraxecaae .K0r,'illo?eS'I'E, SO

~ 6Jonor~~eC?L1 aKTUBHE8 Be~eCTBa [I].

BemeCTB ~~~~TCff r~KpOCRorr~~ec~e rp2CH.
Yf3BecTeH CIIoco6 IIO,7.IY-Qeilllli 6nOi,:accU 1Ļ"'!lI KOpr';'OBE:rX r:;e.1e:r Ey~e~i:

. ,J il#" ", I tr~.0HHOrO :KY!IETi1:aZPOBaR.Tl.q rpnoaoro IIITat.=,,:a rdjt-/,/ ļ,riļLIņ .tt<1t ;-4 "};1

24J! E nHTaTeEbHOH cpe~e,co~ep~a~en OTXO~H KapTo~eflerrepepc6aTSEG?
meti npOM~m.rJIeHHOCTii [2J.O,UHaKO rpm5HO:'1 MJITJ;e~TIfi1, rrOJrjtŗae~.Eŗ:~!rrpz Eh:"pe.-

IItill3aID1EI mT2MMa He conepsnr .1!;OC':ST01IHO:!:'O ROJL1'qeCT38 ~~!O_liJ~Jtī:eC3:~
J

aKT.3:Bffi:L'{ BemeCTB, TaK IDTaMM P. dt{jVJ'ft"lfiFJn J7'.JT E3.1'.iIeT~S:

TO.lIbRO rrpo,nyu;eHTOM 6eJllia, a rrpn csoe.i ;KH3He,aemeJI.bHOCTa DE-: !1P021Y~~~;

er CTOEb He3H3tIHTe."l.bHOe KOflHt.īeCT 30 rll'.!1pOfl:l1T:;,rQeCRHX ge~?.fe~TO E, trTCl

B03MO:KHO .TIIInu, oosapyaars nx CJIe.IGI E 6rrO~~2cce, 2:0 BeC1?:2 r::pYJ:E-:O

BgTI;eJIJT:b fl O'IIpe.neJI~T:b ~X. II03TO;"~ 6.ao~1acca, rriJJI~yrqeE.::2.'!C2:'JIac;;::o

.a3BeCTHOM~ crrocočs , xaparcrepnsyercs HI13KY.Yi co..:;;ep:3"2E~2::: 62C)IOr~:-qec:'"

aKTnB~ BemeCTB. KpoMe Toro, ~epMenTaIL103Haq cpe~a E ~JH2e upo-
necca Ky.JGT~B'::P;):33::"'l.q cO,uer-":"'~lT T:))rSI':O Ie-IE r/:r oŗrO\':~CC8 ll/i!lC/ļ:-

ļ~ļd~ ~:ittr'-f4tvrh i Jj īī c cO,!:2p'~sSileN': :30' % 02.TL~3, T.2.

cpa.ue.

11-1



2.
ITpRMeHeHlleB cnoco6e rny6nHHoro MeTO~a KYKDTaB~pOBaHan Tpe6yeT
6o~mnx paC~O~OB SnCRTp03Heprnrr H Te~a, C~O~~OH arrrrapaTypu,BHCO
Karo ypOEHRMeXaF~3aqnH z aBTOMaTfl3auflZ~ rro~ep~aR0n orrTz~a~-
HHX yc~oBzf KY~DTnBHPOBaHRff, BUCOROKBann~zunpOBaHROrO 06C~~llire~-
mero nepcoaaza, a raxae CJI03ffi!X, ,UoporOCTOJ1IIlnX coopyzeaaū JI)IJi

oqzCTKn CTO~RHX BO,U.
H3BeCTeH crroco6rro~eHllfi ~eE/UJIaT~e3aW~Ha3B C HcrrOfln30B3-

ImeM h/ut:i?L;';-/J &/W~- t/i'h;1"~/,& BIUU01Iaromll:1 B cecs :-:YJI5TZBI1D,
- 7

BaHfle ero rroBepXHoc~Hk~ crroco6o~ H2 OTpy~ ITS8HEDH, C~O~2~~DX
I~5-2,0 06'18M2YJI :50$, .B reseaze rpex CyTOI':-, B~ejIeH.:J2 TIS)1830ro

O~O B Z3BeCTHOM crroco6e ue~efiarrpaE~8SEO~crro~3yeT~~

OTXo.n;mL1 rrposasoncraa. KPOr.:8 Tara; pnUrl0HEL'1DE0 He ~crrO.7I::'3j'":-2TCJS:

OCT3.TRU lli1TaT8JThEoi1 cpena - trneaaxase crpyoa,
UeJThIOaaocperesaa aszserca rrosanreaae KO~~·..:030~ .o;e:::.E-:OCT;I

6Z0~~CCH rryT=M IIOB~ea~ KO~1~~CT2a orronor~~ec~~ 2KT~3c~ 3e~eCTB.
':-:0 C:·,:OBOf:

OflOi..1aCCE, a'tt.1ID1I.5.,.lJ:!8M KY)ThT.:1J3~pO:B2H.lle !\'riI{pJC~WEZ~eCB:oro rpaoa fl3

pona . /.Jej1.iu·~ļ{~ Ha pacrare.rsaoū IL1TaT8:OEoD cpe.ae 2 rrJC~2;:;:YS~

sacynasaaae rrponyxra, B K21ieCTBe :'.2IcpOCKon;:-::::ec:-:ora rp::C::: ~~C!1J}I~3J'

!OT mTa~ll fe/tIļ,;"26u;~ L'bn-v1:? - ,liz7~':/</'2),

IIS



3.
WUCpOCKOIlll'IecIDlli rpao f?11,/e/?:d:;-;/J1 L:;/lOW- t7/z,,/rI'-e cf~
KOTOP~ npa CBOell~3He~eHTenLgOCT~ rrpoAY1UIpyeTKO~rrmeRCOtlO~OrH-
xeoxn aKTilBill:rX BemCCTBj :BKID:JtIaIDüUIX a.n:emVIaT.II;e3arr2Ha3Y, I'JIJOK02~·ll1JIa3Y

n :TIpOTea3Y.

KaR fl3BecTHo/a.n:e~~HaT~e3a~~Ha3Hocy~eCTB)~0T r~~pOnnT~tIeCROe
OT~eHeH2e a~Horpyrrrru OT a.n:eHZHOB~HYK~eOTz.n:OBR ~eff08ZHa , a
~e?aHJHMpoBaHne ageHll~oBHX rrpOn3BO.n:HHX RET~eTCE rrepEEMmSI'3~ fia
'rryTZnx KaTaOOKll3M2, 'tiTOBeCLMa Ea3HO ~~ orrT~~~TOHororrDOTeKa~q

,
aaeprerasecaax nponeccoa B R.i1e'I'Ii:ax. HapRJ1Y C 3Tm,~ y MHOI':IX ZL1BOT

:::n-rv !:lrreqt"JIaT1T,<:>3"·~;;!!:ra3- a BerrOJIp"c"'"'T P~T"V'lTC''''ODcr:.Te mii·-·n"!~ r.r'" ODr'20'rJI-~ ~ .•..• .:..&. ~-.I a.~_.......n. ~ -.. .•.••--....... _~J .•I.J..{)._, '. ~_ s..-J r".J.....~~~4J. •.....d _.J\.- ~J.,...:..:J,

~a3H crroco6CTEJ~T rn~p0fl23Y ~['7~r,:,\
- --r-t..;".--

CKOILlliecKZ:~~ rpi100~iI E npouecce g;e'p;v~22TaT;;;r], ::rOCJIe 3aEeC~2~-,'1.R:3T.JI"O

LIDOLIocca mec·!:(:3q.,,"P"rJlOHP"\TV\ '"':lccy ;:;:"CTr.7Tn1=<':::T'T ""0 "0 ;r"''':''''J"OC."r;J T,'" ;2: r;-7f_.... '± .•.I.'_._ ...~ .~JA\J .V;M. _i::i J!J.U.J._CWJ ,;.J, . ..:J".C-.,,-:l. _n _ •..... __ .~ .•_

rerzneparype ~12:e 500e, ITpŗJ F.eo,jX0;v1:',iOCT3 ŗ'a3~e.~~2..::),I'. :3 i=23y."ST2r:-2

LIO~~T ROpY03~ .a002EKY, co~e~~amyroOGflOR ~O

a,:ueHllJI3T,iJ;e3aMHHq3HYW aXTi13HCCT:D .IJ;.:) ļ60 ~\'3/I',

at{Tl:3EOCTI:l ,I];O 50 ~:3/r 1! rrpOT83.3;:',';:.:.J a?:Tfi3E.JCT::J EO C,I \3/1'.

KOpY.OBM ,Zi;o6a:Ei-:a "'~fJO~eT O:::I7b ZCIIOJTh30E2ii2 ,J;,1..~ Eh~:3Jqes-:::: :5 ::\;)[-

HOCT.J. nsnnar ,

IIpIDI.e pl.

cvcne.ra.t.l :-:0-u V_'.J a"'''''' 1..1, •• _

..t-ļ7, :. ./ t.- /' eLI~(1ļ,

:3 :'LJI EO,Iŗ;l ,
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4.
B TepMOCTaT ~ BUPamMBaroT rpa6 npn 28± 20C B Te~e~e 5 cyT •.

3aTeM rOTOBRT OCHOBHYID TITITaT8HbHYID cpeAJ. llnff STaro B 400 r
,

rrmeHn~HEX oTpy6e~ ~o6aB~qroT600 r Kopll~HeBoro CaRa HDuepEH, rroflY-
'q~HHoro rrYTGM OT.n;eJI8EL1.R: KOp~r.OBO~ XJIOPOIIJI2CTHO~ g:'pa'\IJ;m~ 6eJIKa OT

3eJIeHOrO cena mrm:epHlI. IIoJIy'!eH:ry:D cvecs oTpy6ei1 n =OTJPpt-;..,rJl.:.. --, __ 40_

IIO,1U3epra:JT CTepazas arUH1 rrpa 1,2

nOCJIe OXJI8..J3,IJ;eHID1,saceaaor nocenaož KYJffiT]PO:1. B rro.rryqea.9:o:1 Ta.'Zil."J!

o6pa30M trepMeHTaIlZoHHoi1 Macce ocy:neCTB~TDT npouecc ~ep~/ie.FiTarmH,

KOTOpHll npoBo~T rrOBepLqOCTEillA crroco6oM B TepMoK8Mepe rrprr
B-T81:Iea:1e 5 CyT

ctepMeHTar.:~z tŗep.\~esTanqoHHy".tO Maccy B5CJR..'JDCJT nrn Te~.~r:ep2,:,ype

(30-50)oC z BJI2~EOCTn ~O ro %.

.a:OCTDID 50 ro rn '?/...,v', w _i-l:.Jļ .l •

IlpJ:<!e p 2.

~EllOEorZ~eC2gQ OITHT rrp030~~CH Ha UH~~qT2X rrJpo~,

CBo6onEOU ~ocTyrre K Eo~e ~ KOPl'TTT 3 T1"ac:.:lc"':::c ''''C'JOR:';O''''C, rpTT'1or:r~ 7C'.LI. :"u...y • fi .•._ r r:'.__ ": •• _._...... ~,-~4 _;,.,..,ļ __

rrOJIb30B8..;laCb ROpMOBa.ff CMeCb, cortepxamaa Kml.:1o:-:eE':'H,""&: Ryr-~.YPY33. 46;

RtrMeHb 13,O;ITIIIeHw~a 12,0; rro,rr.cow"T.~eln-r;moE!:T:l [ŖG'!' 10,2; co e su'i =.rpO?

7,7; p~~Haff My~a 7,6~ KOCTHaff MyKa 1,5; Mefl I,S; CCflb ., ,-v,:J.
ro ro , B paUl10H BBe,lLeHOI 8VfTa."A:V:P.bIŗ-! MHKpC8JIer.feE'I'~ COf'.TIaCEO cy:.eCT-

~I",) ~.~"t_\..;,......" .•.•.--.J.L..':1

/0 -~_':' ...,'

-:,.~ "",":)-,j
,,-~ ..•.••...•.'t.

11-:-



5.
~Ta 6Hnn pa3~ene~ Ha rpyrrrrErro rrpflBIĻ1rryaHaHOrOB n rrepeBe~eB
Ha 8RcrrepflMeHTanbHHe pauno~.

Pe3Y~TaTH 6norrorn~eCKOTI o~eHKZ ROP~OEHX ~06aBOK rrpe~CTaBnell
B.:::Ta6mm;e •

Dpn rrpflIACHeffi1n~cc~e~eMoro rrperrapaT2 ~~q ooorameF~~ P2QEOH2

He ocaapyaeao orxaoaeaaā B pocre z pa3BnT~U! UHIIJDITII 6nOXZr!:.n1I8CK2:

nqKa38TeflF-X OpraHn3Ma.

EmO~Or~qeCKaqoqeHKa KOP~OBUX rrperrapaTOB,rro)~eE:~
rryTe~.~ Ryilll T~1BZpOBaRaR: rp~60B I? ~J;,ļv:fļ;~ 1Ft 'u~-I<,,f',t.J ļ./

P. ci,!,' It; -IN #1 2 f .7Ī

, P~~:1~_~.C Sī~ ~r~~o~~~_ ----,......•.v '-'_/0 ....•.~'- ....'-'.•.:.........-...,-------------------------'.~~3 ~O~~~O~ r·so/. ITrn~~~~Ta 1~~ īr~~~C~~2.D_ ,w, UCl..C.o.Mo .1"-'10 v,- __~ u., . '~'J ~""",-,;.~""", __

, 'nom"'8qocor- '"'1 '.''::l P IflT:r1'r::1;;"~"""'~~" r• ~"J ~ ~ V..l....lV •.• ,LJ,..t...4. '" .••...•••.••....•...;..•..•.-. ,i i411U1:k'-tJīhļ.;/r J19 ļJiY/f1?HP.C;'Q ;r:5P [IIļ}
, j i iel it: 11/ ...( '1.7/. .
, ! !

Cpe;Ļ'i:B:Hnpapocr
mIBoil rzacca 3a
rrepZO.IJ: OI:ICl:Ta, c11 IQO,O I05,O T~n n/0 - '-",,,-

Pacxo.n; KopMa Ha
ļ r rrprrpOCT2.
1iID30;r M3CCčl, % 100,0 96,8 IOC,C

IIpe,IĻ'Iarae~J&-~ CIIOCOO II03EOJIJT nepepaoors-rs OTXO.::S C2)I:::C:{;]A03H::'::

II S



6.
Cnoco6 rrO~efiaff R~PMOBO~ 6nOMaCCH, BKnN~aromfln KYRDT~BUPOBaE

MMKPOCKOITH~eCKOrO rpfl6a~3 po~a ~/l~C/~~/r~

Ba paCTZTeHLITOH llHTaTe~~Holi cpe~e z rrocne~mee B@CJ~lBaH2e rrpo-

~Ta, OT~~qaDm~lliCffTeM, ~TO, C U8HDID llOBHllieHilHROPMOBO~ ueHHOCTil
caozacca rryTe:11noaameaaa KOJm't1GCTBa c520nOI'll't1eCK;IaI{T~f-.::E.XBemeCTB
13 xaseorse M.l·L~pocKorurqeCKOrO rpaoa QICrrOJIlJ3yt'JTIIITm:'['11 h;J,/c,//4~·{.n,.

.1;-1n~k- l:ri:u,;(.? j?,I) .

I. ITOIIOB8 T.E. -~
• ~·~3B• AS CC

cep. E.llOJIOr.aCIecKaH:, I980 " J, .~ _, C •
2 A .••.• - ~ CCnp ~ŗ, c:;~,"n""o TqrtA• .tiJ::lTOpCB:Oe CB~.IJ;eTeJl.DCTEO \." ~... ''';L'S::;-.J~ , -'-'" (t.:.:: Kj1.,

( nporo T.JJi.

3.A3TopCKoe CBll~eTe.~CTEO CCCP
c npuop, OT 18.06.7S ,KJI.CI2,IT13/06.

44

I i\II)lf;\"I'/'r·'II' •..·!"'\_,.u .•,,,' '".•..t- ••• ~ _ .. _

i i1I"'J'1TII _

I

;;JļU[ČLiCC{'C:LtLU
3.1K .. y., O. /-.' f7 TIlŗ,.l:K !::.'l ~":'.

I!t.) ...../ , ' . _
, .
I li '~n·:'\I"·r·-:',,"''Ilfr'''o....-p,f' ii'rn l:i'''·'!"'.''''h f'."I np{...·PH'J".ITHP "'j i l'T'P!lT/9. r""'~"('1\I\;\0pl"~· ,,; Il •.H~~ ~ J



LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NR. 5055

LOPBARĪBAS BIOMASAS IEGÜŠANAS PAŅĒMIENS

IESNIEGUMA NR.

~SNIEGŠANASDATuMS

PRIORITĀTE

Starptautiskās klasifikācijas indekss:

P - 92 - 244

02.12.92

10.12.81

A23K 1/165

PAMATOJUMS PSRS autorapliecība NR. 1064500

PATENTA TURETAJS:

AUTORI:

LATVIJAS lJNIVERSIT ĀTE

G.Mežina,

l.Muižnieks

V.Revelina,

H.Maurina,

V.Beķere

A.Upltis

ANOTACIJA

Izgudrojums attiecas uz mikrobioloģisko rūpniecibu - uz fermentu un citu bioloģiski

aktivu savienojumu saturošas lopbaribas biomasas iegūšanu. Izstrādātais paņērniens

atšķiras no zinārnajiern ar palielinātu biomasas baribas vērtibu lin bioloģiski aktivo

vielu daudzumu. Lopbaribas biornasu iegūst kultivējot mikrosklopiskās sēnes

Penicillium lanoso-viride 3D celmu augu valsts barotnē un produktu izžāvējot.



roc y.n.APC T B E H H bI H K 0 M H T ETC cepno BEBAM H306PETEH"~ H OTKPWTHH

1,

ImIUO~mlE CBI~~O
CAIY- c-J 192011-- ,

Ha OCHOBaHHH nO,1HOMOtlHH, npeaocraasenaax TIpamue.'IbCTBOM CCCP,
Focynapcrsenusrā KOMI-rreT ccep no .ne;laM H306peTeHl1fl 11 OTKpbITHH

BbI.n:aJI HaCT05Huee asropcxoe CBI1.n:eTe.'IbCTBOHa 11306peTeHHe<
"Cnoco6 no;,:ryqeBHH a,Itemtm3.T,:ne 3aMmmSH"

ABTOp (aBT~pbI) :~MYb:HMItC HEotPmmc ceRaP0BIDI, PeOOJImlff
B1tSMa Po6ep'l'oBHa R IIlaWaHcKd AJmltCaH,1~,pBopRCOBJ!ti

3a51BHTe.1b: lI:A.. 'I'Bml GKRa OP.1lEIIA 'lPY,UOBOro KPACHOrO 3HAMEEm
rOCYnAPcTBEII:B!Em Y1MBEPGWrnT U1M.IT. CTYQ1G1

2805614 Ilpuopnrer H306peTeHIlH 18 lIDHH 1979r.
3apern:CTpn:poBaao B I'ocynapcraeaaox peeCTpe

n306peTeHlIl1 CCGP' -

22 HO.ff6p.sr 1983r.
lleflcTBue J8TOpCKoro CBHJ:eTe.lbCT8J pacnpo-
CTpJHHeTCH Ha 8CI\) 'reppuroŗuuo COID3., cep,

Iī peoceāu mr.i b H(}'\flllll"lI~ f:.Ļ,~r--:-

l!/l'lIl.II,HIlI. Of/t""'lab~..;/\/t1/1
- Ļ-

121
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./' COIO] C08eTCf(~

CO~HanHCTH~eC~~K
Pocny6nHIC

fDcy;aapcTBBHHblH IlDl"lITlT
CCCP

BIJ .unaY NJO~peT8Hd
II DTltpblnW

.) .,

o n W C A H' H ,E'(I 1 )

fA30'5IPETEH~sa
1082011

H ABTOPCHOMY CBU~ETEn&CTBY
- - -

(61) D.ononHHTenbHoe K aBT. CBHA·By

1:(22) 3aHnneHo18 .'06.79. (21f805614/23-0: 3
(51) M. Kn.

G12 AI S!78
C12 j( 1/8,0

/ / J! 61 k.. 'ē7/~8
(53) YJlK
~~N 1~ CN /~~Q ~Iorr . ;J. vr • LJC:~.:J

C npucoe.rxueuae« 3allBKU

, (23) npHOpHTeT

(43) Ony6JIH"OB8HO

(45) Ilara onyčnuxo aaaua OIlHcaHHH

(72) Aur op u
1I:w6pcTeHHR

(71) 3allBIITe.1b
]ļaTE::;j~r:n~ Qf.D;cs~ TP:/,':W30ro I<p~~:-:oro ,ē's~:..e::::: ŗo::;j::.LZ~-

C'l"P;:~:J": ..;i:; Y'H~·EC.·-'C··'TcT r.:" r (:'T",.r;~.",_~_t1':.L~.:Jl • :L.I:. _~ u ..•.. _.\...!1 .•.:.J'"1._ ..d
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[' 1.]'.KORH, 3 TSq~Hae 4 CYTOR.
A,n;eanna T)J:e sauaaa 3y BH)J;eJI.P.:IDT (13 K:iJl.:& Ty PGJl :SHl3l1 ~[~KOC.T:1 C 2K-

Tk1BHOCTMJ 1040 E,n;/UJl, QTO COCT·aB7lHeT t.eaee lr,il:/ ~!.Jl.;1.;StmYHa-

PO.rU:i2H EjJ;VlēHm~(. ūnuc aaae EeTo.n;lli\ij B::!.n;eJlea~ '~;S'p;.:EHTa OTqJ'T-

CT3yeT.
Hcrrn,,'I"~ Tv~r···ri•.•...r""'1Uv ..••.~ __,""./_ 8.3E:EC T:iOI'O

~TO T:5-

C:S CfHl~ST 8KO:::'O:.:rr'i~OCTb npcue c ca ,

ilo - _.' .--,' 'l'_ U..t;-i ~ c: ~ -

_ ...• ""',~ .•. "':T\~_-:':.'!lC~n-:r •.t~1"""C':Tf~·:r (\~iJ..:t ;.::.•.. "-"_._"\_._ _-"'l_J ••• _~_ -

,.-. _ .. " - -", ~- T:" ""'r"= .-·"no..,~"·-;::·: .. ·,;::,1 ..... _...,If'-, ...:Jt..•..._...•. ~ (""]"'1.,,_. ; "" ,n"'a,,-,,_~ ::...~....:..~.... ,-,,_ 0._,"-" •.• l.llJ...JL-'-~:1.·-'-'v::i"""""'l:::::-....J_"CC;l-_ .. _ ..• - 'J..... ......_ ..•..•. ""'.•..•..... - .-

_ ...,_r ~"',...
':'.i._" 1•....' -".: -.- .••• '-'
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Taa~pOBa8UH /n90~OnRaTEnbHOCTb a COCT~B nHT2TEnbHOH CpC~H/, a T~K-
are Bll)J;ensaae G.n;es~naT.n;e331~0.Ha3H E pE 3y ns rar c OT~eneHa.q M0.lle-

JHUI OT n~Be.pZ;HOCTa cpenu, er o .n;e3UH'l'Erpil.pOB2.fiarI, 3KCT.d~rZpOEa-

flVUf ctePMeHT~ 6YC~e.98.ill.1 paCTBopOM c nocne.n:.VlOqetf odpa6oTKoX3ECTP2.K-

,Ta aKT!lBapOE2.H2E!.: yrncl.1 , COp6IJ)lSl1 3KCT)Zl{l':~ 82 ,:uoaoojr'::es-

aoti CW3Jl e VI .Iŗe~ opdunet1 ~:epue H.Ta 6yq:-epHElM pac TE Dpon , c on;ep::G:lm~.:

0, 8-0~UU kad!.,

2i\1Z,nOST un.s;e JlJl:Jj103~; naa npQ;Jj7 KT n 0]1 QKoan;e He :U:J. 3 IT0)1 88 T anean QJLia-

M0.HO.Bc 8nu.xnO'pI'a,~aHol': I C~:OiiY L:~Py'(1 2I(3-10J/.

nO::JT:rS':'L (er~.~ep.~ c~efHlJIaT,rr;e32~.nIE23Y C 8KTH:BHOCTblO ll.0 50 ~E Ha

1 r oTpy6en BBpamM]aH~a rrpo~yueBTa(ME 8KTllBHOCTM ~ep~eET2-
KOJlWleC TBO t;terlle ETa, npe:BI:a!U2Klrr;.ee 1 MKM cycc Tļ:2 T2 vlJB~ EaK2DJl~1-

1 lJ 3 a 1 '1' I .'r~ T" e "0 ur r T!I r,~ n p r1 ~ '"' ':T ~ h " 0 <, ~ e "rr .:> 1'"" '"' m,,"ra)B2!Omee MR.' nŗO~YKTa >J •• ~ .l.\,u,>,u.. .:JC:';"'c..,~ 'J, •.• J I "',t-'C.l..J }'-' •

ITJr~"e"...,.c·,.",uJ ~''l''''VU -q-cn~H d~ nOQBH tl XJ<::SJTCS EJ EO,'l::e~~:l:':
J.' 1..1.1-s , :-L'"'1.c.h.t' •..•· __ QiJ..l.Yi .i:)l.-'W'o,..J·'.lC •...•

r, ,.,,'., Oj"010r '·'1 ·,:·.(\.",:,·~\-c"':;n ;'i, ,.0..,::;,_
~ ļ •• ..:.J.. ..•.~ •...•.•• ..;. •. _l~'-', .•._ ..•..._~"1.'--,"""'_..:....J_'- '-..
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Ilpanep ·1.

CeroT no 0,5 MJl cvcneasaa I\OH0.;ZJ;W1 ae.ueJl1floi1 ŖVJlbTYP~1 /q-('l;U~a;i..I}f

~j..1l,7.J-c.-V/2A~le./!?.J) aa 1:J:2LURr1Ile rpa co CPE,IJ;OM C}1e~yro-

ne ro CQCT?5:1: oTpy6a nnrenasaue - 2,0 I', BO.n;~ y.paaOEClP.: - 3 MJ1.

BH~amaE2!OT RJJ!I>TYPY B Tep1wcT~Te B r ese aae 3 CYTOR np a Ter.:nepa-

Type 28°C. Sa T 61'.1 naaue TOi"1 OT;J;6lliIrOT ilJlOTtiHM (1,108 oj'p~ 803 ~B=':E;'I'OC.1:

MüU6JH8 OT nOBepX3.0CT0. cpe.na. AaJl1i?8t1IUCi8 Oneps.s:aa nons qeEHIFI ue-

nes ara TI)O.L\YRTa rrpOEO.IJ;nT npJ 0-4 De. LA;meJHltJ l;.e xaaaae CKU P~CT0.-

'p2IOT 3 CTJnEe E ,!ĻEot1aoM 06'bEfi;e 0, 1 ~l R~llafl~ocq;a r ao re 6Y:t'~,;J2 p3

6,0.E TeqEHk1e 20-30 r.UH1. 3aT€fA y. 'p~cTepTOl·:Y ŗ',:a.LLeJla:o .nojS.E;L~ T

aKTaB0.p052aHlli1 :lrOilb ~i:a'pR;l AP-3 as paC'1eT~ 10 i,:r/r.:Jl [ ne pexe-

', .....•
~ :. i..l.

B TeqeaIle 40 I.Hla.3 nOJlYQeHSs1 3ECT,;JZKT JJ:OjtiE.~E'0T 0,5 Oj';;2;,:::'

npn·!!.'~O;-1 "'K''l''~-7''1''l-:::'':O:':O'':f C"'O""J.P ~~1{_ ITeJlJllFJnC'-~;~(I1'Pc~x,,~~·11 Oi1~r::;~;:»)_-UI. •.IoUl. J G._~_il.1.O.L.l...,tJU-J""Cl_ ..•. ~ ~..• - M-.t1~..!..J. ,,JJJ.. ••• '-'_ Jr.. ""G "--.... ) J ••..••.•• i'j,~ ••.....,J.

C!:lEC.s nepej'.1errEl.3~:OT 2~ M~rH:1THOB r,:ernnJlKe 20 t:J.s, .n;~rOT QTCTtY::Tb-

C2: :;0 r.:2:: cr QeP..Tpn:yr~p~1OT ripu 6000 061 U1:: B TStis:::e 1:3 ~.'.:>i,

'i Cl, '-'...

3 TeqE-

-= T":" ~ ~ ~"T....""'""._~-~
3f-U-
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~':-tU/J,;' - vĻiļcle~
8~ nonyqeao 42-45 ~~ aRTaBHOCTa ueneEoro npOAYRT~.
rr'p~ME'p 2.

Gnocoj n071YQealli1 aneaana T):(e3aI\'~r~Ha3EJ 222JlOrZ~eH. cnocojy B npa-
Mepe 1, 80 .II,ra .rte3r1HTerpauaa ulliJ,eJlarI rpaoa - nponvneara Il",,,,(/e-e~l'

bUļ,CJC - V:~/t;:.e- an 1311eC'1'O t:ex4Hl1QeCKD ro p~CTv.!..JaEUL·1: ~8nOJl:03YEOT

06paC5oTRJ jlJlbTpa3.EYKDr,:_ / sacr cra 22 KI'u, 5 P23 Da 2 t:aH C JI,BYX-

MagYTaill.~ a2T:2.9BaJlm.!/. Juxo.n; ne ne aern npO.J:YI:T2 aa rp2.I.'..c"':: oTp~IDeM

8I'...E~aJļe:J.TeE .uaRfi8i~ E rrprn~epe 1.

BE:!p:.uU0.EaroT 0.p2.3pyrr:aFJT 6aOE2.CGY npO,JI;y~eHT:1 G.ueHllJl~T.JJ;S32r.:J.::::Z.3H

rpaca ./!~~t.u.~jļ' .- v:.:ucl-e an TU.?: se .Kar: B n)~1N.epe 1. īloc-
J

ne ~eHTpn;yrn]OEa2~ ~e3a~T~r'p2poB~E30ro u cj)~jQT~~~QrO2~TU-

Ha axc rpar apyerc a 13 re senze 30 MMH Ha ~larmi'1'}{oH ~.Ieilla.;u:e;J,:E01~-

HüM o6~eMoM 0,1 ~ KanHllGoc~aTHoro 6y~epHoro paCT:EOpa pE 6,O,co~e-
pxeuer o 0,01% Tp}ITOHa X-IOO. 2aT8M AOrrOJIOHHTeJI:bHO oopa-

Cē:.JT uo 0,5 ~:.1CYCQeR3ua KO::ln;J.lli1 H.~;J;ellid'Qfl KYJ:GT:YQbi.

• ,,J ar; aa q"''''L"f'! rTC.TJ:.l"O CJe:ro\"t C.le~:::;.:..icro\./'( z.., ('1...(_ l.JJ...\ uo .W.1\, i.l. lo~ v ~ u .•..' .~

126



aH2.JlOratIHO n'pauep~ 1. BuxOA 2.n:eH!Z.Jl3T,r:r:e3'll',jf18a3~ B p::;CqtTe H(i rp~wc~
aCrr071r,3QB2f-lHHX 0 TPJ6ei1 C08 rCiBJ1JIe T 90-95c1,ol Et.! xn.~;.. il 0 1u U.u,- npar.:eps.
IT13IT;,:ep 5.

oEpa:l\e.Eaaae npO~YUEaT~ U,L(eaZJIaT.n;e3G;l\f.:1aCi3H . P

7laH rpnj~ 3ECT)~rap]roT nocne MeX~HViqeCKoro P~CTUP~S~q 0,1 M 6J-

q-;;PEEIE P<:8TBO}Oi.: 'īpac - r::1..n:pOXJlOp~m8/ " Pec~:rti1", OJl~2~e/ pH -

p

n'1~V'eO\7 1 B'-1XDiT rr8ilE;30-~ ._.. _..i • ~ ,-,.LI",

ITp "1 • • C '"' r;•. ~~:! '.

., '1" t::,-, ..,[1' • ~ ...,e 1 C'" ."'>-f " . ..., " :.: ., ~. 'j ,~, ':l '!Illro.IJ;üTCS T:::.~e,!\::K Of1u.Q",n.O -- 1ļl;.J<.U.:C.;.J , .l.u • .t"~.:;..~'-U..,-'" ~-~

r O-·,~,",<···:-~:~"'- ,","~"'ņ rŗt:;'~'R - up!'"Jt\Jl03U / "Pe<1xili';;n, O.'l~JE:e/ 32~.:E:-a ~uv ....J .•· ••...... ~ ••..• -_ ..• _ •.• _. __ ~_"J_ ___ ,'.ļJ~

'"' 1 Iī / Np It 0 ,..- , / r"'I TO" ~" ~ .. e -. .. -,e - - " '72:.;--0:1 c:.iX:U.:, :r••H~e • .::: ..•c ...:::.-:..;-.•.•..:: ü. ...,,ļ .•..-~-

e r aa EHXO.U

Sl., onpe-

I'~
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0,1 r.~Jl.npsriapara, B=.n ē716HHOrO as MauSJl~l:l, pa36JBmIrJT B 100 Pf13

0,1 i:l lca Jlt1;:jc1c 0C.1 TH2.č.: dY':ie'po~,~pR 6,0. r13 'p2 3jaEJl;:;Hr~ nro npena oa T2

0,1 InI )J;OC)<1EJlH..tQT ii v:tlKs6a~ill}HH.Y:O OI.:eCb, cO;J;ep?-~=0J1O 0,1 MJJ.1 ~)J;e-

ucaaaa ~jHl aneacaaa - 5 - MOHO(r,oc(;;2.T~ B 2 1:)10,1 !il J<aiHl~~::Dcq;::lT-

no ro 6s~epa. 'pR 6,0 a [1Ell~y6~.P~Y!0T np a 25°C E re.xe aae 10 i.:~] B T6P-

iv:OC!l:'21'e. Pe~RU;:1.:iJ ·npEF.pa~!OT .L(ojaEJlEa~e1v1 0,5 [.;:]1 20~6 HGI040 2~Tet.~

·Cf!.eCb B~e'p;:;~1.3~-oT sa Jl.b..Iq 10 r,:rB, aeHT'pGr~YI'ilp.VE:T i1~:l 4000 oj/r,:0.H
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NR. 5059

ADAENILATDEZAMINAZES IEGOŠANAS PAŅī:MIENS

IESNIEGUMA NR.

~SNIEGŠANASDATUMS

PRIORITATE

P - 92 - 248

02.12.92

18.06.79

C12N 9178 C12R 1/80 A61K 37/48

PSRS autoraplieciba NR. 10820 Il

Starptautiskās klasifikācijas indekss:

PAMATOJUMS

PATENTA TURET AJs:

AUTORI:

LATVIJAS UN1VERSIT ATE

I.Muižnieks

V.Reveliņa

A.Šafranskis

ANOTACIJA

Izgudrojums attiecas uz mikroorganismu fermentu iegūšanu rnikrobioloģiskajā

rūpniecībā, Izstrādāts adenilātdezarnināzes iegūšanas paņēmrens no Penicillium

lanoso-viride 8D, audzējot to 3 dienna.ktis virsmas kultūrā uz kviešu klijām, kas

sarnitrinātas ar 1.5 - 2.0 tilpumiem ūdens. Galaproduktu izdala, rnicēliju atdalot no

barotnes virsmas, dezintegrējot, fermentu ekstraģējot ar buferšķidurnu, apstrādājot ar

aktivo ogli, ekstraktu sorbējot uz jonaprnaiņas sveķiem un galaproduktu desorbējot ar

0.80 - 0.81 M NaCl saturošu buferšķīdumu.
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Ha OCHOBaHHH rrOJIHOM04HH, rrpe.LI:OCTaB.IIeHHbrX TIpaBHTe.lbcTBOM CCCP,
Focynapcraeaauā KOMI-neT CCCP rro .LI:eJIaM H306peTem1Ü H OTKpbITl!Ü

BbI.LI:aJI HaCT05Huee asropcxoe quw~leJIbCTBO Ha H306peTeHHe:"Cnoco6 nOJ13"1Iemtff IIJIa3J.m,IJ;BO! .nt1K.

ABTOp(asropsr): 3lolJlllepeMlIIa MaC:BHa, lIIaPpaHCItllli I
AJIer<ca1tlij) BoplilCOmR, ~aBe R~ HBOBSa, ABc6epra
C1t~l!Te 3p:aeCTOBSa, ~IDieItC ~mtzc CCI\a:pOBIi1;ļn
KaMpaJ:t3e ABTpa A.mi6epTOBBa .

Sassare.ts:

Ilpnopnrer H806peTeHHH 16cIJeBpaJ1Q 1983r
Baperacrpapoaaao B I'ocynapcraeasox peecrpe

1I306peTeHlIII CCCp I I

15 mJJlq 1984r.
,.[leücTBHe anropcxoro CBlL1eTe.lb(T8J pacnpo-
CTp3H5TeTCH Ha neto reppnropruo COI03a cep.
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3(51) C ltN 15/00; C 07 H 21/04

K ABTOPCHOMY CBMAETEl1bCTBY

A

{21) 355530a/28-13
(22) t6.02.83
(46) t5.11.84. B~n. ~ 42
(72) A.M.3an6epe, A.B.ma~aHcKKA,
H.~.XapTMaHe, C.3.AHc~epra,
H.O.MYAzHHexc 8 A.A.KaMpan3e
(53) S75.~13(088.8)
(56) 1. Clevel1 D.B. and Helinski n.a.
"Proc. Nath. AcacL Sci. USA". 1969,
62, 1,159~1166.

2. Birnboim H.C. and IDoly J. "Nuc-
leie Acids Res.", 1979, 7, ~ 6.
p , 1513-1523.

(54)(57)cnOCOBnO~EH~ nnA3~1HO~
,ltHK 83 MH1<POOHOA OHOMaCChl. BKJlJO'iaKJ!:IHH

nH3HC KneTOK, QeHTpH~yrHPOBaHHe, oca~-
~eHHe QeneBoro npOllYKTa H3 HanOCanoq-
HoA ~KPCTH cnHpTOM. OQHCTKY OT
npaxe ce ā PHK c nOMOm:plO PHKa3bi, 0 ~-

n H Q a ffi m H H C H TeM. ~TO, C
Qenb~ YBe~eHHR Bh~ona ueneBoro ~po-
llYKTa, nH3HC KneTOK npOBO~HT meflC~Nb~
paCTBopOM .c;o.c;eUHJJCYDbiļlaTil HaTpHFi r;;.H!

COOTHomeHHH OHOMacca : 6y~epH~~ paCT-
BOp : menOqHOH paCTEOp gorrEUIGCY~~-
q,aTa HaTpHJ:r 1 : 19 : eJ 7 -l.5), a c)t~VC:"-
KY OT PHK oc~~eCTBnHlQT FHKa30~ E
npHcyTCTBHH 1.0-3, 0 ~~H::TIA.

ioc
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1 1124033 1
H300peTeHHe OTHOCHTCR K t5HOXHHIUl CTPYKTypbJ ilHK B rrpouecce nas aca .

H M~eT ~~Tb Hcnqnb30BaHo AnR pemeHHR nOH~eHHe KonH4eCTBa noneUKncynb~aTa
H8)"1HO-HCCne,l:tOB8TenbCKHXH npH:lma,l:tHbJXHaTpHR H H8Tpa enxoro , KOTopHe B
9aAaq "pH BM,l:teneHHHH OQHCTKe nna3MHA- cpe,l:tyBBO,l:tRTCRB onpeneneHHb~ COOTHO~
HoR ~HK B ynoMRHYTOA 06nacTH, a Ta~e we~HRX, T.e. B KOnnqeCTBaX, onpeneflR~
B MĶKpoOHonorHH, Me.l:t~HHe,reHHoA 5 ~mHX B03MO~HOCTb perynHpOaaHHR nH3Hca
~eHepHH. c·uenb~ coxpaHeHHR KOBaneHTHO CBR3aH~

nna3MtmHaR nHK RBnReTCR oObeKToM., HoA KOJlbUeBOiinna3MHAHOA JtHK. a YC-
HCn01Ib3yeMb~ B reHHoH HH~eHepHH B nosHR HHKyOaUHH 06ecne~HBa~T pa3ne-
K8tleCTBe BeKTopHbIX MoneKYJl, a Tal\JI\e10 JleHHe KOBaneIJTHo-3aMKHYToA KOJlbUeBOH,
KaK cyēc rpar ,l:tnR MHorHX 4!epMeHTOB, nna3MJ.{)J;HoH,llHK01'Oa.nnacTHwX BemeCTB.. '

B TOM t{HCJle3HAoHYKnea3 peCTpHKuHH, YCJlOBHR nH3Hca H HHKy6auHH npe,l:tOTBpa.
KaK TecT-nHK. ma~T penaKcau~ KOBa.neHTHO-3aMKHYToH

H3BeCTeH cnoco6 nonyqeHHR nna3M~- KonbueBOH nna3MHAHOH nHK B nHHeAH~
HoA nHK H3 6aKTepHaJIbHbO<:KneTOK., KneT-,5 R OTKPbITy/Oxorrsuesv» .nHK.
KR cvcnennapoaana B 6YIPepe, pasJ>Y.mami npegnarael>fhJHcno coe oče crrexaaaer

oJlH30UHHOM, 6annaCTHble 6eJIKH OTAeJIRJlH aaxormeuae KOBaneHTHO-gaMKHYToA Kom::' J

C nOMOmb~ ,l:toneUHrtCYJlb~aTaHaTPHR. nnR ueBOH rrna3MHAHOH nHK 95-96%. npouecc~
OqHCTKH rrperrapaTaHcnnnb30BaJIH XJlOpO- Ot{HCTKH 01'PHK npOBOaRT ~epMeHTOM 1 r
IPOPM, H30aMHJ10BbIHCnHpT H l!JeHon.Iīo-: 20 PHKa30H (0,8-0,81 MKr Ha. 1 Mr CYMMap~
norrvxaexaā rrpenapar mIK cogepJI[H'I'MHoro psrx pH6oHYKJJeHHOElb~ KH<:110T)B nPHCYT""
npHMeCeH XPOMOCOMaJJbHOH nHK H PHK [1], CTBHH 1,0-3,0 MM 31U'A (,llHHaTpHeBaJl

Haaēonee 6nH3KHM K H30opeTeHHIO COJIb 3THJJeHgHaMHH N - N - N' - N' -'
no TeXH~eCKOH CymHOCTH H ,l:tOCTHra- -TeTpaYKcycHOH KHCJJOT~). ļ
eMOMY pe3Y1IbTaTY RBJJHeTC~ cnocoe no- '25 BBe,[(eHHe3,llTAnonaanae r aKTJ.fB- ~
nyqeHHR KOBaJIeHTHO-3aMKHWTOH K011bue- HOCTb HYKnea3, TaK KaK HYKnea3~
BOH nna3MHAHoH nRK, BKJIIDqaIDmHI1cne- R3nR~TCJl MeTann03aBHCHMbWH ~epMeH-
~ymHe CTa,ttHH:cycneH,l:tHpOBaHHe6aKTe- TaMH. 3,\TA QBR3~aeT HOH~ MeTaJIna
PHaJIbHblXKJJeTOK B TPHC-6YlPepe co- H cPepMeHTHbrHueHTp HHaKTHIHtpyeTCR•
.z:tepJll:anteMrJIIDKo3Y,nH30UHM, HHKy6HpOBa- B rrpenrrar-aexsrxyCJIOBHRX IlpHCyT-
HHe npH 0°, nH3HC meJJO~~ pacTBopoM 30 CTBHe 3aTA aKTHBHpyeT KaTaJIHTHqeCK

}~O,l:teUHJlCYJlbc!JaTaHaTpHR. Hei:tTpaJIH3au:n;:lOcnocočuo c-rj,PHKa3bJ, TaK KaK PHKa3a
CMeCH aueTaTOM HaTpHR H ueHTpH~rH- He RBnJleTCH MeTaJJJl03aBHCHMWM ~ep-
p~BaHHe. ITna3MHllH~ nHK AB~,nepe- MeHTOM. ITPHCYTCTBHe 3aTA HanpOTHB
OCaJIl:.l:t~TCIlHpTOM H HHKy6HpyroT C nOBMmaeT ee aKTHBHOCTb.

,PHKasol1 (2J. 35 IIpe,WlaraeMblilcno co ē rranpaa.nen Ha
0.z:tHaKOMR J.f3BeCTHorocnococa xa- coxpaxe mre CTPYKTYPbl,nna3MHAHOH UHK

paKTepeH He,llOcTaTOqHOBblcOKHftBblXOg KOH~HrypaUHH ee uenH, Ha rrpe~OTBpa-
neneBoro nponYKT8. meHHe pacKpyqHB8HHR uenH.

UeJIb~ H306peTeHHR JlBnReTCR YBe~ UerrH y~epJll:HB~TCR BMeCTe 6Jlaroaa
.1TWleHHeBbJXOaa rrna3MH,llHORnRK. 40 oēp aaos aamo Tpex aonoporraux cBR3eH

Iloc'rannenaaauerrs nOCTHraeTcR l"'e:JF.lJ.YryaHHHoM (Ci) H UHT03HHOM (U)
TeM, 'tfTOcor.nacao cno cočy nonyqeHHJl nsvx aorroponasrx cBR3eH Me~y a,tteHHH
nna3MH,l:tHoH,llHKH3 MHKpo6HOH 6HOMaCCbJ, (A) H THHHHOM (T). Onx axo cTa6HJISHO
BKnroqaIDmeMYnH3HC KneToK, ueHTp~y- ABOAHOA cnHpanH B OCHOBHOM onpenen~
FHPOBaHHe, OC~aeHHe ueneBoro rrpo- 45 eTCR B3aHMo,l:teHCTBHeMnapanneIlbHo-Īi
:AYKTa H3 HaAOCa~OqHoA lni,O,KOCTHCnHpTOM, -gneKTpOHHblX CHcTeM oCHoBaHHH.
O~HCTKY oT npHMeceA PHK C nOMOmb~ ITp H M e p 1. 40 r 6HOMacc~
PHKa3~, nH3HC KneTOK npOBOnHT meno~- Eicherichia co]i HB 101 pecycrreHaA
HhM paCTBOpOM ~o~eUHncYJlb~aTa HaTpHR P~T B 750 r 6y~epa. COCTOR~erc
npH COOTRomeHHH oHOMacca : 6y~epHb~ 50 H3 MM: '3,qrA ~O, r~K03a 50, TpHc-H
paCTBOp : menoqHoA paCTBOp nO,l:teUHn- 25, pH,8,0.
cYJIb~aTa HaTpHR 1:19(37-45), a OtlHCT- n05aBn~T 1,5 Kr 0,87.-Horo ncne
Ky OT PHK OCYIIteCTBn$)TPHKa30H B CYJTh~aTa HaTpHR B 0, 1 H :NaOH H ne
nplfCYTCTBKH 1 ,O~2, 0 MM 3iŗr}\., _ MemHBaJOT B Te~eHHe 5 ~IlH npl{ KOMH3

CnocoO ocymeCTBn~T CJJe.l:t~mHM 55 TeMnepaType. CMecb HeHTpanH3~T no
o(Spa30M. GaBneHlIeM 1,075 Kr 3H 3ueTaT3 HaTp

n09~meHHe Bb~Ona 06eCrreqHBaeTCR pH 4,8. OCTaBnR~T npH 0 -'+4oC B T,
sa cxe-r coxp anen aa cvnep cnapans aoā HHe 1 t{•.J)canoK OT,l:teJ1RIOTueHTpll~yr
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:' .• .pOBaHHeM .CYne·pH8TaHT, cO,Qepllt~HA
nna3HH,QHYJO ,llHK,AB~ '~epeOC~aJOT
oxnaJr,AeHH1llH:3T8HOnOM (6,65 Kr). nony-
qeRHNA.oca.QOK nocne ~eHTp~yrHPOBaHHR

'~.,peCYCneH.tUtPYJOT.8 50 Mn' (5Y4Jepa, COCTO- 5
mnero "H3 MM:'TpHc'-HCf' 10, pH 7,6,
Nace 10, ··3.llTA '10, ,Qo(5asronoTaKTHBH-
pOBaHHYJO PHKs3Y H3 paCqeTa 50 MKr

.Ra 700 Mn' CYMMaI1HbIX pH(5oHyxneHHoBbfX .'
KHcnoT H HHKy(5HP~T 30 HHH npH 37°C. 10

.HHKy(5aT ,QBSlIt):U>inepeOCmK,D;aJOToxrraznea-

.HbIM :3TanOHOM. 'Oca.r:tOKpe cycneHAHPYIOT.
B 20 Mn6Y4Jepa, COCTORmeroH3, MM:

'rpwc'-HCe 10, pH 7,6, NaCe 10,
'3Jl'tA 10.
, KOH~eHTpaIUOO,lUIK nna3MH.nb1 onpeAe-
'nmcT no IPoPHYne

. C •• A 260 • a . 50,
r.ne C -'KOH~eHTp~HR nna3MHAHoA

1lHK, MKr/MJl;
A260 - OnTJfqeCKaR nnOTHOCTb npa

AJlHHe BOJIHbl'260 KM;
a - KpaTHOCTb pasOaBneHHR;

50 - K03~~HeHT, cooTBeTCT3YIDm~
1 OnTRqeCKOH eAHHH~e I1pHI:VUme.25
SOJlHbl.260 HM, MKr/MJl;

C = 0,76'40~50 = 1520 MKr/MJl =
= 1,52 Mr!Mn.·

J 1124033

OČmRH Bb~OA nHK nJla3MHAM 30,4 Mr
npH 06~eMe 20 MJl 0,076%. Co.neplItaHHe
KosaneHTHO-SaMKHYTOH KOJlbueBOA
nax 95%.

n p H M e P 2. 40 r o!"oMaŗchl,.
Eicherichia coli HB 101 pecycrreHAH-
PYJOT B 750 r 6y~epa, COCTc~mero H3,
MM: 3nTA 10, r~K03a 50,Tp~c-RCe 25,
pH 8,0. nooasnRIDT 1,7 Kr O,8%-Horo

30

AOAeUHncYJlb4JsTa H8TPHR B 0,1 H. NaOH
H nepeMemHBaJOT B TeqeHHe 5 MHH npH
KOMHaTHoA TeMnepSType. C~ecb HeHTpa-
JlH3Y1OTAoOsBneHHeM 1,2 Kr 3M BJteT8Ta
HaT'p'HR,.pR 4,8., .

nanee npouecc npOSOART no npHMepy 1,
HO B 6y~epe AJlR HHKy6aUHH c PHKa30A

.KOHueHTpa~HJO 3nTA ,QOBO,I:tRTi.no 2,0 MM.
KOHueHTpau~ nRK OnpeAeJlRroT no'<PopMyne
C ••AZ60 'a -50 = 0,68"40'50
= 1360 MKr/Mn = 1,36 Mr/MJl.
06mHA' asrxon nRK nJla3MH,llb128 Mr

npH oo~eMe 20,6 MJl 0,07 %. Co,I:tep~aHHe
KosaneHTHo-38MKHYTOA KOJlbUP90H
nHK 95,5%.

Il p H M ey 3.40 r OHoMaccbl'
Eicherichia coli HB 101 pecycr.eH,I:tH-
pyroT B 750 r 6y$epa, COCTORmero

20 H3, MM: 3JlTA 10, r moxo aa 50,
Tp~c-HCa 25, pH 8,0. llo6aBnH~T
1,82 Kr 0,8%-Horo ,I:to,I:teUHJlcy.7bQaTa
HaTpHR B 0,1 H. NaOH H ne peueuna ao r
S TeqeHHe 5 MHH npH KO~HaTHOH TeMne-
paType. CMeCb HeHTpa~H3yroT ~o6aBne-
HHeM 1,3 Kr 3M aueTaTa HaTpHq,
pH 4,8. -;

Ilarree npoue cc IlpOBO,'1JfTno rrpzxe py 1,
HO R oY$epe ,I:tJlHHH~y6aUHn C PHKa30~
KOHueHTpauHro 3llTA ,I:tOBO,I:tRT,'103,0 ~~.

KOHueHTpauHlO ItHK 11.'l<i3MH;:rbls '1Xr/M.:
onpe,I:tenP-roTno ~opMYJle

C = AZ&o'a-50 = 0,65-40'50 =
= 1300 MKr/~n = 1,3 Mr/M~.
OOorHH DbIXO,I:tllHK 11na3MH!J.bl~7, J ~:r

npH 06~eMe 21,0 MJl 0,068%. Co~ep~a-
H'He KOBaneIlTHo-3aNKHYTOrl xorn.uesoā

15
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NR. 5058

ADENILA TDEZAMINAZES IEGÜŠANAS PAŅĒMIENS

IESNIEGUMA NR.

IZSNIEGŠANAS DATUMS

PRIORITATE

Starptautiskās klasifikācijas indekss:

PAMATOJUMS

P - 92 - 247

02.12.92

05.04.84

C12N 9178 C 12R 1/80

PSRS autoraplieciba NR. 1218679

PATENTA TURETĀJS:

AUTORI:

LATVIJAS UNIVERSnATE

V.Nikolajeva

l.Muižnieks

ANOTACIJA

Izgudrojums attiecas uz mikrobioloģisko rūpniecību un konkrēti - uz Penicillium

lanoso-viride 3D adenilātdezamināzes, fermenta, kam piemīt imūnstirnulējoša

iedarbiba, iegūšanu. Izgudrojuma mērķis Penicillium lanoso-viridc 3D

adenilātdezarnināzes irnūnsrimulējošās aktivitātes palielināšana. Izstrādātais

paņērniens paredz fermenta šķiduma karsēšanu 20 - 40 min. 60 - 90°C. Karsēšanas

rezultātā adenilātdezarnināze inaktivējas, vicnlaicigi palielinās tas imūnstirnulējošā

aktivitāte.
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rocYAAPCTBEHHbllĪt HOMKTET cece
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O.nf10AHHE .:~306PETEHIIIR
•. ~.,•. :';';"0 • ~~. • I

. H ABTOPCHOMY CBHAETEJlbCTBY
~:: -

·(21) 3891440/28-14
(22) 29.04~85
00 JIaTlnmClCHA opneaa Tpyzronor-o
KpacHoro 3HaMeHH rocy~apcTBeHHNH YHH-
BepCHTeT HM. IT.CTyqKH
(72) A.B.~aHCKHH, H.O.MyHkHHeKc,

.f.a.MaxapeHXoBa, A.M.3Hn15epe
H C.3.AHct5epra
(53) 577.2(048)(088.8)
(56) lamamoto K.R., m.a. Bruce. Viro-
logy, 40, 734-744, 1970.
(54)(57) crrOCOB rrOflYqEHHHnE30KCHPH-

.BOHYKnEHHOBOfi KHcno~ ~ara XapoH-4A
H peKoM~HHaHToB Ha ero OCHOBe, BKnffi~
~~maA pa3MHO~eHHe ~ara B KynbType

Ecoli K802 C nocne~yromHM nH3HpOBaHH-
eM KneTOK, yrrarre aae xn e-rovnsrx OCTaT-
KOB, xonueu-rp amoo cjJaroBbrxlJ:aCTHU,
OtUiCTKy HX cycneH311H H .nenpOTe}\HH3a~
UHID, 0 T n H lJ:a ~ m H H C R TeM,
~TO, C uenbffi yCKopeHHR cnoco6a, ne-
pe,n y~aneHHeM KneTQ~Hbrx OCTaTKOB, ~a-
r0J1H3aT nO~BepraffiT TepMoo6pa6oTKe
rrpn 55-65"ŗ' lO-IS HH.H,cbarOBble ~aC'rH-
Ubl KOHueHTpHpYJ0T H HHaKTHBHpylOT 3M
aueTaTOM HaTpHR, pH 5,0-5,5 B 06beM-
HbIX COOTHomeHHRX !DarOJll13aT : 3~! aue-
TaT HaTpHR = 1 :0,01-0,015, cycrreH3H1O
O~HmaffiT o6pa6oTKoH ~HK-a30P H PHK-a30H
B 06beMHb~ COOTHomeHHRX cycrreH3HR
nHK-a3a: PHK-a3a = (18-22):1:1.
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, H30~peTeHHe OTHOCHTC~ K MoneKyn~p- nOn~aeMble npeAnO~eHHb~ cnocoOOM

"01' 'CSHo:no'rHJf'~' reHHoHHiR:e'HepHoff 15HO- 4JaroBbu~ xac-raus: HeHHq,HuHPOB8HbJ,'ITO
TeXHOnOrHH,~a .HMeHHOK nOnY'leH~ nHK nOBbmaeT 15HonOrHqeCK~ 6e30naCHOCTb
lļIarOB EK-2 ,~rpYnnbf .aa 9cHoBeJ , aecy- paūo-rsr C HHMR. ',

".•...r .•.•.'~.-. C' ',... ',' • • ••••• ,,-

J!!He ~6ep __~T.!UHH H·.~~~~noco(5.~&.'.e_.JC>. 5 n p H M e pl. 10.n nH38TS
1IJf30reHHOMY"THnY pa3BHTM, HanpHMep E. co li K802 BCTpRXHsalCT C 100 MIl X110-
lļIara XapoH 4A(Ch4A), peKoM15HHaHToB PO$OPM~ H nOABepr~T TepMooOpa(5oT~e
Ha ero ocnoae , np" 55"'C B TeqeHHe 10 MM1i. CMeCb l(eH-

Uenb~ H3o(5peTeHHR RBnReTCR yCKope- 1TpH$yrHPYMT 20 MHH npH 6000 o15/MHH
HHe H nOBblUleHHe (5HonorH'lecJCoA (5e30- to H 4 QC. K CynePHaTaHTY (10 n) Ao6aB-
naCHOCTH cnoco15a. nRICT 100 MIT 3M aueTaTa HaTpHR, pH 5,

Cnocoē ocymecTBnReTCR cneAYJODUlM.. _ .., .,.15b1CTpOnepeMeJJJHBaJOTH OCTaBnR1OTHa
o(5pa30H. .' ....}:.,' .'..~'~ 15-20 MMH npH KOMHaTHOHTeHJTepaType.

Pa3HHO~aJOT~ar B KynbType·~.coli UeHTpH$yrHPYICT 20 MRH npH 6000 06/HHH
K802 C nocnegylCmHH nH3HpOBaHHeM Kne- 15 H 4°C: CnerKa no,ncymeHHbIA oca,nOK cyc-
TOK, y,nanmoT KJJeTO'lHble oCTaTKH,' Aa- neHJlHpytOT B 288 MJ1TpHC-HC 1 15yq,epe

_nee KOHueHTpHpyKlT q.aroBble qaCTHl..(bl, ( 10 MM TPHC-HC 1, 10 MM NaCI, 1 MM
oq~aJOT HX cycneH3HIC H AenpOTeHHH3H- 3aTA) , pH 7,6. CycneH3KIC o6pa6sTbma-
PYICT, nepe,n YAaneHHeM KneTO'lHb~ oc- ICT nRK-a30H 16 ~m (KoHueHTpaUHeH
T8TKOB ctJaronH3aT nonaepr-asrr TepMooei- 20 Mr!Mn.) H PHK-a3011 1(, MJ1 (xosuenrpa-
pa~oTxe npH 55~65°r. 10-15 MRH, q,aro- UHR Mr!MJ1) npH 37°C B Te'leHHe 45 MHH.
Bble qaCTltl..(bJKOHueHTpHp~T H HHaXTHBH- ,llnR pa apymenna q,aroBb~ \{aCTHU cyc-
PY'OT 3M aue-r-a-rox HaTpHR', pH 5,0-5,5 neH3HlO oūp aēa-ruaaior m-l3HpY/OmeACMeChJO
B o5~eMHb~ COOTHomeHHRX$aroflH3aT : (15 Mn 0,3M JllTA+IO ~m 10%-ro ~o,ne-
3M aueTaT HaTPHR = 1:0,01-0,015, cyc- 25 UHncynh~aTa HaTpHR) H Bbmep~Ba~T
neH3HJOOqHmalOTo6pa60TKoH PHK-a30H 15 MHH npH XOMHaTHOATeMnepaType.
H nRK-a30H B o6~eMHb~.cooTHomeHHRx TIpocBeTneHHYIO cycneH3H1O CMeWHBaIOT
cycneH3HR : PHK-a3a : nRK-a3a = C paBHb~ 06~eMOM BOnOHaCb~eHHoro ~e-
= 18-22:1 :1. Hona, pH 8,0 H ueHTpH~yrHPYffiT 20 MHH

ITpe,nnaraeMb~ cnoco6 COKpamaeT npo- 30 npH 4000 o6!MHH.
,nOJDlrnTeJlbHOCThnpouecca H 'ynpoma.eT B BOnRHOH !pa3e e n06aBneHHeM 2
cnoc oč norryxennn J<oHueHTpHpOBaHHbl.X o6~eMOB oxn axnenxo r-o or-aaorra ocaxna-
H O'lHmeHHb~ npenapa r oa 'IaCTHU Ch4A IOT q,aroBYJO }lHK. HHTH )JHK .D:B<UK,D.blnpo-
MR Bbl,lleJleHHR )JHK. īīpononsorr em.no c r s MblBaJOTOXJ1~eHHb~ 3TaHonOM (70°C).
npouecca COKpampeTCR B 10 pa3. TIpocymHBalOT H pecyeneHnHpymT 10 ~,

Uenh ynpomeHHR npouecca ocymecT- 35 TpHc-6y~pa.
BnReTCR J<oM5HHHpoBaHHoHo6pa6oTKoH Bb~O,n: 18 Mr ~arOBOH nHK, CBo6o,n-
q,arOmt3aTa npH nonsmrenaoā TeMnep3TY- HoA OT xpOMaCOMaJIhHOHLIHK. TIpH:MeCH
pe (+55-65 0r.) • PHK OTCyTCTBylOT. TIPO,nOffilGITeJlhHOCTb

KOHueHTpHpoBaHHe q,aroBblx 'Ia<:THU npouecca 2,5 \{. - •
Mo~eT ocvaec-r ans r-cs HX npeunnarauneā 40 IT p H M e p 2. 10 rt nna ar a E .Coli
OPH pH, ~nH3XHX K H303neKTp~ecKoH K802 BCTpRXHBalOT C 100 Mn xnopc~opMa
TOqXe. HaH60nee npHro,neH AnR 3TOH H no,nBepralOT TepMo06pa60TKe npH 60°C
UeJIH aueTaT HaTpHR, OTTHTpoBaHHb~ yK- B TeqeHHe 12 MHH. CMech ueHTpH~yrHpy-
cycHOH KHcnOTOH ~O pH 5,0-5,5 TaK JOT20~mH npH 6000 06/MHH H 4°C. K
xax RBnReTCR BemeCTBOM C BblpaJII'eHHbl- ~S cyrte paa r aa-ry (1 On) n06aBnRIOT 120 M.i1
MH 6yq,epHblMH cBofICTBaMH. Aue r ar HaT- 3M aue r a-ra HaTpHH, pH 5,2, C5bICTPOne-
pHR cnoco('5cTByeT H3Hoonee nonHOMY peMellIHBalOT H OCTaR.f1RJ()THa 15-20 MHH -
oc~eHHIO nRK. npH KOMHaTHOHTeMnep3Type. UeHTpH~Y-

H3MeHcHHe COOTHomeHH~cycneH3HfI rHpy/oT 20 MliH npll 6000 06!MHH Il +.'. ••C.
q,aroB : 3M aue r ar H<1TpH.Rnpe;:t.,araeMhl- sa Cne r-xa noncymeHHblfr OC.:l,IlOKcvcne nan-
MH npe,neJlaMH npHBOnllT nH60 K HH3KOMY PYIOTB 300 MJl TPHC-HCI 6yq,epe (IOMM
asrxorry uerre ao r o nporryx r a (npa nOHH- TpHC-HC 1, 10 Mf-1NaC1, 1 MM 3flTA).
~eHJlofl KOHueHTpauHlI 3~1 aue r ar a HaT- pH 7 ,fi. CycneH3HlO oūp ača ruaaio-r
pHR), nl-l60 K Heo6pa:-lI1'1Cf, neH3TypaUI-IH illfK-a30fl 15 MJ1 (ĶoHueHTpaulI~ !'1rh-~.rI)
H ar-rrosrepausru ~<1rOBbD<'-l<lCTIlU H B KO- S5 It PHK-a:lOi"i 15 rom (KoHueHTp<1'.lIlR Mr/l"IJ1)
lIe'-iHOM ur or e - x ne rp arraum I l:e~,eDO- npa 37''''r. R Te'-leHlle 45 !'1l-1Il. Pa spvme>
ro nponyx r a ilHK Ch'::'A npu nl'BbrmeHIIOM xue diar oaux '-l:lCTIIl{ It 0411CTKY~:l;l'BO(1
cone px aunu aue r ar a H':!,"PIlH. .'TJ-lKnpCFl\L1RT T:1K xe . KaK !J nplf~'l're 1.
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B&IXO.a:,190 Mr q,aroBoA JlHK. Iīpojron-: 3JlTA), pH 7,6 .CycneH3HIO očp aēa-rsrsao-r

:lmTeJI1>HOCTbrrpouecca 2,5 x ,: JU1K-a30P 17 MJi (KOHl(eHTpaUHJIMr /MJI)
n P H'M ep 3. 10 n rntaa-ra E.toli H 17 Mll PHK-a30H (KoHueHTpaUHJI Mr/MJI)

K802 BCTPRXHBaIOT cIDO Mn xnopo~pMa nPH-37°C B TetJeHHe 45 MHH~
H nO.aBepra~T TepMoo~pa~oTKe' npR 65°C 5 Pa3pymeHHe ~aroBb~ qaCTRU R OtJHCT-
B'TetJeHRe 15 MHH.CHecb ueHTpH~yrR- Ky q,aroBoA}lHK npOBOART TaK ~e, KaK
P~T 20 MHH npR 6000 'O(5/MHHR 4°r.. B'npKMepe 1.
K cynepHaTaHTY (10 n) .aooaBnR~T BbmoA: 5,7 Mr ~aroBoA JU1K. ITpoAon-
150 Kn 3M aueTaTa HaTpRR, pH 5,5, ~TenbHOCTb'npouecca 2,5 tJ.
~~CTPO nepeMemHBaIOT H OCTaBn~~T Ha 10ū'p H~ e p 5. 10 n nR3aTa E.coli
15-20 ~ npR KOMHaTHOA TeMnepaTYpe. H802 BCTpRXHBaJOT C 100 Mn xnopoq,0pMa
UeHTpH~rHPYIOT,20 MMH npH 6000 O~/MHH H nOABepralOT TepMoo6pa6oTKe npR 50°C
H 4·C. CnerKa no.acymeHHNI%oca.aOK cyc- B TeqeHHe 8 MRH. CMeCb ueHTpH~yrHp~T
neH.aHPYIOTB 352 Mn TPHc-HCI 6yq,epe 20 MHH npR 6000 06/MMH H 4°C. K cy-
(,10 MM TpHc-HCI, 10 MM aCl, 1 MM IS nepna-ran-rvAo6aBmllOT 75 MJI 3M ana-ra-
3JlTA), pH 7,6. Cycrrenasooo(5pa~aTbJB8JOT Ta HaTpHR, pH 4,8, ēsrc-rponepeMe~-
nHK-a30A 16 MJI (KoHueHTpaUHR Mr/Mn) BalOT H OCTasnRIOT Ha 15-20 MMH npH
H J6 Mn PHK-a30A (KoHueHTpaUHR Mr/Mn) KOMHaTHOA TeMnepaType. UeHTpH~yrHpy-
npR 31°c B TetJeHHe 45 MRH. ~T 20 MHH npH 6000 Oel/MMH H 4°C.

Pa3pymeHHe ~aroBb~ tJaCTHU H OtJHCT-20 CnerKa nOACymeHHbm ocaAOK cycneHnH-
Ky ~roBoA nRK npoBoART TaK ~e, KaK P~T B 250 Mn TpHc-HCl 6y~epe (lO MM
B npKMepe 1. TpHc-HCI, 10 MM NaCI, 1 MM 3llTA),

BbqCop-:18,5 Mr cļlarOBOHJlHK. IIpo- pH 7,6. CycneH3HJO o6pa6aTblBaJOT
AO~TenbHOCTb npouecca 2,5 tJ. JlHK-a30H']4 MJI (KoHueHTpauHR Mr/MJI)

IT P-M M e p 4. 10 n nH3aTa E.coli2S H 14 Mn PHK-a30P (KoHueHTpaUHR Mr/MJI)
K802 BCTpRXHBalOT C 100 Mn xnopo~opMa npR 37°r. B TetJeHHe 45 MHH;
H no.asepralOTTepMoo6pa6oTKe npH 700e Pa3pymeHHe ~aroBb~ qaCTHU R OqHCT~
B TetJeHHe 20 MHH. eMeCb ueHTpH~yrH- Ky q,aroBoH JlHK npOBOART TaK ~e, KaK
PYlOT 15 MHH'hpH 6000 06/MRH H 4°C. B npHMepe 1.
K cynepHaTaHTY (10 n) Ao6aBnRIOT' 30 Bb~OA: 4,8 Mr q,arOBOH DHK. npo~on-
160 Mn 3M aueTaTa HaTpHR, pH 5,6, ~TenbHOCTb npouecca 2,5 ~.
6blCTPO rtepexenraaaxrrH OCTaBnfllOTHa 3qxpeKT cnoco6a 3aKnlO~aeTCA B co-
15-20 MHH npH KOMHaTHOH TeMnepaType. KpameHHH nponO~TenbHOCTH IToouecca
U~HTPH~rHPYlOT 20 MMH npH 6000 06/HHH B 10 pa3 H ynpomeHHH cnoco6a nonJ~e-
H 4°r.. r~erKanoAcymeHHbm ocaAOK cyc-3S HHR KOHueHTpHpOBaHHb~ H O~HIDeHHb~

-,neHJUipYIOTB 400 Mn TPHC-BYcPepe -:-- ' rrpenapa-roa tJaCTHU Ch4A Anfl BbILleJTeHHfl
(la MM TPHC-HC 1, 10 MM N aC 1, 1 MM JlHK.

PeAaKTOp C. PeKoBa
COCTaBHTenb H. KY3eHKOBa
Texpen IT.OneAHHK KoppeKTOp E. PomKo

3aKas 1334/nr.n THP~ 869 TIonnHcHoe
BHmUUl ī'ccvnapc-r-aeaaor-oKOMHTeTa CCCP

no nenaM H30elpeTeHHH H orxpsrruū
113n35, ~locKBa, JK-35, Pavmcxaa Ha6., n , 4/5

nPOH3BOnCTseHHo-nonHrpa.ļ>lItteCKoenpermpas rae , r. YJll:ropon.yn. Ilpoexru.ts, 4
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HBa~eHKO Ma~R ~HMOBHa
MyaMHMeKc ~P~KHC OCKapOSuq
HHKOnaeBa BH3Ma P06epTOBHa
~3e AHTpa An6epTOBHa

C I2 J1. I3/IO

illTaMMPenicillium lanoso-viride B - npO~eHT ~eHHRaT-
.n;e3aMHHa3bI.

M306peTeHMe OTHOCHTCR K MMKpo6HO~Or~eCKOa npOMHillReHHOCTH, B
qaCTHOCTH K npOH3BO.n;CTBy ~epMeHTOB H np~CTaBnReT co6o~ HOB~a illTaMM
Penicillium lano8o-virideB, KOTOP&~ Mo~eT 6~Tb Hcnonb30saH ~RR

rrpOH3Bo.n;CTBa~eHHnaT.n;e3aMKHa3~.
H3Bec~ IDTaMMH, o6~~~e

Aspergillus tamari (1), A.8ojae
ferurn (3) •

OnHCaH IDTaMM Fenioilli~ lano8o-7iride ~ - HaH60Ree a~TH5-
~~. H3 H3Bec~ npo~eHTOB ~eH~naT.n;e3aMKHa3~.(4). 3TOT illTaMY.~e-
eT cne.n;yDwyExapaKTepHCTHK,Y. ĶyRbTypanb~e rrpH3HaRH: KonOHHH Ha cpe-
.n;eGaneKa o~eHHo-pac~e, ITyillHCTHe,B Ha~aRe 6enHe, 3aTeM
6ne.n;Ho-cepO-3eneHbIe,c B03paCTOM 3e~eHOBaTO-CH3He, He KMeD~e TeH-
AeHQHH K 06pa30BaHHD TflMe~, Ha o6paTHo~ CTopOHe He OKpameHHHe. 2a-
nax CHnbHHR, H8lIOMHHaeT aanax KapTe><PeJIbHotiKOpKH. 3Kccy~aT OTCyT-
cTByeT. MOpwORopwqeCKHe rrpH3HaKH: KHCTOqKH 06~HO TpexonpYCHHe, co-
CTORT H3 BeTOqeK, MeTyJI H CTepMrM, HeCKMMeTpKqeCKHe, C KOH~HanbHH-
KH uenoqKaMH 30 - 80 MKM ~JIHHH. KOH~HeHOCUhJ rnepoxoeaTHe, OqeHb ~3-
MeHqHB~e no ~nHHe, CnReTaD~eCR, 100 - 600 x 3 MKM.BeTOqKH 14 - 18x
3 MKM. MeTynH 06pa3~TCR Ha pa3~~ yrJI8X KHCTOQKH no 2-3, ORono 1Cx
x 2,5 MKM. KOH~HH naposxnaae , 3-5 MKM B ~Ha.MeTpe, r .1J~I01e,cner-xa
oxpamesnue B Macce. !ļ>H3HOJIOraGeCKl1enp~3H8.RI1:aCCIDI.HJI~tpyeTnIRJK02Y,
ra.IIa.KT03Ji,KCYfJr03Y,caxapcay , .1TaKT03jT,MaJIbT~3Y, apačznooy , ~P.YKTG-
3Y, KpaXM9.JI,rmfi~ep~IH,MaHHVfT• .YcBaeE:.teTMWHepanb!-f"cr18.30'1' B c.Mr.!Q-

i-B1fu-Iatt 101 HY1'l'paTHof1tļ:opw.e. FI~Tpa.'!'bI BOCC'I'Cl.HciBJlVfEaCT.T~e.'laTHr.yHe pa3-
JKH;naeT. ~iOJIOKO He CSepTHBaeT.

O,!J.H8.l<O a,I1,ep;fJ1'::"TgeJ8.MY!H23Ha.?ar<Tc'IBHCCTb ~35CC:'H::IX nponyuen roe
He~ocTa TOti!]O EH:ICOKa.? :-:pOMe ror-o , H3-.'Ja ~nf3KOn 8KTHEHOCT:1 ,T epM8'-!-
TOD QeJIJl}{1Jla3HOrO KO~'DJleKca ::>Tü:' rtponyuea r ( npOTOTHD) cnocočei- pa.-
CTH TOJlbKO -ra orpaH;'rtl:e~HOM q~CJIe KpaXMaJT-Co~ep1KalJ,~j)(cyocrpa TOE ~1

06JIa,n.a8'i'H CYWTOpO iii, xOTF vf cp~.ar.Y1'1'eJ1 briO ~-n18 rco ŗ~n- '!'()rHH·iOC Tbi(' flP'~
BHyTpW5pk:illUHP't"'M DEe,.J,eHI-f1" er-o cncp Mb!IllaM.

~eHHJIaT~e3aMMHa3Hoti aKTHBHOCTb~,-
(2),Penicilliuw orenneo- stoloni-

l-Hl



Uenb M306peTeHMR - no~yqeHMe HOBora B~caKoaKTXBHoro illT~~-
Ma Penicillium lano30-viride2 - npo~eHTa ~e~~~~T~e3a~~Ha3H.

illTaMMrro~eH H3 HCXOAHOro ~T~~a Penicillium lano8o-vi-
ride SA nyTeM ynbTp~ManeToBoro MyTareHe3a H OTo6paH no M3MeH~HH~A
KYRbTypaRbHb~ npM3Ha~~A ~ r.OBhD~EHOM aAeHMnaTAe3av.MHa3HO~ aK~~E-
HOCTJ1 (Ta6R.I).

Te.6JIYi!$ I

CpaBHMTeRbHaR xapaKTep~c~~Ka ~eHHJIaT~e8av.MH~3HOn
aR:THEHO(:'!'H y HcxoAHoro }j MyTaHT:-ilIX illTB.MYOB Penicil-
lium lanoso-viride.

HaSBa.HYie AKTYfBHOC'I'E: A,i1.A
illTaMMa

KyJlbTypaJ!bHb!e :TpH"3HaKy. :tlE/MJ1 cpe,!J,b! -

P. lan08o-viride 8~ CepO-3eJIeaa~ CKpaC;{a KO- I
ROP.VfM C,8e

P. lanoso-viride MC EOJIee CBeTJIaR o~pe.cKa KO-
'1

I .1IOHl1f1, cnapYJIRT ...U1R 3a.Me,rr,JI€Ha - IIIIP. lanoso-viride TI GKpaCK3. KO.l0rH1;{TeMHee,

II
I qeM y VfCX o,[!.:i0 ro mT~Wlf. C,02 ,1

P. lanoso-viride 31 .B€JIap. Ci<paCK3. :{CJIOHHt1 T ",.._,J'::
l'

r
l

.•. - aAeHJ.urarr'~e3auyrHa3HaR aK'!'~BH~C'I'b oEpe.n.eJ1.FJI8Cb YO,IJ;J.ICņVfr.;HrOEŗ~E-

HLlM crreKTpo11oTO~eTpMtieCImM~1eTO~OY no ~3M'eHeHW0 a6cop6q'1T1

B npocecce ,IJ,e3aMHEWpOSaHl1.'? :l!-'m13Ec',1Ļt.jEX a.r,e;,YfHs. ripu 2/~O ~
265 HU .n)l~I BOJ!HP (5).
3a e,rr,HHlfT.JY ilK':'r-IEfOCT!1 (r.m) rr!J~:·H'P..1ae'!'CF.' KC'JI'1Ce2't'EO (.ep,,:eHT3.,
~e2aJ"YfH~y!)aterO 1 MKM cyocrpara aa 1 Mv!:!. npr..[ 3'PC E C, C5 ~y;
:ļJocq1aTHoM 6.yqJepe pH 6, O.
Orrpeneziexae a:4.:":'HEHOCTI1 npcsonaaocs Ha 3->1 CY~"~l1 pec ~3. rpJ.1-
60E Ha cycno-arape.

lliTa.~ Pen.ic i Ll i.um lano~v-viriies xpasurc s 8 KO)IJ1e!"~I1:1My38.P

KyJIo''I'yp Ha KacPeAP€ G:'W3HO,:ll:onUJ pac reanil H W-HKpO(J1:JJilOf1HH 6~1CJro-
[';ft.IeCKOrO lp-Ta JifY Ht1. Il . CT;"tl:Hl1.

IJI



rrpeAnarae~~ mT~J HMeeT c~e~ XapaKTep~CT~KY.
KYJIbTypaJIbHblenpJll3HaKH:B cpene qaneRa ROJIOHJ1WOrpaHJ1QeH!-lOpa-
CT~e, nymHcTUe, 6e~oro QBeTa Ha npOT~eHn~ Bcero nep~o~a Be-
reT~H. TIPH nOCTOnHHOM BCTPP.XMBaH~J1 B ~KOM cpe~e rpM6 paCTeT
B B~e OBaRbHHX H~ Kpypnux mapHKOE pa3JIKqHO~ BeJInqKHH ( OT 2-3
MM )J;O 1,0 CM) Mm! TR2Keti ( B6J1M3M CTeHOK cocyaa )J,JlR BbIp8.IIļJ1B&Hli,R).

ITPH CTaqHOHapHOM pOCTe Ha ~KHX cpe~ax o6pa3yeT 6eRyID nReHKy
Ha nOBepXHOCTH cp~_
~OJIOr~eCKHe rrpH3HaRM: KHCTOQKH o6~o TpeXORpycHHe, COCTORT
M3 BeTOqeK , MeTYJI M CTepHrM, HeCHMMeTpwqeCKHe c KOH~Ha~b~H
qenO~aMH 30-80 MKM ~JIMHoA. KO~HeHoc~ mepOXOBaTHe, H3MeHqHBUe
no ~JIHHe, KHop~a CnJIeT~eCfl, IOOx600x3 MKM; BeTOqKH 14-18x3
.KM; MeTy~ 06pa3yDTCR Ha pa3~ yrnax BeTOQKJ1 no 2-3, 10x
x2,5 MKM. KOHH,IJ;HHwapoB~e, 3-5 MKM B ,D;MaMeTpe, pJIa,IJ;Kl1e.
~H3HO~OrHqeCKHe rrpH3HaKH: ACCHMMJIMPyeT r~R03Y, raJIaKT03Y, RCM-
JI03Y, caxap03y, naRTosy, MaJIbTo3Y, apa6KHo3y, KpaxMaJl, rJlH~epHH,
MaHHHT, yCBaeaaeT MKHepaJIbHH~ a30~ B HHTpaTHO~ H aMMOHH~O~ ~op-
Max, BOCCTaHaBnHBaeT HHTpHTH, cBep~BaeT MOJlOKO, o6eC~BeqHBaeT
qJoTOfiJleHKy,paapyaaa JleJIaTIffia3Hb111CJIOM_ TIPH BblpaIIļYTBa.rUU1Ha JKYt~-
KHX H n~OTHHX nHTaTe~bHHX cp~ax npo~MpyeT aAeHHJIaT~e3aMHHa-
3Y, ~ePMeHTbT ~eHnD~3HOrO KOMDJIeKCa, a Ta~e p~60HYKJIea3~.

~0,3 M~ cycneH3~~ KOH~HM HeAenbHofl KYJIbTyp~,B~-
~eHHO~ Ha cyCJIo-arape saceBaeTCR B cp~ CJI~~ero COCTaEa:
( B r!JI):NaH03 - 3,0; Kž1P04 - 1,0; Mgg)4 - 0,I5; KCI- 0,5;
Fe.sD4-7H20- I,O;Zns 04-?H2ü - 8,8; Cua:l4 "5H20 - 0,4; Mn~4·
·4H20 - 0,15; 6ypa - 0,1; MOJIH6~aT aMMOHHR - 0,05; pH cpe~-
5,0. fpH6 B~BaeTCp. Ha Q8illKaxileTpH C 06beMoMFpe~~ - 10 MJl
B TeqeF.He 7 cyTOK. AKTMBHOCTb onp~eJIReTCR B MKQeJlHH ~ Bb~a-
~eTCR B ME Ha 1 M~ cpe~H. ~JIR SToro MHuenH~ H BepXHHM cnOK
arap~30BaHHO~ cpeAN OT~eJI~eTCR H 3KCTparHpyeTCp. ABO~ o6be-
MOtl.o,r M cļJoCfļJaTHoro6Ylf1epa,pH 6,0. AKTYfBHOCTb a,n,eHt1JIaT.n,e3a-
MMHa3~ y rrpe~JIaraeMOro mTaMMa ?enicillium lanosu-viriJ~ 5 Ha
8% B~e, ~eM aKTHBHOCTb WTaMMa npoToT~a.

ITpIDAep :2" C,:3 ~iJIcycrreasus KOHl1,IJ.YfH,rrpY1ToTOBJIe:-fHOniIO
_ ~ r ~rrpr-rv.epy 1 Bbl'CeI1Eae'!'c..~ Ha qalJ.H<:H !,eTpH C cyc.ro-arnpor . 1PI'IL B~-

paUU13.2errCH B TepMOCT8.'T'e npv 2Boe 13 Tr:qeHHe 3-4 l'YTuK, r.C'C .ne t.i€:-

1-1:::



['0MKIJ;emdiOTAeJUreTCR OT cpeaa H excrparapyerca KaR OnHCaHO B rrpa-
xepe 1. AKTHBHOCTb ~eHKJIaT~e3aMHHa3bI onpeneasercs B 3KcTpaKTe MH-
~eRHR. YpoBeHb aKTHBHOCTH ~ePMeHTa y npe~JIaraeMOro mTaMMa Ha 3-~
CyTKH pOCTa Ha 45% npeB~aeT ypOBeHb aKTHBHOCTYInpOTOTKnHOrO WTaN.-
Ma, a Ha 4-e cy'rKH - Ha 29,4%.

ITpHMep 3. 0,3 MJIcycneH3HH KOH~HH aHaJIorKqHOnpe~ npH-
MepaM 38CeBaDT B ~amKH ITeTpH, co~e~~e 2 r nmeH~ oTpy6e~, CMO-
qeHHHX 3-MR MJI aononposonaoā E0.IUi. KYJIbTypa sspaaasaerca 3-4 cy-
TOK npH 2SoC. rrJIo~A CJIoA06pa30BaBmerOCR MH~e~R OT~eJIReTCflOT
cp~, npOMHBaeTCR 150 MJIXOJIO,IUioroo,I M ~oaPaTHoro 6~epa, pH 6,0
H 3KcTparH~eTcR ~e3HHTerpaqHev. B TOM ~e 6~epe. AKTHBHOCTb onpe~e-
JIReTCRB S~CTpaKTe M~eRMfl. Ha 3-M CyTKH pocTa yposeHb aKTYlBHOCTH
~eHHJIaT~e3aMHHa3H mTaMMa Penicillium lanoso-viride B rrpeB~aeT
aKTHBHOCTb HCXOAHOro WTaMMa Penicillium lanoso-vir~de gu Ha 42,9%,
a Ha 4-e C7I'KH pocra - Ha 79%.

KpoMe Toro npe~~raeMHn illTaMMB OnYlCaHHb~yCJIOBHP.X06JI~aeT
ypoBHeM a~THBHOCTH ~epMeHToB ueJIJIIDJIa3HOrOKOMTIJIeKcaB 6 pa3 rrpeB@-
m~ TaKOBO~ y Hcxo~oro illTaMMa,QTO oTKp~BaeT nepcneKTHBy KOM-
nJIeKCHOroHCrrOJIb30EaHHRillTaMMa.AKTHBHOCTb ~eJI~~3 orrpe~eJIHeTCp.
no MeTo~ M~eJIbC- Be6epa (6) C nOCJI~~eH perMcTpa~~e~ EOCCTa-
HaSJrnBa.I)IIļHX caxapos ~HHHTpOcaJIHWlJIOB@Mpaer-earoa (7).

np~JIaraeM@~ illTaMMxapaRTep~3yeTcR Ta~e oonee B~COKMY. ypOB-
HeM aKTHBHOCTH pHooHyKJIea3, qeM y UCXOAHoro rnTe»~a. AKTM~HOC7b Pll-
6oHyKnea3 onpeAenp.e~cR cneKTpo~cTOMeTpHqeCK~ ~o 1tpHpOCTyrro~~o~e-
nMF-' fip.r 2EO HM B !üICJIOTOpaCTBOpaMotl ~iP3RI..ĢHi ~1H~y6aLī;HOHH0:1 cxrecz (8).

Ta6.iI;~a 2.

CpaSHMTeJH::HaF.aKTl-fEHOCTbn1,O,pom:n1t1eCKl1X Qe:;!M8HToE
UITa.z.,~OB Penicillium lancso-viride • '*

[r rp A M M ~ -~ep1>ieHTO: r:> B~

AAeH~naT~e3e~XHa3a 21,0 100,.]
Iie .~.ffiOJla3bI 16,8 IOO,C
TIpoTea3bI IOO,O 14,~
PH:fu3bI 89,4 I('C, ci



• - AKT~BHOCTH ~ePMeHTOB B~~eHH B % OT MaKCWManbHOM.
~R npOBepRH BKpyHeHTHoCTM rrpe~~araeMOrO H rrpOTOTKnHOrO

illTaMMOEcycn6H3HR cnop pa3nHQH0~ KOH~eHTPaQHM ( 105 - 10IOcrroP/M~)
BBO~HTCB 3KCnepHMeHTaRbHNM ma60paTOpHC~ Mb~~A H KpNCaM B~YTP~-
~eņYAo~o (B/*) H BH,yTpH6pDWKHHO (B/6), noc~e qero yCTaHaSRMEa-
eTC? epeAHeBHPy~eHTHaH ~o3a(~50)no pe3ynbTaTa~ PH6eRM ~EOT-
HHX E Te~eHMe I5 CyTOK Ha6~eH~R ( Ta6n.3)

TarJmn~a 3.
Cpe.n,HeswpyJIeHTHhIe~03b;' ()Ņ 50) II!T8.MMOB Penicilli um
lano8o-viride •

Cnoco6 ill TAMMbl
1
I

I

BBe,rr,eH.ilfR P. lanoso-viride ~ F. lanoso-vir:'de B

~aM E/2K 4· ro'! ~ . "',ie Iv 1'-'
MElliI8.M B/6 I·r07 I·108

Kp:bJ~aM: B/'!!. YI
B/6 ~. CJI • PH6e.n:H >1010

.vJ3 rrpasenexnux ,rr,a.t.Ll..fb'X caenyer , tiTO EMpyJIeHTHOCTb npeaxaraeeor-o
illT~~a Ha rropF~OK H~~e, qeM y MCXC.IJ,HOPO.
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