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INDRIKIS MUIZNIEKS

Dr. biol.

HABILITACIJAS DARBA
“Dazu imunmodulatoru mikrobiologiskas sintézes procesu izpete”,

kas iesniegts zinatnisku publikaciju kopas veida LU Mikrobiologijas un
Biotehnologijas instittita habilitacijas un promocijas padomei habilitéta zinatnu

doktora grada iegii$anai biologijas zinatnés, mikrobiologijas apaksnozare,

KOPSAVILKUMS



I Visparéjs raksturojums

Publikacijas atspogulotie rezultati iegiti laika no 1979. lidz 1996. gadam,
stradajot LU Biologijas fakultates Augu fiziologijas un mikrobiologijas katedras
(vaditdja - profesore Heléna Maurina) Augu attistibas fiziologijas laboratorija, bet no
1991. gada - uz iepriekminétas laboratorijas bazes izveidotaja Augu un
mikroorganismu genétikas laboratorija. Dala pétijumu 1984. - 1987. gados veikti
sadarbiba ar Pragas Karla Universitates zinatniekiem Cehija, bet kops 1988. gada -

Vicija, stazéjoties Régensburgas un Kelnes universitatés.

Darba izmantotas dazadas pieejas imino atbildi veicino$u savienojumu
iegiiSanai no mikroorganismu 3tinam un klonéto génu ekspresiju regul€joo faktoru
izpéetel.

Selekcionéti Penicillium gints augsnes mikroskopisko sénu celmi, kun sintezé
dabisku imiinstimulatoru - glikoproteinu ar adenilatdezaminazes enzimatisko
aktivitati. Raksturota adenilatdezaminazi (ADA) producéjoso Penicillium celmu
fiziologija, izstradatas metodes ADA attiriSanai un dots tas imunologiskas iedarbibas

spektra raksturojums.

Ar génu inZenierljas metodém konstruéti cilvéka imGnmodulatoro proteinu
génus nesoS1 Escherichia coli celmi. No molekularas mikrobiologijas viedokla
raksturoti faktori, kuri regulé plazmidu génu stabilitati un ekspresijas efektivitati
baktériju Sinas.

Darba izmantotas:

mikroorganismu fiziologijas un biokimijas metodes: mikroorganismu
kultivéSanas apstaklu optimizacija, mikroorganismu fermentu un DNS prepardtu
legliSana un aftiriSana, fermentu ipasibu raksturo§ana, DNS struktiiras analize ar

restrikcijas analizes un sekvenéSanas palidzibu;

mikroorganismu  genétikas un génu inZenierijjas metodes: mikroorganismu
celmu selekcija un konstruéSana, to Zenétiskas stabilitdtes raksturoSana, génu
biblioteku veidoSana un DNS klon&Sana, virzita mutagenéze, proteinu un DNS
mijiedarbibas izpéte ar veidoto kompleksu elektroforétiskda kustiguma un proteinu

neaizsargatas DNS degradacijas (“fitprintinga”™) palidzibu, plazmidu génu promoteru



efektivitates raksturoSana péc reportiergé€nu ekspresijas aktivitates un DNS topologijas

izpéte ar Sim noliikam speciali pielagotam elektroforézes metodem:;

eksperimentalas imunologijas metodes: humordlo un $tinu imino atbildi
raksturojoSie testi: limfocitu mitotiskas aktivitdtes stimulé$ana un blasttransformacija,
antivielas producgjoso Stinu skaita noteikSana liesa (Jernes reakcija), audz&€ju un
Iminas sistémas $tnu mijiedarbiba in vitro, asins biokimisko raditdgju un Siinu
morfologijas raksturojums, transplantgjamu audzg&ju un inducétu infekciju attistibas

pétijumi laboratorijas dzivniekos.

Darbu izstradajot, ir vaditas 4 doktora disertacijas un vairak neka 10
diplomdarbi.

AizstaveSanai lesniegtaja darbu kopa ir ieklauti 6 zinatniskie raksti anglu
valoda, 2 zinatniskie raksti ¢ehu valoda, 4 zinatniskie raksti krievu valoda, 8 PSRS
autorapliecibas, no kuram piecam izpemts atbilstoS§s Latvijas Republikas patents.

Publikaciju impaktfaktoru summa péc ISI datiem 1996. gada ir 19, 347.

II. Petijumu virzienu teoretiska un praktiska nozime, problemas un

uzdevumi.

Imiino atbildi veicino$ie savienojumi sekmé organisma pretestibas spéjas pret dazadu
infekcyju 1zraisitgjlem, ari pret audz€ju Stnu attistibu. P&dgjos gados parddijusas
jaunas bistamas infekcijas, daudzi jau sen zinamo infekciju izraisitdji ir zaud@jusi
jlitibu pret agrak lietotajam terapijas metodém. Tad€| ipaSa veriba tiek pieveérsta jaunu
astniecibas panémienu mekl€jumiem, ari organisma nespecifiskas imiinds aizsardzibas
stimuléSanai.

lespéjamas divas pieejas imuno atbildi veicinoSo savienojumu iegiSanai no
mikroorganismu Sunam. Pirmkart, 1zmantot dabas doto mikroorganismu vielmainas
produktu daudzveidibu un meklet starp to Slinu komponentiem savienojumus. kuri
spétu izraisit dzivnieku un cilvéka organisma imilnas rezistences sp&ju palielinasanu.
stimulét noteiktus imiinds atbildes veidoSanas posmus. Otrkart, izmantojot
molekularas klongSanas metodes, veidot jaunus mikroorganismu-producentu celmus.
kas nes hibridus génus un spgj sintezét Siem géniem specifiskos proteinus, arl

imunmodulatorus.



Tradicionalie mikrobiologiskas sintézes potencidla izmantosanas virzieni ir saistiti ar
spirtu, organisko skabju, aminoskabju, antibiotiku un fermentu iegtSanu. Uz $is
daudzveidibas fona salidzino$i retaki Ir mégindjumi izmantot mikroorganismu
vielmainas produktus imunas atbildes veicinaSanai. No mikroorganismu izcelsmes
iminstimulatoriem plasako pielietojumu ir atradusi $iinu apvalki vai to komponenti
(zimozans, propermils, muramilpeptidu preparati, LPS). Praksé tiek lietotas ari

nefrakcioné&tas nonavétu mikroorganismu §tnu suspensijas (BCG, pirogenals).

Klasiskas mikroorganismu celmu-producentu selekcijas metodes pedgjos 20 gados
biitiski papildinajusas iesp€jas, kuras sniedz génu inZenierija. Ar tas metodém
konstruéti daudzi jauni celmi, kuri sp& producét iminas atbildes veido3anos
regulgjosas molekulas: limfokinus, interferonus u.c. Lai efektivi izmantotu
rekombinantos mikroorganismu celmus, necieSams kompleksi izzinat génu aktivitates
regulacijas elementus, kuri ietver kd molekulari genétiskos, ta ari fiziologiskos

faktorus.

Darba mérkis bija noskaidrot dazadu pieeju efektivitati imtinmodulatorus sintez&josu
mikroorganismu celmu iegiSanal, apzinat faktorus, kuri ietekmé produkcijas

efektivitati, un peétit plazmidas klon&to génu regulacijas mehanismu.

Mérka sasniegSanai tika analizéti dazadi fiziologiski aktivu savienojumu

mikrobiologisk3as ieguves aspekti, gan stradajot ar dabiskos iminstimulatorus

razojoSajam kultiram, gan klongjot cilvéka imiino atbildi regul&joSo proteinu génus

un pétot rekombinantu génu ekspresijas regulédanu.

Uzdevumi:

1. Izveidot iesp€jama dabiskd iminstimulatora, fermenta adenilatdezaminizes
(ADA), sintezgjosus mikroorganismu celmus.

2. Izpétit ADA ipaSibas, tds imilnstimul€josas iedarbibas spektru un mehanismu.
legiitd preparata pielietoSanas perspektivas.

[egiit bakteriju celmus. kas plazmidu vai virusu sastava replicé cilvéka imiinds

W

sistémas aktivitati regul&josus génus.

4. Izpétit faktorus, kuri noteic rekombinantas plazmidas saturoSo baktériju celmu
stabilitati.

5. Noskaidrot DNS topologijas ipatnibu lomu rekombinanto plazmidu genoma

funkciju regulésana.



I Galveno rezultatu kopsavilkums

Adenilatdezaminazi producejoSo celmu ieguSana, fermenta un producenta
ipasibu izpete.

Adenozina atvasindjumus dezamingjoSos fermentus producgjoSo mikroorganismu
mekl&jumi tika uzsakti, lai veidotu enzimoterapijas metodi ar adenozindezaminazes
deficitu saistitajam cilvéka kompleksajam iedzimta imiundeficita sindromam.
Parbaudot vairakus simtus dazadu sistematisko grupu mikroorganismu klonus, kuri
tika izol€ti no augsnes uz sintétiskam barotné€m, kas ka vienigo slapekla avotu saturéja
adenozinu, tika atrasts Penicillium lanoso-viride 8 celms. Si celma klons 8D, augot
uz vienkarsas kliju barotnes, producgé 40 - 50 IU (starptautiskas fermenta aktivitates
vienibas) nespecifiskas adenozinaminohidrolazes jeb adenilatdezaminazes (E.C.
3.5.4.6) uz gramu substrata, tadé€jadi 3 - 5 reizes parsniedzot patentu literatlira ieprieks
aprakstito celmu aktivitati. Celma ipaSibas aprakstitas PSRS autoraplieciba N'.
782392, tas deponéts Vissavienibas Antibiotiku zinatniskas pétniecibas institlita
Mikroorganismu kulttiru kolekeija. Uz PSRS autorapliecibas pamata izsniegts
Latvijas Republikas patents N'. 5056. Ferments uzkrajas sénes micélija noteikta
augSanas fazg, sakot diferencéties konidijsporas veidojo$ajam S$tnam. Ar UV-
mutagenézes palidzibu tika iegits Penicillium lanoso-viride 8D atvasinajums 8B, kur$
producé lidz 90 IU fermenta uz gramu substrata, un kura nepigmentétas konidijsporas
ir praktiski netoksiskas laboratorijas dzivniekiem. Sis celms aprakstits PSRS
autoraplieciba N'. 14999919.

Penicillium lanoso-viride adenilatdezaminaze (ADA) tika izdalita no sénes micélija,
un tika raksturotas tas ipaSibas (Pesenunst et al. 1981). Ferments ir glikoproteins. kura
nativas formas molekulmasa ir apm. 210 - 230 kd, bet SDS-poliakrilamida ggla tas
veido zonu, kura atbilst 58 kd masai. 22 - 25 % no fermenta masas veido polisaharidi.
Konidiju veidojoSo sénu micélija tas ir vislielakajad koncentricyja atrodamais
glikoproteins, tadel vairdkds publikacyas tas tiek déveéts par P.lanoso-viride
glikoproteinu A (GPA). Reakcyjas atruma samazinasanas kartiba ferments dezamine:
AMP. ADP, ATP, adenozinu. NAD. dATP, dezoksiadenozinu, NADF un 2°,3’AMP.
Ky = 7-4x10° M. Optimalais pH ir 6.0+0.3, t° = 37°C , sils koncentracija - 0.04 -
0.10 M NaCl.



Tika izstradiatas ADA attiriSanas metodes, 1zmantojot adsorbciju uz siluhroma,
selektivu precipitaciju ar polianjoniem, ka arl sorbcijas un jonu apmainas
hromatografijas kombinaciju. Par $im ADA attirianas metodém tika iegttas PSRS
autorapliecibas N'. 942429, N'. 999598, N'.1082011. P&dgjai atbilst LR patents N
5059.

ADA stabilitate attiritu preparatu veida, arl augstd ipatn&ja aktivitite imobilizéta
Penicillium micélija dod iesp€ju izmantot fermentu inozina un ta atvasinajumu
iegiiSanai (autoraplieciba N'. 764385), kuri var biit noderigi gan farmakologija (piem.,
riboksins), gan ka garSas piedevas (piekta veida jeb “galas gar§a”) partikas raZo3ana .
Tika paraditas arl iesp€jas izmantot ADA fermentu elektroda izveidoSanai, lai

noteiktu adenozina atvasinajumu koncentraciju biologiskajos Skidrumos.

Adenilatdezaminazes imunstimulejoso 1pasibu izpete

Attiriti ADA preparati (40 - 50 IU/ mg proteina) izraisa ka humoralas, ta $Sinu imiinas
atbildes reakciju aktivésanu iz vivo un in vitro testos. Konstatéts, ka ferments stimulé
*H-timidina ieslégSanos limfocitos un limfocitu blasttransformaciju par 30 - 50 %,
antivielas produc€joso Sunu skaitu liesa par 20 - 140 %, liesas un audzgja Siinu
adhéziju - 2 reizes (HuxomaeBa H Myipkauekc 1985; Zak er al. 1986). Fermenta
ievadiSana kaveja arl vairaku eksperimentalo audzgju attistibu. /n vitro par 25 - 50%
tika samazinata "*C-uracila ieslég$anas nukleinskabés Erliha ascita un limfoleikomas
L5178y Sunas (Hukonaeea u Myipkauekc, 1985), in vivo tika 1,5 - 3 reizes paildzinats
dzives laiks pelém ar transplantétu limfoleikomu L5178y, butiski samazindta pret
kimioterapiju rezistento metilholantréninducéto fibrosarkomas $tnu liniju augSanas
intensitate (Zak et al. 1986, 1988). 1 - 3 IU ADA profilaktiska ievadisana pelém
izraisa spilgti iztetktu aizsardzibu pret salmonellu, pseidomonu un gripas A virusa
infekcjam  (Nikolajeva et al, 1996). Eksperimentos, kur tika pétita ADA
iminmoduléjosa iedarbiba in vivo, tika atrasts, ka pelém optimala fermenta doza ir 1 -
3 mg/kg ievadiSanas reize.

Patot ADA iedarbibas mehanismu, tika konstatéts, ka iminstimulgjosas ipasibas
vienada mera piemit k3 nativam fermentam. ta termiski denaturétam, enzimatisko
aktivitati zaud&uSam glikoprotemam. P&c palielinatas, 25 IUkg. ADA dozas

parenteralas 1evadiSanas pelém novérojama apm. 12 stundas ilga  neitrofila



leikocitoze, kuras laika stabinkodolainie neitrofili sasniedz apm. 30 % no kopgja
leikocitu skaita (Kampamse et al, 1989). Lidzigas asins Stinu sastava 1zmainas un
akuitas fazes reakcijai raksturigu proteinu (ceruloplazmina, séruma amiloida proteina
priekSte¢a) paradiSands asins seruma tika noveérota arl eksperimentos ar Zzurkam,
truS§iem un aitam, pie tam, rékinot uz dzivnieka masu, biologiski efektiva ADA doza
strauji samazinas. ADA ievadiSana truSiem izraisa izteiktu pirogéno efektu, kas nav
saistits ar bakteériju LPS piesarnojumu, jo netiek samazinats péc fermenta preparata
attiriSanas ar “‘Detoksigela” (polimiksina) hromatografijas palidzibu. ADA
biologiskas aktivitates pétljumi iminsupresétos dzivniekos, un ADA spéja 1zraisit
noturigu  5’-nukleotidazes aktivitates samazinaSanos induc€tos peritonealos
makrofagos liecina, ka fermenta preparata iminstimulgjo$as darbibas mehanisms
vismaz dal€ji ir saistits ar makrofagu aktivéSanu (Nikolajeva et al, 1996).
Imiinstimul&joSo 1pasibu saglabaSanas péc ADA termiskas apstrades norada uz to, ka
par glikoproteina biologisko aktivitati, lidzigi lektiniem, ir atbildiga ta polisaharida
dala. Termodenaturéta ADA stabili un ilgstoSi saglaba imiinstimulgjoSas ipaSibas.
Termisko apstradi var izmantot ka papildus etapu tie§i imtunmodulacijai paredzét

preparatu iegsanai (autoraplieciba N'. 1218679).

Plasaki ADA producgjoso Penicillium celmu biokimisko 1pasibu pétijumi paradija, ka
tie sintez€ ari daudzveidigu hidrolitisko fermentu kompleksu - celulazes, amilazes,
pektinazes, macerazes. Pateicoties daudzveidigajai fermentu aktivitatei, $ie celmi labi
aug uz dazadiem celulozi saturoSiem lauksaimniecibas atkritumproduktiem, no
kuriem tadejadi ar mikrobiologiskas transformacijas palidzibu var iegiit ar proteinu un
biostimulatoriem bagatinatas lopbaribas piedevas (autoraplieciba N'. 1064500).
Penicillium celmu celulolitisko un hidrolitisko fermentu kompleksu iesp&ams

izmantot ari augu Sunu protoplastu iegisanai.

Cilveka genu bibliotekas ieguSana un limfokinu genu klonesana

[zmantojot A-Churond4A fagu vektorsisttmu un fagu in vitro reasocidciju, iegiita
reprezentativas cilvéka leikocitu DNS genoma bibliotékas, kuras ar molekulards
hibridizacijas metozu palidzibu tika atrasti virusu kloni, kas satur a-interferonu.

interleikina-2 un imunoglobulinu smagas kedes konstantds dalas génus. Interteronu un



interleikina-2 géni talak parklonéti plazmidu vektoros un sekvenéta ka to kodgjosa

dala, ta ari 5’-regulatorie rajoni (SAnxeruu et al., 1989).

Paradits, ka, genoma biblioteku amplificéjot, A—fagu klonu struktiira un reprezentacija
populacija strauji mainds. Tade], lai nezaudétu klonu parstavniecibu biblioteka,
velams to saglabat attiritu in vitro agregacijas ekstraktu veida. Strad3jot pie liela
skaita fagu klonu DNS raksturoSanas, bija nepiecieSams izstradat atru un vienkarSu

metodi §is DNS iegtiSanai (skat. autorapliecibu N'. 1277748)

Parklongjot plazmidas intronus nesaturoSos cilvéka al-interferonu hromosomalos
génus, tika leglti Escherichia coli celmi, kuri ekspresé rekombinanto G un D

Interferonu.

Paradits, ka baktérijas, kas satur cilvéka al-G interferona génu neso$as plazmidas, tiek
sintezéts N-gald saisinats interferona proteins. Saja gadijuma notiek translcijas
inicidcija no interferona iekSgéna SD-analogas sekvences. Rekombinanta proteina
efektivu sint€zi sekmé apm. 300 b.p. gara fragmenta delécija no vektorplazmidas
struktiira eso$a fet-g€na rajona, kas atrodas 3’ virziena aiz INF-al-G géna kodgjosas
dalas. Petijjumi, izmantojot baktériju rnc” celmu mutantus, paradija, ka $1 biosintézes
aktiveéSana nav saistita ar retroregulacijai lidzigam paradibam. Lai panaktu pilnvértiga
interferona proteina sintézi, ar virzitas mutagenézes palidzibu iegiiti géna varianti, kur
likvidéts baktérjas izmantotais iekSgéna SD saits. Poliakrilamida gela elektroforéze
paradits, ka Sada géna ekspresijas rezultata bakteérijas uzkraj par saisinato interterona
variantu garaku proteinu. kura identitati un fiziologisko aktivitati paredzéts

noskaidrot.
Rekombinanto plazmidu replikacijas un strukturas stabilitates izpete

Parklongjot genoma DNS fragmentus plazmidu vektoros, novérojama ar heterologis
DNS fragmentu 1pasibam saistita selektivitate. Baktériju §tnds netiek akceptéti DNS
apgrieztie atkartojumi, kas saméra biezi atrodami genoma regulatorajos rajonos.
stabilitati strauji zaudé rekombinantos proteinus aktivi sintezéjosie kloni. notiek

klongjamas DNS struktiiras izmainas, inserciju elementu integricijas rezultata.

Replikacijas un struktiiras nestabilitate ir viens no faktortem, kas kavé vai reizém pat
padara neiespgjamu ar gEnu inZenlerjas metodém konstruéto plazmidu un

rekombinanto celmu praktisko 1izmantosanu.



Skaidrojot no plazmidas replikona un saimniek3tinas genoma atkarigos faktorus, kuri
ir atbildigi par klonéto génu ekspresijas efektivitati, par modelsistému izmantotas
pBR grupas vektorplazmidas, kas nes ampicilina un tetraciklina rezistences génus (blu
un tet), ka ari pUC plazmidas klonéts baktériju a-galaktozidazes géns (rafA). Paradits,
ka rekombinanto molekulu replikacijas un struktiiras stabilitati kompleksi regulé no
klonéto génu ekspresijas un saimniekSiinas rekombindcijas/replikacijas sistému
darbibas atkarigie faktori. Viens no nozimigakajiem faktoriem, kas izraisa
rekombinantu nestabilitati, ir ar producgjama proteina sintézi saistita papildus
metaboliska slodze vai ari §1 proteina ipaSibas, visbieZak tendence integréties
membranu sastava, kas var izraisit saimniekSiinas dalifanas trauc€jumus. Ta rezultata
novérojamas integralas 1zmamnas producgjoSo Siinu un koloniju morfologija
(Marowkosa u Myibkanekc 1985). Vektorplazmidu sastava $ads metaboliski
toksiskais elements ir tet géna proteins. Bez tam plazmidu géni tiek vaji ekspreséu
bakteriju kultiiras augSanas cikla sakuma un logaritmiskas augSanas fazes pirmaja

pus€, kas populacija sekmé bezplazmidu Sinu segregaciju.

Baktériju 3Sunas inaktivé nekontroléti efektivi ekspres€jamos génus ar inserciju
mutagenézes palidzibu. Sekvenétas IS1 elementa in vivo integracijas vietas, kuras
izraisa fer-g€na inaktivéSanu un plazmidu replikacijas stabilitates palielina$anos. 13
neatkarigi ieglitos pBR322 IS atvasinajumos konstatéts, ka ISI orientacija I
integréjas aiz 199. nukleotida, bet orientacyja II - aiz 47. nukleotida plazmidas
sekvencé. pBR327 struktira IS1 ornentacija I integréjas aiz 34. nukleotida (3
neatkarigi izolati), bet orientacija II - aiz 31. nukleotida (3 neatkarigi izolati). pBR313
sastava 12 gadijjumos atrasta IS1 integracija tikai orientacija I aiz 247. nukleotida.
Visiem pBR322 inserciju atvasinajumiem, salidzinot ar sdkotnéjo plazmidu.
raksturigs palielinats kopiju skaits, t.i. - paaugstinata RNAII promotera aktivitate. rer
géna struktiira visds minétajas plazmidas ir identiska. Tade| jasecina, ka spilgti
izteikto inserciju saita specitiskumu $aja géna dazadas plazmidas nosaka nevis DNS
sekvences elementi, bet gan citi, visdrizak ar replikona topologiju saistiti faktori.
Genu ekspresijas efektivitditi un nelikumigas rekombinicijas specitiskumu var
ietekmét attdlas, replikona telpisko struktiiru veidojo3as nukleotidu secibas.
pieméram, statiski salickti DNS segmenti. Konstruétas modelplazmidas, kuras dod

iespéju petit replikona topologyjas ietekmi uz gé&nu ekspresiju un transkripciju.



No saimniek§inas genotipa faktoriem, kuri nosaka rekombinanto plazmidu
replikacijas efektivitati, pirmam kartam ir minama recA atkariga rekombinacijas
sistéma. recA" celmos daudz efektivak neka recA” §inas novérojama plazmidu
dimerizacija, kura strauji samazina to replikacijas stabilitati. Izmantojot noveérojumus
par celma genotipa ietekmi un baktériju kultiiras augSanas fazes nozimi plazmidu
replikacijas efektivitates nodroSinaSanai, izstradatas vienkarSas un efektivas metodes

— =~

plazmidu DNS attiriSanai (autoraplieciba N'. 1124033).

Plazmidu génu ekspresijas regulacijas petijumi

Rekombinanto plazmidu replikacijas un struktiiras stabilitates pétijumi paradija, ka
klonéto génu efektivai ekspresijal nepiecieSams izmantot labi regul€jamus baktériju
génu regulacijas elementus, promoterus, kun varétu blokét kontrolgjamo génu
transkripciju normalos augSanas apstaklos, tadgjadi saglabajot konstruéta klona
stabilitati. Ka $ada reguléjama promotera modelis izvél&ts baktériju raf-operona

promoters PrafA.

Raksturotas DNS un transkripeiju reguléjoSo proteinu mijiedarbibas PrafA sastava.
Izstradatas metodes RafR (represora) proteina attiriSanai un paradits, ka §is proteins
saista divas operatora sekvences abpus promotera -35 secibas, tadgjadi nodrosinot loti
efektivu géna represijas limeni (Aslanidis e al. 1990). Promtera aktiva darbibas forma
ir dimérs, tau augstas lokalas koncentracijas apstaklos, tas sp&j veidot arl tetramérus
kas nordda uz sarezgitu DNS-proteinu telpisko kompleksu veidoSanas iespéjam
(Jaenicke et al. 1990). Ar virzitas mutagenézes palidzibu selektivi inaktivéti viens vai
otrs rafA géna operators, paradita to loma géna kontroles procesa, paraditas promotera
iespejas citu, modelgénu ekspresijas regulésanai (Muiznieks and Schmitt 1994).

Paradits, ka gan CAP, gan RafR proteini. piesaistoties pie savam mérksekvenceém.
saliec DNS apm. 90° lenki, tatu lick3anas virzieni ir pretéji. RafR proteins liec DNS
“projam no sevis’. DNS mutdcijas, kas nemaina CAP afinitati, bet kavé ta spéju
saliekt DNS, apm. 3 reizes samazina CAP-atkarigo promotera aktivacijas etektu.
Paradits, ka PrafA promoters satur papildus regulatoro elementu, kas sakrit ar O,
rajonu, bet kuram ir pat lielaka nozime neka -35 sekvencei promotera bazilas (CAP-

nestimulétis) aktivitates noteikSanai.



Paradits, ka bez tie$am proteinu-DNS mijiedarbibam promoteru aktivitati buatiski
ietekmé DNS topologijas ipatnibas. Nelielas novirzes DNS topologija, kuras izraisa
citidina atlikumu metiléSana promotera sekvenc€, nemaina proteinu saistiSanas
efektivitati, bet modificé kop€jo transkripcijas kompleksa telpisko uzbiivi un
samazina promotera aktivitati (Muiznieks and Doerfler 1994, NAR). Molekulas
telpiskas struktliras un proteinu saistibas sp&ju 1zmainas DNS modifikacijas rezultata
darbojas kooperativi, atkariba no promotera struktiras un reportiergéna dabas

reguléjot transkripcijas efektivitati (Muiznieks and Doerfler 1994 FEBS).

Tadgjadi paradits, ka lidztekus tie3am, nukleotidu sekvences noteiktam, proteinu un
DNS mijiedarbibam génu ekspresiju ietekm& arl promotera un replikona telpiska
struktiira.

v Secinajumi

Darba rezultati parada ka klasisko selekcijas metozu, ta ari génu inZenierijas
Izmantosanas produktivitatl imiinas sistémas atbildi veicino$u mikroorganismu celmu
legliSana.

Ar selekcijas metodeém iegitie celmi raksturojami ar relativi stabilu imiinmodulgjoso
savienojumu sintézi, tatu nepiecieSams liels darbs, lai iegiitu adekvatu priekSstatu par
$o savienojumu struktiiru, darbibas mehanismu un pielietosanas perspektivam. Misu
gadijuma no Penicillium iegistamas ADA mmanstimuléjosas iedarbibas mehanisms
izradijas pavisam citads neka sakotn€ji paredzétais. Tas ir saistits ar fermenta

glikoproteina struktiiru, nevis ar ta enzimatisko aktivitati.

Ar gé€nu inZenierijas metodeém tiek klonéti lielakoties cilvéka imiino atbildi reguléjoso
proteinu géni, kuru produktiem ir relativi labl zinams iedarbibas fiziologiskais un
molekularais mehanisms. Saji gadijuma jasaskaras ar problémam, kuras izraisa
rekombinanto celmu nestabilitdte un génu ekspresijas efektivitates reguléSana. Musu
darba tika paradita kompleksa rekombinantd genoma un saimniek$iinas mijiedarbiba,
ka ari DNS topologisko ipatnibu loma klonéto génu saglabaSanas un ekspresijas

procesa.

1. No Latvijas augsnes izdaliti, selekciondti un raksturoti Penicillivun  gints
mikroskopisko sénu celmi, kun uzkrdj glikoproteinu  kompleksu ar
adenilatdezamindzes  enzimatisko  akuviiat  (ADA)  un  plasa  spektra

imiinstimulatora IpaSibam. Izpétita producenta tiziologija, izstraditas ADA



attirianas metodes, paraditas ADA lietoSanas iesp€jas hipoksantina atvasinajumu
iegtiSanai.

. Paradits, ka adenilatdezaminaze ir plaSa iedarbibas spektra imiinmodulators, kas
veicina imiinas atbildes humorala un $iinu komponentu aktivitati. Tas iedarbibas
mehanisms ir saistits ar makrofagu un akutas fazes reakciju stimulé$anu. Preparatu
var efektivi lietot baktériju un virusu infekciju profilaksei. Izmantojot ADA
producgjoso celmu hidrolitisko fermentu kompleksa aktivitati, izstradatas metodes

ar fiziologiski aktivam vielam bagatinatu lopbaribas piedevu iegiiSanai.

. legiitas cilvéka geénu bibliotekas un klonéti imiino atbildi reguléjoso proteinu -
interferonu, interleikina-2 un imunoglobulinu konstantas dalas géni, pétita to
kodgjo3as un reguléjosas dalas struktura.

. Noskaidrots, ka rekombinanto plazmidu replikacijas stabilitati nosaka klonéto
proteinu izraisita metaboliskd slodze, plazmidu molekulu dimerizacija recA”
baktériju celmos, saimniekS$tinu genétiskais fons un plazmidu génu ekspresijas

nesabalansétiba ar bakteriju kultiiras augSanas ciklu.

Klonéto génu struktiras nestabilitati baktériju $tinas izraisa inserciju mutagenéze,
kuras specifiskumu ietekmé replikona topologiskas ipatnibas. Ieguta plasa
replikaciju stabilizgjoSu vektorplazmidu IS-atvasindjumu kolekcija un raksturots
dazadu transpozonu insercijas specifiskums plazmidu genoma. Paradits, ka IS
elementu struktiira atrodamo statiski licko DNS segmentu novietojums plazmidu

genoma ietekmé plazmidu replikacijas stabilizéSanas efektu.

. Izmantojot baktériju rafoperona un adenovirusa E2A géna promoterus,
noskaidrotas DNS regulatoro elementu un proteinu mijiedarbibas likumsakaribas.
ka ari topologisko ipatnibu loma promotera aktivitates reguléSana. Raksturotas
represijas - aktivacijas mijiedarbibas rafA promotera un pardditas §1 promotera

potencialas iespéjas heterologu génu ekspresijas reguléSanai baktériju $inas.
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A (ot 2,5 mo 25,0 wmxl). Iv onﬁensnﬂnn rpadudecKis “eToloM B KO-
OpIMHATaxX deaTHHX peqrds JiziinyBsepe-berxa (I6). DA r3ydyeHna Mexs—
Au3ma (QepMeHTaTIBHOH DCAKUMM HCIONB30BaJM rpaduieckoc aneﬂCﬂ&HHS
gasmcmmoctd /s//v ot /s/ (18) ‘

BanAnke He aleHWIaTIEe3aMEHA3HYD EKTHBHOCTD HETHOHOB B M6
xnoprgos onpenmesasam B 0,1 i kammi-GochaTnom OydHepe pH €,0, neh
c'roue mepweHTa IpY Da3JMYHEX 3HAYEHASX rH - ¢ npruerenstey O, 1 M
GydepHux pacTBODOB: Kemi-docderroro (pH 5,0 - 8,0), UETLETHOrO
(pH 3,0 - 6,5), Tpuc - HC¢ (pH 7,0 - 9,0), Gopersoro (pH 7,5-9,2).

PezyssTaTH # BX oOCyxXIeHBE

JXe B Tpouecce OWUCTKN OHJHM IOJNYYEHH NpelBarHTesbHEE HAHIHE
0 BHCOKDM AOJIEKYJIAPHOM Bece $epMeHTa, T.K. @KTMBEOCTDH oGHE DY HBE~
JE B CayRX UaHRuX QpeKuiAx SIDSTA C KOJOHKH ¢ cefalercoy [-200
(16). YcranOBNEHHHE METOLOM KOJOHOGHOMX XpoMarorpadas C IpUMEHEHHEM

CL - cedaposn 4B woxexysapsuit BCcC okazanca paBHHM 2I0 THC.]
(pnc I), uTo CPEBHIMO C MOJIEKYJLIDHHM BECOM, ONpeNeneHHRM IS ame-
HOBURNIE3AMHAA3H  Aspergillus oryzae = B nenncoouznposanﬂou
cocrognzy - 2I7 mae. g (I5). . . .

" Cy6CcTpaTHYn CHEUMPIIHOCTE 8RBHHHQTH838MHH33H I'DOBE A 1o
OTHOWEHAD K 14 cyGCTpaTaM (Tadn.I)

AneumreTlesemuaasa  P.lenoso-viride rarRe Kax o Aryrie
I3BECTHHE 3NEHO3MH - K aleHANaTIe3aMnyasH rpedos (II,I4) axkTiRHO
Ie3aMUHMDYeT GIEeHHIOBHE HYRKJIEOTHIH N 8INEHO3MH, MeHee aKTHBHO - KX
ﬂBBOKCﬂpEGOBOHpDHBBOHHHe HAL n HAIO®, HO Tarkg&e K&K QUeR03uHnesa-
viHe3a  A.oryzse He Ie3aMMAMDYEeT aUeHMH M NOJHaNEHMIOBYR
xucxory (I4). lesaumurpopaHue afeHO3KHa NPOACXOMUT B 3 pa3a CHC-
Tpee, dUeMm NC3aMUHADOBaHME Ie30XCHaleHO3kHA, KM N4 JNe32MEHADOSE-
Hpa AP cocTeBaLeT ?,4.10’3M (puc.2). IIpH KOHUEHTpaumaX, Lpe€BHTa-
oux I0 meM, HadmarceTcs EHIMOMpOBaHEe E3CLTKOM. cylcTpaTa. Onoe-
ZeneHHaa Havy K DPEMEDHO HA DOPANOF BUmE, UeM § aleHO3RHIEe3oMI-
Ra3 A.oryzee  (I3) H Streptomyces sureofaciers (8),# Ha XB2
LOpANKA BHWE, YeM ¥ Yicrosporum audouipi (II). 3erECiMOCTH

[¢J/ v OT KOHUEHTpaumm cydcTpaTa, NO3BONADUAR pa3eaTs MeXe—
HA3Y, BRJOYaRmUf 00pe30EaHde TPOofHOTO KOMILIEKC&, OT MEXSHH3Ma C
3amemesneM depMesTs B IBYyXCYOCTDPATHHX - IBYXNDOAYETHHX DECKGEAX,
K&K BRIHO 3 PAC.3, MOKET CBENETENBCTBOB2TH B [OJB3Y KORKYPeHT-
HOrO0- XapaxTepa MATMCHPOBARAd X, CJIeIOBATEJBRO, [OMUKAERVS DEaKymn
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CvOcTpaTHas CHEWIOMUHOCTE ANCHILATIE3&MINA3E

P,leroso-viride

Cy6cToeTr LF37VHHA3HAS aKTIIBHOCTS .
| T/ va o E

L 7¢0 I00

LTS ‘ 751 G5

ATO 625 ee

2ICHO3LE 656 €3

Hagk 395 50

mesonc AND 2II il

IeR0HCHATCHOBNE 205 8

FATD I3: Ta

2’ 3'— II1 I

HATIO e 0

A,I[GHHH g C

NOMEEERANOSER RHUCIOTA 0 0

o -0 O

ke C . 0
E 5 a I00% cpunsra EKTKDHDCTL LesayaHanoBannsg ALC

nme3gMKRKMD0BanE AN MEXeHU3y ¢ 8&“"L°I—JIGV‘ GenmeyTa. _ |
AmeRITeTIe38MARA38 P.lanesr viride pe Tpedret nnnoy T

CTBHA JHeNE3yeMHX KofexToros. uTo *"J.JOI_’LTBO OTMEUCHD X V JDYTEX

Te38KIHa3 (2). Momu 14% , 'Ba”, Cc" , & 3 komuenTREUIN 4 il He
BIABT Ha De2aMHMAA3HYN sRTEBEOCT: denuenta, OIMGKDO LAL KOHOE,
0COGEHHO r1* B 2*‘ Zn2+ Fez*'.‘_ OK&3:BaeT MELICHIVINEE
neficrente (Tedn.2). Momi-enTmsaTopy He CGurn Halimer:.

Ha pmc.4 naodpa:xesm S8BICKMOCTE - aXTEBHOCTH 27eRMI&TIeRaM -
HE3H OT XOEUEHTDAUWA . MaCl B DEAKUKOHHOY CMecl, SWIHO, ©I0
OTXJIOHEHNE HOJEDHOCTE OT onthmenerod - 0,04 - 0,I0 M FaCl  Buska

BaeT CHWEEHHe AKTUBHOCTA (depMeHTa.

.
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Tadmmug 2
Biusnpme KETHAOHOE HA &GKTHBHOCTH aﬂEHﬁﬂaTﬂCSEMHEQBH
 P.lenoso-viride .
Karuonu (4mhif) ATGHRACTIE3EMIHA3HAS AXTIBHOCTS
NE/sp B Y * -
- _ 70 . , 100 -
4y : " 780 ‘ 100
Ba®t - 780 100
ca®* 780 100
x* 780 . - I00
rat 741 85
exdt : 710 oer -
rgs* D, B w0
w0 gee &8
mné* 644 o 80
c¥nct s° . 608 ; ’ :78
co?* : o e0R" - g -
SL 481 . s
'Zn2+ . 296 - ‘ ’ . 38;-‘
Cu . 296 .- 38
Pt - - I0T B - I3

LT IDON IPAHATE 8HTHBHD“TB B O IM Kaﬂﬂﬁ—@oC@aTHOﬂ Gyﬁe“e,
rH 6 O. : :

Bce M3BECTHHE NCSEMMHE3H NPOM3BOIHHX aNeHAHE HMEDT OITHAYM
8KTHBHOCTH npH QU3UOJIOTAIECKE HOPMAJBHHX SHoYenuax pH, GJIMBRIX
X HeHTpasbHHM - OCHUHO B rpefesax or 5,0 mo 7,5 (R), 38 HCKJOue~
Avem All® - nmezaMERA5 I'DHOOB pona Aspergillus -y Bmemmnx ONTMMY M
pH oxono 3,4 (II). Qesawnsasa P.lanoso-viride _ . COXPERAET ai~
THBROCTH B EHTepBaJje PH 3-9, a Maxcnuansﬂym GKTHBROCTS . nposanﬁer
mpz pH 6,0 £ 0,3 (prc.5). B - :

PadoTy ¢ amemMTaTHe3aMKHA30H ‘.1anoao-viride-] iodnervaer
e OTHOCHTENBHEA CTAaCAIBHOCTH UPH MOHEXEHROR Temueparype (Tadﬂ.B)
SRauMTeNIsHAs MAARTHBATAN nacTynaer 1j0:§ Bunepxnnannn depuernTa TpH
TeMnepaType 40°C A BHEE. Tenueparjpﬂnﬂ OUTHMY Y Rafannmnqecnoro -
zeftoTnas ¢epneara paser 37° & 3% (pnc 6) 975 Gxnaxo k unwnnanb—
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Pre.5. Bauanue p H Ha aKTHEHOCTD afeHANATIE3aMyHA3K

P,lanoso-viride
Ka.n}rfi—.i)occﬁa'mj’h;ﬁ Oydep

e LWTPaTHHU Oydep

o= Tpuc-ficl oygep
Goparmuft Cydep

ME /v .
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Puc.6. Biumnue Temneparyp MHKYCAGUOHHON CMGCH HA AKTHBHOCTb
ajewnaTeaaunHasy P lanoso-viride |
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HuyM Tewlie) arypaMm IHe3avykHas Jpyrax roudor (12,19).

Tadmwmua 3

TerMOoCTaCWIbHOCTE SNEHIUIaTIe3aMiMHasL
P.lenoso-viride  nopu pH 6,0

TewnepaTyna, DpevA BROEIRI-  ANEHIIATIERaMUHASHES EKTHBHOCTE

%  pomma__ LB/ o =

+ 2 7 mnei 790 _ oo

2 vecaua 727 a2

+18 2 man 727 92

6 ﬂﬂeﬁ I8 2

+40 30 MuH. - 797 92
60 uan. 55 T -

+60 S moH. 24 g

I0 wmun. ) 0 0

3a I00% UpuHATE AKTHRHOCTD CLo3y NOCJHE BHIeAGHUA M OUMCTELL
BrBOJ

Anerunatresaminasa  F.lanoso-viride  (1(3,3.5.4.6) ncaa-

WHAPYVET B VOhBanmel ckopocTd Deawimn 57 - AMD, 5'-ATS) 52-ATD,

ameroave, HAJ, mesoxcH A, mesorcueneHosuH, HAIG u 21 ,3*~uplo.

Ky mns 5'-A2 paBmieTcs 7,4.I0770. losexyaspunil Bec GenvenTta -

210 meic. . Uuri6uTopaMu aKTHBHOCTR ATERIVIATLE34MIHA3H SBIAKTCH

A1t , Te? . . llaEchvosbHes XTUBHOCTS NDOSBJISAET-

cs B ranmi-QocdaTHoM dydepe rpr pH 6,0'i'0,3, TémnepaType 37°C »n

KOAUERTDAUMY  Nacl 0,04 ~ 0,I0 K. QepucHT He TLeSyeT LPACYTCTERA

Inannay exux cdaKTopoB. “ S :

~ B
Cuc+ ’ 'ZI'J2+
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Hykaeasw. Dioacruueckas poas u npakTiueckoe ncnoab3ovanne : CO. pivia. Tp.
i Peaxo.t.: Depavtwes I ., Nypeun H. L. (orB. pea.) n ap.— Kues : Have, zvuka,
1985.— 112 c.

PaccyoTpenbl aKTVaIbple NPodJIeMbl YUCHIS O HVKJICA3aN, X poldb B raieTive-
CKIIX MPONCCCAN., MPAKTHYCCKOE IICNO0.IL30BANNE B MCMNLNIC,  MEKPOOHOIUMHECKOI
NPOMBILIIGHHOCTH I CCILCKOM Xo3siicTse. 113.1araorest pe3v.ibTaTbl SKCNCPHMOHT LT
HLIN 1ICCT€0BaHNii, MOJCKVISPHLIX MEXAHN3MOB JAC/CTBHS BYKICA3, HX B.istie Hl
BIPYCLI HACCKOMDIN, AIBOTHBIX I YC.JOBCKA, H3MEHCHNC IIX aKTHBHOCTH Mpi Kiiiedo-
FCHC3€ ¢ HCNO.1b30BaHueM B anarHoctinre. OTICILHBIC CTaTbLH  [MOCBAUICHL! MITOZ2M
NO.JIVYEHHS HYKICA3, UX Molndusaui, uMyoOILTI3auin 1 BbIICJIEHIIO B YICTOM BIIC

Iag 610.10roB, MeINUNHCKIX padoTHIKOB, TCHCTHKOB, OHOXHMIKOB, Mperliisa-
Te.Jeil H CTVAEHTOB COOTBETCTBYIOWIIX CeuHa IbHOCTe .

Bub.aiorp. B KoHue cTaTeit.

pEJC‘iKH‘.IOHIiaH KOTICrHA
~ e

. 1. beodoiwes, H. E. Nupcus (oTBeTcTBeHHble peiaxrtopw!), //. J. bLariou-:

BeTCTBekabl cekperape). H. E. Rwwepesro, H. b. Tewuscxkae, [0 1. Tz,
A. H. Casuerxo, 4. 4. Cesunog, C. H. Xpanyros, A. . fzyoadiruc

PeueszedTH

B. A. Bapadod, B. 1. Sura

Peiasuia (u3iH0Icriiseckofi, GHOXHMIYECKON i MEHLMHHCKOMN HTCRAT Lo

N
[

i

2001040000-027

T © Haaarteasctso «Havwosa ayuxas. I8
M221(04)-85

294-55

VIR #5770 = 5771502
B. P. HIIRO.TAEBA, II. O. MYILRHIIERC
Jlatnidicxii rocvIapoTReHHlil vilnBepeuTer, Pira
OPOTIIBOCIIYXO.IEBOE II IIMMYHOCTIIMY TIPS TONILEE

TENMCTBILE ATEHILTATIESAMHHASBI
PENICILLIUM LANOSO-VIRIDE

3a noc.aeltice ACCAaTiHIeTHe VCTAHOBJICHO, 4TO AC3AMHUIIA3LI PO~
BOUHLIN dad Mgy VyacTsvior B pery.Tamimt pas.THuHbIX lbiI.SHO.I\.‘!FIi'\IC'
CKIIX mpoueccoB Vv BLICIUHX 0[)['&1[1[13".\IOB — B QO0ecnmeyeHin MLILICUHOTY
CORPIOLUCHIET, E{{?t)H()()ﬁpL}UICHHH, HEHPOTPAHCMUCCHIT, JHAOIHIA H HM-

2t



MVHHOTO OTBeta. [I3menenne vpoBus akTusnocti alenositi-, AM®-,
Add-1e3amiiHa3 XapaKTCPH3YCT NPOUECChl OMVXO.ICBOro pocTa.
[Tokaszado BJANAHIE 3K30MCHHLIX  a1C€HO3IH.1C2aMIia3  KIBOTHOIO
MPOIICXOKISHII Ha HeiipoTpaticymnccitio [1] 1 annoans [2]. Yeranos-
nelo JeyeOHoOe delicTBile BBeICHIISE O0JbHLIM C TH/KC.10il KOMILIEKCIIOol
HMMYHOHCI0CTATOMHOCTLIO IPUTPOLIITOB, COICPARAUIIN a1CHO3NHIC3a-
munasy  [31. Oamako Hami
Taoanwna |, Crumyaauns yedoBeyeckux He ObLIH HAlLTeHb HHKJKIC
AUMPOUHTOB MHTOTEHAMH CBEIeHIS O OlOJOrnyecKoil
AKTHBHOCTII J1e3aMmIilHas, [1po-

Brmove *H-Tu1- n- . . . .
s e, s AVIHPYEMBIX  MIKPOOPraHii3-

Bapitaar ontira BORICTRIL KYILTYD  AjgN\i[l, B TKAHSIN Il KJeTKax
JCliKOUWNTOB B - - ’

BbLICUIHX Opf'ElHIl3.\IOB. I'Ipc-

i e Jbil)'ﬂllle ONLITEI NOKAas3a.li,
iq\)lf{H;fPO-“xb 2‘3;39'«?93% YTO MPOSBJICHIEC aKTHBHOCTI
e '} ‘-‘-:-' ‘r, o 11~ 1c1 =
Ora, agewosy 470441268  @JGHILTIATIe3aMIHA3bI Penicil
®rA. azedosny, ajedInIar- lium lanoso-viride cBg3aHo ¢
1€3aMIHas4s 4138,4=382.5 pasBHTHEeM INPOIVIIEeHTa [4]
q)r%. ajerintariesaMiiHasa 32q19:866,0 _]\'1[)1 ﬂp@JHpIIHF’.TII MOMBLITKH
AzeuynaTIesaniHasa 5430.1 =881.6 BDLISICHHTh, BINSET JdH 3TOT

(bepMeHT It Ha npouecchl pas-
BIITHS KJETOK YeloBeka H
SKCMEePHMCHTAIbHBIX JKHBOTHBIX. B KayecTBe MoleaH 6bl.1H BbIOpaHbI
GaactTpaHchopManis JUM@POUNTOB II POCT KJIETOK aCUHTHBIX OMyXo.1eil.

Martepuan n meroauka. B padoTe 1crnoab30B8alil OUHLIEHHVIO [3]
ajleHiarie3aMHHa3Vv ¢ VvieabHoil akTiBHOCTLIO 20,5 ME Ha | Mr fe.-
ka. [Ipenapar coiepxaa 22 % yr.1eBo10B.

CTHMYISILHIO Y€, I0BeYeCKHX JHMMOUHTOB onpeleasan: 1) mo BK.IiO-
yernw SH-tumupanga (0,2 vaKu/2 - 10° kaerox: 10 mKu/MM) B Kicao-
TOHEepPacTBOPHMYIO (ppakuiio KIeTOk 48—72-uacoBbIX KV.IBTVD .1efiKO-
unToB [6]: 2) no IaHHBIM Meopdo.JIOriueckoro vyera 6.aactrpaHcdop-
MauHg [7].

BausHie aleHliaTiesaMiiHa3bl Ha CHHTE3 HVK.ISHHOBBLIX KIICJOT
onpeieasn in vitro no BraIwoueriio “C-vpaunaa (0.04 MR’y nH-
kyOaunonsoii cmecu: 40 MrRKu/MM) B Kilc.loTOHepacTBopiMYiO dhpax-
L0 KJIETOK aCUUTHBIX alimdoaeiikosos L3173y, L1210, P38&8 i1 kap-
witHoMbl Ip.aixa. OmbiTel in Vivo MPOBOIILTH ¢ caMuaMil  MbilueH
BDF-1 ¢ aumdoaeiikosom L3178Y. Ha 3-ii no 7-ii 1eus moc.ae npiens-
KII aCUNTHBIX KJETOK MbllaM BHVTpHOpOWIHHO BBo1nIi no 50. 100,
200 11 300 ME aneunnaariesaMiniassl Ha | K- aaccsl axiBoTHLIX. O 1eil-
CTBIII (epMeHTa CY1IL1ll MO BpeMeHH JKI3HH Mbllieil ¢ OonyXoaaMH
NO CPaBHEHIHIO ¢ KOHTpo.1eM. B KayecTBe CTaHl1apTa mnpuMeHsTl npe-
napar L-acmaparnuasw (Pixcknit 3aso1 meinpenapatos [1OC AH
/1atBCCP).

dKcnepuMeHTaAbHAs8 YacTb W oGcyXaeHHe. Pesy.ibTaTel. 0doduLell-
Hble B Ta0.1. 1. MoKa3biBaIOT. YTO aleHIliaTiesamiunasa P. lanoso-viri-
de cruMyanpyer auM@OUNTH MPaKTHYCCKI 310poBbiX ao1eil. [Ipn
aobasaennn 30 mkr/wma smutorcia ¢utoremarriotikiina (Pra) sk.1io-

yeHne SH-tuMuanHa B KIeTKH Kpopil nosbilwaetcsa na 32 %, npu jgo-

22



Gasaenni 1.7 ME azeunaaticsavuunasu na I w1 —na 52 %. Brusiine
azerosiia B 0.1 MM wonuentpauun p npheyrersiun QI spasgeTcs
He3naunTe. ILIbIM.

MeT010M MOP(OIOrIHeCKOTO YUeTd PE3YILTATOB ONPCAC LTI ONTI-
MAJIBHYIO 103V adeHIL1aTie3aMINa3nl 1 TOCTHACHIST MARCIMAIBLIOI
6aacTTpancgopyauin disgountos. Nak nowasaro na prc. 1, mpu
poOas1ennn 2,2 ME azeHnaatie3aMinasnpl Ha 1 M KVIbTVYPLlL CTIIMY -

—— 4

umMn /MUK
4900
.I0F
; I/{ 3500F
§ 40 = J. . 1
) .
% - J;_ } Ja00 -
3
@ 20r L
§ 2500
S 10
]
0 : ' — 2000 | [ . ! t
J 4

7 2 v 2 J
Adexunamoesamuhasa, ME/ Mn -Aderunamaesamurasa, ME/

Prc. 1. CTHM_\'CIHL[IIS{ JIIXMCpOHHTOB pa3HbLIMII 103aMIl aleHN JaTie3aMIilda3bl,

Puc. 2. Braiouenne *C-vpauiia B aclUliTHble KJETKH B 3aBHCHMOCTII OT KO-
JiiyecTBa 100aB.IeHHOIT aleHil1aTIe3aMIIHA3b
I — KvabTVpa KIETOK acuuTa 3Ipanxa; £ — KVIbTYpa KJACTOK anM@poaciikosza L3IT8Y,

JIIpOBaHHble 0.TaCTKJIETKH COCTABIAIOT NMPIMEDPHO NOJOBHHY BCeX .THM-
¢ountos. Ilpn noseiuennn 103wl depventa 1o 3,0 ME/va1 sddexr
CTHMV.ISUHH HECKOJbKO CHHXKAaeTCH.

Kak BWIHO n3 puc. 2, aleHILTaTie3aMHHa3a CHHKaeT YPOBEHbL
CIIHTE3a HVK.JIEHHOBBIX KHCJIOT B K.JIGTKAX KapUHHOMBI IDD.1HXA H IM-
do.aeiikoza L3178Y. CymecreedHoe crikeHte Br.1loyenus “C-ypauunaa
IO CPaBHEHHWIO C KOHTPO.JIeM B K.JIETKI aclliTa IpJaHXa HadJ w1aercs
npin 0.5 n 2,0 ME cdepmenrta/ma (npn 0.05), a B kaeTkH anvdo.aed-
koza —npu 0.5 n 1,0 ME/yma1. B asaqtornvyHelx onbiTax ¢ KIeTKaMIl
miMgonidoro .deiikoza L1210 1 aumdountapHoro eiikoza P388 e
ObLTi1 OOHAPYAEeHbl CYLIeCTBeHHbEe OTIHYHA B YPOBHE CHHTE3a HVK.Iel-
HOBBIX KHCJIOT npH po6asaennn 0,1—2,0 ME depmenTa Ha 1 M.

OnwiThl in Vvivo nokaswniBawT (Tabd. 2), 4TO OTHOCHTEJIbHO HEBBI-
cokite J03bl (50 ME/kr) ajeHmiariesaMiHasbl YBEIHUIIBAIOT CPeTHION
NPOI0KITEILHOCTD KU3HH Mbltlell Ha 58,2 Y. uto cocrtas.asier 55,7 %
apderTHBiIOCTII L-acnaparudaser B 1032 100 ME/kr. Bo.ee Buicokite
J03bl  aAeHIl1aT1e3aMHa3bl COKPALla'oT KI3UbL KHBOTHLIX ONBITHOI

23
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TaGaria 2. TpoTuBoonyXoneBoe ACHCTBIIE ANCHHIATIEIAMHHA3LI B OTHOUICHHH
aimdoneiikosa L5178Y

i |
J | ipdesTanpocTh
! Cpcauns npoao.a- | Hpogoaantene- AACHILTAT 0305l
Tosa AHTCILIIOCTD HOCTL ZKI3HIE HAsLl, "y SOk
s, 5 & = ). i i =1l s . ! oo NG
Bapuaur cnuita ME kr 0 ausun swnportaux, | AHBOTHEIN ONBIT- TunnelTi L-acna-
5 CVTKH ] HBIX - rpyan. pari sl
:i = I ".:I K hCHTNOgIQ Lot A e
! | !
' |
; - i i
AJeHIL1aT1e3anI1Ha3a 50 24,2 158.2 ! o8,
100 15,5 101.3 H 1:2
200 13,7 89.5 —
300 * 7.3 47,7 —
L-acnapari:asa 50 29.8 194.8
100 31,3 204,5
200 25.8 168,6
Koutpe.as 15,3

* QauCpaz0noe BpeleHne.

rpynnsl. Ho ojHOpasoBoe BBeleHle aleHllaTle3aMlIHasbl HE BRISHI-
BaeT rudeln HHTAWKTHLIX Mblineili Jaze npu  BBeiennn 1000—
2000 ME/Kr Maccnl A1HBOTHOTO.

o
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LATVIJAS PSR ZINATNU AKADEMIJAS VESTIS
H3BECTIHS AKAAEMHI HAYK JATBHHRCKON CCP
1985, Ne 12 (461), 94—98

HoBoe B 1a6opaTopHAaX yyYeHBIX

YK 575.2:576.851.45.094
H. A . Matwowkosa, II. O. Myfixnuexc

MOPOOJIOIMYECKOE BbIPAXKEHHE TMVIABMHUIHOIO MAPKEPA
TETPAUHRJIMHYCTOHMYHBOCTIH

Perkom6iHaHTHple .1a3MILABI, COAEprKallile ONepoH TeTPaullK.IHHVCTOll-
yupocTit (Tc-omepor)}, WIIPOKO HCNO.Ib3VIOTCA B paboTax no reusoil nu-
JKeHepIl B KayecTBe BEKTODHLIX MOJEKY.I.

Bue1peHiie uyxepo1HOro reHeTHYeckOro Marepiaia B Tc-onepoH npi-
BOILT K HApVUIEHIIO €ro CTPYKTYPHOIT LeJOCTHOCTH H (YHKUIIOHAIbHON aK-
THBHOCTI. B pesvibTare K.JIeTKI, colepialliie Takie BiLI10H3MCHCHHbIL
N1a3MIAbl, TCPSIOT MapKep TETPAUHK.INHYCTOHYHBOCTH.

B reneTnuycckHX 1 rexHo-NHHAeHEPHBX pafoTax Terpaunk.aiu (Tc)-uyser-
BHTe.IbHbie KIETKH 113 obwell Nony.  aull nIasMirlocogep:kawinx Gaxrepiil
J0 CHX MOP BLISBJIAMICH MyTeM aHa.l#3a K.JIOHOB HA cpelax ¢ COOTBeTCT-
BYIOLLIMI aHTHOHOTHKAMIL

.15 noBuwerHs 3)PEKTHBHOCTH K.JIOHIPOBAHIIA NMPe1I0XKeHO HEeCKO.IbKO
cnocoboB oforauiedis nony.Jasuni TC-4VBCTBHTEIbHbIMI KJICTKaMmi. B
vitro MOAHO TpPeIOTBPATHTL peUnpry.JIauino Bexkroproil JIHK, odpa-
GathiBasi ce ¢ocdorasoli nepea .aurupoBaHieMm J[1]. O6paboTka UIK.JO-
cepriHoM (100 MKr/m.1) cMewaHHOH nonvaauun OakTepiil, BblpaliliBaeMoll
Ha cpele ¢ OaKTepHOCTaTHYeCKHMI KOHUEHTPAUHAMH TeTpaUlK.JiiHa, NpH-
BOINT K NpENMyLlecTBEHHONH rubeln e alUlHXCH, YCTOHYHBBIX K.JIETOK .[2,
3]. O.a oboraweHnns nony.aswin TcS-K1eTKaMil BO3MOKHO HCHO.IL30BAHIIC
NOBBIWLCHHOM UVBCTBHTEIBHOCTH TC-yCTOHYNBBIX K.IETOK K ¢ycapieBoil Kic-
dote [4] n dary 2 [5], a Takie NOBBIEHHOI YCToiluNBOCTH K KalMino [6].

O6utiry HeIOCTATKOM 3THX METOI0B SAB.JIAETCH OTCYTCTBHE BO3MOIKHOC-
Teft TOyHOIl oueHkH Tc¢-4yVBCTBHTEIbHBIX KJIETOK B monyJsuitr Gaktepilt 1o
00paboTKI CEJeKTHDYIOLWIIMI aredTaMil, Tak Kak OHH 4acCTHYHO BO3IEHCT-
BYIOT H Ha Hele.aslluiiecd KJeTKH. Ec.H ¢ TakKolt HeTOYHOCTBIO MOMKHO CMII-
PUTbCA B TEHHO-IHXKEHEePHOM 3KCMepiMeHTe, TO OHa COBEpIIeHHO HEeIOoMvCe-
TuMa Tpi n3vuedin cradinisHOCcTH Tc-onepoHa B cocTaBe pa3.TIUYHbLIX 1.133-
MILL.
AHajornuHas 3alavya ObicTporo obHapvikeHns aMouumtiud (Ap)-uvs-
CTRUTE.IbHBLIX KJIOHOB cpelil Ap-pe3HCTEeHTHBIX pelleHa ¢ MOMOWbLI0 NPOC-
THIN (7 S{{t/ KO.JJOPHMETDHYECKHX TeCTOB aKTIBHOCTII (epmeHTa B-1axra-
M23bl, KOoTopblil ofecneuinsaer pacuien.aenye autnbuotuka [8, 9].

B octose amexaHnsma yctoiidnsocTil 6akTepiil K TETPAUHK.IHHY JCKHT
He MOINMIKALIS CTPYKTYPLL aHTHONOTHKE, @ CJOXKHBIT npouecc H3MeHCHIA
ero TPAHCMOPTA uepe3 KIeTouHyro mem6pany [10]. Tc-omepon miassicl
pMB9 1 cepnnt pBR koanupver cuHTtes oanoro 6e.ka, KOTOpblii BCTPanBa-
ercst B K.aetouyHyio memOpany ([11]. ITpamue Groxmsiuucckie MeTOAW Bbl-
ABICHIS aKTHBHOCT!H 3TOrO 6C.1KA B JITEPATYPE He OMHCalibi.

Lleas uactosiweil paboThl — BLIACHHTb, He HHTErPHPYIOTCH T MOJICKV-
JApHbLIe H3MEHCHIS cocTasa memBpay u mepectpoiikit 8 meradoansyme Te-
VCTOIUHBBLIX KJICTOK B KAKOM-1i116Ydb .1€rKO JCTCKTHPYCMOM MOPDOIOTITC-
CROM IIPHBIAKE 00Pa3VEeMBIX [IMIT KOOI
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[Toayuenupie Pe3yaLTaTil HOKA3LIBAIOT, HTO TCTPALIKJINIYCTONMIBOCTE
KJICTOK, onpeacasieMas pexsombunantiuiMn naasmiiami cepun pBR, mop-
$OIOrHUECK TPORBASCTCH YyBEIHUSHICM CBCTOMPOHIIILACMOCTH KOJIOHMI pa3-
JIYHbIX Wwrammos E. coli.

B pa6ote ucnosb3oBaan caeayiouine wrammul E. coli K-12: HBIOI
(rec A): RRI- rec At npoussoasoe HBI0I; HB129 (rec A7), noayuenubie
n3 koasaekunn wrammos . M. Jleaep6epr (PRC, CUIA) u IC5183 (rec
BC sbe A) — u3 koagaexunit wrammos HMuctutyta opraniieckoro cuiiresa
AH JlarsCCP. TMaasmnawr cepii pBR : pBR313 11 pBR322, necyute map-
repe ycrofiunBoctn K Te i1 Ap (TcRApR), pBR325, wecywas aponoani-
TeabHBll Mapkep ycToiiynBocT K Xaopamdeunkoay (ApRTcCmR), moay-
yewot o1 3. M. Jlemep6epr. pBR313-6 (pBR313::1S1), npoussoanas
pBR313, notepsBwias mapkep ycToliunBocti K Tc B pesy.abTaTe BCTpalBa-
Hug [S-1 3aemeHTa B NPOMOTOPHY!O 006.acTb TeTPaLIIKIIIHOBOTO OMNEpPOoHa,
6bl.1a moavueHa B Hauwel Jaabopartopnn. Ilnasmuisl Obl.1n BBeleHbl B 0ak-

TepliaIbHbie KJIeTKI myTem TpaHcdopmatn [12].

Cy6R.10HOBVIO KY.bTypy OakTepnii Bbipauinsa.’i B XILIKoii cpele LB
(13), colep:kaiueii AJ8 NaasMiAHbIX LITAMMOB 20 MKI/M.I TeTpaullKIIHE
(«Curma»), Ha nabopatopHom BeTpaxmsarese (240 o6/mun) npn 37°C.
B cepeaunc aorapudmiveckoli ¢asel pocta OGakTepiadbHY0 KVIbTYPY B
COOTBeTCTBYIOUIINIX pa3BedeHNAX, 114 MOJVYEHN OTAEIbHLIX KOJOHINT, BbI-
cesaqn Ha arapusoBaHHble cpeibl LB, M9 [i3] u nurateawusiit arap Ia-
recratickoro HIMI nnrareasssix cpea (ITA). ITocae 24—35-uacoeore pocra
rpn 37°C cpaBHuBagace MopdoJOTH KOJAOHI M1a3MIiIHLIX 11 fecnia3Mil-
Y WTaMMOB B OOKOBOM OCBeLIEHII, I1icnoub3va ocBerntedr OC-19, n
B npoxolsluieM cpeTe Ha npnbope AIs cueta KoJoHiil 6akTepii (nosepx-
HOCTb arapa ¢ Ko.JoHusmil 6aktepnii 6bi1a obpallicHa K Hab.1:01aTe.110).

[Tpn 6oxoBOoM oOCBeLIeHIIl, KOTOPOe IHOrla DPCKOMEHAVeTCHs IJIf 13y-
yexns Mopdoaoriin KoJoHuit [14]. Ham He y1aloch BBISBITH MOPGO.IOTH-
YeCKIIX Pa3.THUHIl MeXAKIy KJIOHAaMil MIasMILIHBIX I OecmTa3MILIHbIX LUTaM-

MOB.

[Tpi 13y4YeHIIH KJIOHOB B MpoxoisileM cBeTe Obl.10 0OHapyKeHo, UTO Ha
cpeae LB miasmuanbie K.JoHel Gaktepiii 6o.ee CBeTOMPOHHUAEMbl If Bbl-
risisat ceer.ee, yeMm Oecrmaaswiinsie. Ha puc. 1 nsobpaxena xapakrtep-
Han KapTiHa pasjnyitil cBeTONPOHNUAEMOCTH MIa3MILIHLIX 11 6ecr.ia3mil-
HbIX KOJOHIIT Ha arapnsoBaHHoii LB npn ncnoassoBauiit B KayecTse npi-

mepa wrammoB RR1 u RR1-pBR313.

Puc. 1. CseTonpoHHLAEMOCTs KJIOHOB
wrammos  RRI # RR-1-pBR313.
[Itasmypl BBPALULIBAINCE HA OTIEIBHBIX
vawkax [Tetpn wa LB-arape Tomutnnoli
1,5 mm. Jas vio6erea cpaBiHenng mno-
J0BHHA IHCKA Cpeinl C  KOJOHHAMI
wramMma RR! (a) 1 nonoBHHA — ¢ KO-
JoHusmu wramyma RRI-p-BR313  (6)
novewens #Ha oany udawky [lertpm.
®otorpadus cierana na naenxe ¢Mik-
pat 300» uepe3 opualmeBbll GILALTH.
MacwraGnas  AunMAa  cooTBETCTBYCT
l em .
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Ha cpeaax M9 i ITA taknx pasanynili B CBETONPOHHILAEMOCTI MAa3MILA-
HBIX, TC-PE’BI]CTEHTHOCTI} 3KCNpecCcHpyolix, o becnnasMIiIHbLIX KJIOHOB Bbl-
aBIITb He yihaJaock. [lpu passesenun cpeisl LB dusnoaoriueckum pact-
Bopom B cooTHoweHnax 3:1, 1:1 1 1:3 BBIpa)KeHHOCTb MOP(O.IOrNYECKIIX
pasanynii Mex1y MIa3MHAHBIMII 1 OecnaasMIIHbIMII KJIOHAMH CHIlAAJ1ach.

Hanboapwne pasanyng B CBETONPOHIILAGMOCTII HAa0Jd10Aa1Ch NOC.TE Bbl-
pauwiBannsg KJaoHos Ha ToHKoMm (1,5—2,0 MM) caoe arapusoBahHON cpeasb
LB, noacywensom B TeyeHme 30 mun npu 42°C nepea BbiceBoM Oakrepi-
aJpHOIl CycIeH3nH. YBeaHueHIe CBeTONMpOHHLaeMocTH OBLJIO OTMEYEHO Y
K.OHOB BCeX II3yY4eHHbIX wWITaMMoB E£. coli, coiepxkaullix MIa3Midbl ¢
(VHRIIIOHAJBHO aKTHBHbIM TC-OMEepPOHOM.

Kaoubl wramma RRI-pBR313-6, coxepkaitne niiasmuay ¢ nHakKTHBHPO-
BanHbIM Tc-omepoHOM, He OTaANYaJ JHCh OT 0ecnaasMIIHBIX KJIOHOB lTamMMa
RR1. Taknm ofpasom, npusHak yBeJllueHHONl CBeTONpoOHHUaeMOCTH KO.J0-
HiIif He MpPOCTO CBA3aH ¢ HaJuyneM MnJaasMul B GaKTepHa.IbHBIX K.JeTKax,
a obvcaosaed 3kcnpeccneii nx Tc-onepoHa. He lckai04eHo, 4TO H3MEHeHHA
CTPYKTYPBl KOJOHHH V MI13a3MHAHBIX TC-yCTOHYNBBIX KJOHOB B KOHEYHOM
cyeTe OTpaxkarT Te MOIH(pHKALIH, KOTOPbIe MNPON30LLIH B KJTOYHOH MeM-
6paHe MpH BCTPOHKe B Hee cneuHgHyeckHX OeakoB, Koaupvembix Tc-one-
poHoM. [IpuMeHItMOCTb METOZa H3MEHEHHO[I CBeTONPOHHIAeMOCTH 1718 00-
Hapy»eHis Tc-YVBCTBHTEILHOCTII KJIETOK B MJIa3MHIHON monyJ s 6bl.1a
npoBepeHa B OMbITAX KO.1IYECTBEHHOI XapaKTepHCTHKH npouecca 3J1IMH-
Hail M1a3Mil B CeJIeKTHBHBIX VCa0BHAX [7]. Cy6KIOHHPOBaHHBIE B JKILI-
KOi* cpele ¢ TeTPalHK.IIIHOM MJ1a3MiAHble KIOHbl Pa3JiMYHbIX WTAaMMOB Bbl-
ceBa.lliChb B onpeleneHHblX pa3seleHisx Ha LB-arape 6e3 aHTHOIOTHKOB.
BoasuitHeTBo BBIpOCWINX KOJOHNUIT ObL10 MPO3paYHLIMII B NPOXOIALLEM CBETE,
O1Hako Hapsay C HIIMII Jerko 0OHapyKHBA/JIOCh HEKOTOPOE YHCJ0 TeMHbIX
KJOHOB., KO.1HYECTBO KOTOPHIX BAPbHPOBAJIO B 3aBHCHMOCTIH OT 113yyaemoro
uiTasmsa O6akTepHil 1 maasmiael (puc. 2).

Ber1o npoanaansinposano no medbiueii mepe 200 npo3pauHbix K.JIOHOB
KaAI1oro i3 I.aasMiiHbIX WTaMMOB H IIOKa3aHo, UYUTO BCe OHH HMEIOT
ApRTeR denotun. Pe3yvaipTaTsl aHa.lll3a HEMPO3PauHLIX K.IOHOB MpPeICTaB-
aensl B Tal1. 1.

B Go.asuinncrne Cc.1yvyaeB IO.,1d BCEX IICC.I€T0BaAHHBIX LWWITAMMOB HENPO-
apaubble KoJoHI cocTonT 113 ApSTc® K.IeTok. B nexoTopuix c.1vuasax Hernpo-
3padHbie KoJoHNINI MNpH poc.aelviowem HX alid.1H3e Ha CeJeKTHBHBIX cpeidax
nokaspisa. it ApRTel® denotun. Mosno 1peanoaoxknTs, 4To noc.lelHile co-
ACpmRaTn rectabiblible HHCEPUIUI, IHARTIBIIPVIULIE TC-OHCPOH i NpPHBO-
afwie K naMenennio mopdoaorii koaoiuil nozo6uHo maassiie pBR313-6.

B pesvasTaTte cerperaiuiii nuccpuMil 1pH NocJgelyiouleM nepecese BOCCTa-
nasansadcs ¢enotnn Te-veroitunsocti. Haaiune taxix 6uicTpo cerperi-
PYIOULIX nicepinit B coctase maasmna cepiit pBR 6ulao nokaszaiio Hamu

HOOPH H3YUCHII HX CTAGHIBHOCTII B HCCEICKTHBHLIX yenoniusx [13].
96
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KOJIOHHUHA PA3JIHYHbIX MJAASMHOHBIX IITAMMOB

TaGantua |
"AHANUM3 AHTUBUHOTHKOYCTORUHWBOCTH HEMPO3PAUHBIX

KoanyecTBo KOAOHHHA

Maasunma HTamy
Beero I ApRTcR ApSTcS

RRI 55 4 51
pBR313 RRI’ 5 3 2
HB129 12 2 10
RRI” 3 1 2
pBR322 1C5183 6 0 6
RRI’ 28 11 17
pBR325 HB129 8 e 4
HB101 17 0 17

B HeKOTOpBIX CJAyYasfiX pa3Mep TeMHbIX KJOHOB Obl1 MeHblle pasvmepa
npospauynsix (puc. 2). CaenosartennHo, yTpata 3KCIpecCHH Mapkepa TeTpa-
LHKJMHYCTOHYHBOCTH He B 00s3aTeJbHOM IMOpSAKE 1aeT NPeHMYLIeCTBa B
CKOPOCTH pOCTa KJETOK, H OAMH JIHUWDb CPABHUTEIbHBI pa3zvmep KO.I0HiI
B c.yyae naasmHa cepun pBR He Moxer ObiTh HCNO.1b30BaH B KayecTse
mMopdo.oruyeckoro KpHTepHs 3KCIPeCCHH MapKepa aHTu#GHOTHKOVCTOMY:-
BOCTH.

YTparta nia3Mil OTAEIbHbIMH K.JIeTKaMmH npil 06pa3oBaHilil K.IOHOB lia
MI0THOI cpele NMPHBOAHT K MOPQOJOTHYECKHM H3MEHEH:HAM BHYTPH X0.10-
Huii. Ha cpeane LB Hapsily ¢ npo3payHbIMH H HENPO3PAaUHbLIMIU KO.JIOHIAMII
OblH BbISIBJIEHB CEKTOpHBIe KOJOHHH, @ IOCJIC XPaHeHHsa ualleK B TeueHire
3—5 cvrok npu 20°C BTOpHYHbIE KO.JIOHUH — «Gopoiasxi». PesvisTatsi
aHa.aH3a aHTHOIOTHKOYCTOIYHBOCTH K.IETOK, B3ATHIX OaKTepPHO.IOTHYECKO!!
HrAOH 113 Pa3JH4YHbIX PaliOHOB TaKHX KOJOHHI, MpiBeleknl B Tad.1. 2.

B Henpo3pauHbiX TeMHBIX CeKTOpax H «B60POIaBKAX» MOMAKHO OTMTiTb
3HauyHTe.IbHOe oforauleHHe KOJIOHHH Tc-4yBCTBIITEIbHBIM!I KJIETKaMil. 4TO.
OYEBHIHO, I fAABJIAETCH NPIYHHOI BO3HUKHOBEHII XapaKTePHbIN MOpPdo.i0rii-
YEeCKHX CTPYKTYp H OTpaxaeTr npouecc 3 JIHMHHAUHH MIa3MHI H3 KJIETOX
notoMctBa OGakTepii, MEPBOHAYAIBHO colepmalleii 3TV 3KCTPaXpoMOCo-
maasivio JTHK.

B HayuHoil auTepaType omicanbl HEKOTOPble HAaOTI0IeH 1A BINAHIA M7a3-
MIIIHOrO reHoma Ha Mopdgo.ornio GakTepnaabHblX KoJgokull. Tar, vrpata
nJjasMilel ¢ MoJa. BecoM 2 Md nNpHBOAHT K H3MEHEHHIO CBCTOMPOiliLlce-
MOCTIl OT (pO3pauHoil K ABIMUYATOIl Vv KOJIOHIIT maToresHoro wramma Muyco-
bacterium intracellulare 16. O1HOBpeMEHHO TePAELTCH BUPV.ICHTHOCTL if V-
TOfINHBOCTL WTaMMa K ue’IoMy paly aHTubioTtikos. [lpeimoaaraercs. uto
N.1a3MILAHbIT FTeHOM KOIHPOBA.T KarOoli-TO MeMOpaHHblil 010K, VUACTBY KL
B 00PA30BAKIII AHTHTEHHBIX JAETEPMHHAHT H Perv.HpVIOULl MTPOHIILALMOCT,
kaetok. Heaasuo B AprentHhHe BblIeTILTH HCKTIOUNTEIbHO AKTHBHO Dic-
tyutnit wrasms E. coli RC424 ¢ npupoanoil R-naasmi1oil. o6ve.108.1:5::
utert vetofiunsocTs KaeTok K 900 MKr/Ma TerpaunkanHa [ 7). i

-

3TOil MIa3MiLIel npuBOINT K 10-KpaTHOMY yBOINMCHINIO PRIMCPOB KICTOW.

Tadauwa 2

I‘!3‘\"[EI[_I[(". AHTHUBIHOTITROVCTOMWIBOCTIT KTETOR.
COLEPRAULINCS B CERTOPAN 1 BTOPIHYIIDIN KOTOIHTSN
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4-KpaTHOMY yBeAMUEHHIO AMAMETPa KOJOHHII M K H3MEHEHHIO uX Mopdono-
rud OT raaakoit K wepoxopaTtol. JlaHHble 0. XapaKTepHbIX H3MEHEHHsSX
mopgoaorui 6aKkTepHabHEIX KOJOHHH B pe3y/ibTaTe 3KCNPECCHH 3YKapHOTH-
4yecKoro reia, Kogupymourero meM6paHHo-cBa3anHbi 6ea0K, noayuctsl B Hi-
cTuTyTe opranuyeckoro cunresa AH JlarsCCP [18].

Hawn faHHble BrepBble BBIFABJAAKT TECHYI B3aHMOCBA3b MeKAYy (yHK-
LMOHAJbHOH aKTHBHOCTbIO Tc-omepoHa DeKOMOHHAHTHBIX IJIa3MHJ CepHH
pBR 1 Mopdoaoruyeckoit XapakTePHCTHKOH CBETONPOHHIAEMOCTH KOJIOHHI
psaaa wrammoB E. coli na arapu3osanunoii cpeae LB. D1oT serko gerekri-
pyeMblil NPH3HAK KOJIOHMH MOZKeT OBITh HCNOJIb30BaH I.14:

1) yuera GecrmasMHAHBIX KJETOK B MOMYJSUHH MIa3MHIHOr0 WITAMMA;

2) BblAe/JEHHS KJIOHOB, HEeCYyUlHX DPeKOMOHHAHTHbIEe MJIa3MHIbl C HHaK-

THBHPOBaHHLIM TcC-OmepoHoM;
3) H3yyeHHsI NOMYJSUHOHHBIX H3MEHEHHH B MNJa3MiAHBIX KJIOHAX Ha

IIOTHOH cpefe.
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Immunopotentiating and Anti-tumour Activity of the Mould Glycoprotein A.
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A. A  Kemradze, H. A Mauvrina, A K. Ferdats

SOUHRN: V praci jsou uvedeny visledky stucdia nékterven viastnost! novéno
mikrobidiniho biostimulatoru — glykoprecteinu A. izolovaného z Penicillium sp.
8D (GPA). Bylo zjisténo, ze jak nativni. tak i tepelné denaiursvanid forma GPA
maii stimulaéni Géinek na mitotickou aktivitu lymfocvtl lidské periferni krve. Po
podani GPA se o 200—240°, stirmmuluje tvorba myiich splenocytl: tvoricich proti-
latky proti beranim eryirocytium, Protinadorovi alktivita prepardtu GPA je de-
monstrovina in vitro na bunkach Ehrliciiova ascitického lvmfosarkomu a na bun-
kach L 3178y. in vivo na rozvoji fibrosarkomu MX-17 a lymfoleukémii L 3178y,
Toxicita preparatu GPA nebyla prol:dzédna. J= diskutovan pravdénodobnv mecha-
nizmus jeho puasobeni.
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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 mito-
genic activity of human peripheral blood lymphocytes. 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.

Sborn. lék., 88, 1986, No. 4—3, p. 139—145

Author's address: M. Z., Ustav biofyziky a nuklearni mediciny FVL KU,
120 00 Praha 2, Salmovska 3

Nahodilé pokusy o vyuziti imunoterapeutickych metod pri 1ééeni zhoub-
nych novotvart se objevuji uz zacatkem tohoto stoleti. aviak systematické
studium v této oblasti se datuje od 40.—50. let (10). V soucasnosti se preparaty
mikrobidlniho puvodu pouzivaji hlavné jako adjuvans v aktivni nespecifické
stimulaéni imunoterapii. Nejroziifenéjsim a neimohutnéjsim nespecifickym
imunostimulatorem pouzZivanym v lékarske praxi je BCG (6. 7). Na kiinikach
v SSSR se kromé BCG pouzivaji jako imunostimulatory také preparaiv pyro-
genal. prodigosan. salmasan (z celych bunék mikroorganismu) a zyricsan
(z bunéénych stén kvasinek) (2, 9). Obecné se prirodni imunostimulatory mi-
krobialniho puvodu vyznacuji sloZitcu chemickou a antigenni strukturou. kiera
uréuje polyvalentnost jejich plsobeni na rlzné faze imunitni odpovedi orga-
nismu. Muze vyvolavat kaskadni jevy. autoimunitni reakce. i reakel hyper-
citlivosti. stejné tak mutze byt i pri¢inou imunopatologie. Tvto nedosiaiky do
znaéné miry ztézuji rozsahlé zavedeni a cilené pouzitl prirodrnich imunosiimu-
latortt v klinické praxi. Ve zprave veédecké skupiny WHO o imunologickich
adjuvans se fermou doporueni prc budouci vyvzkumy upozorauje na 0. Ze
misto komplexnich struktur by bylo mnohem vhodnéjsi pouziti frogmeniu
mikrobidlnich antigenti. poskvtujicich spolehlivéjsi ziaruky bezpecnosz:ii a cile-
ného pouziti (7).

V této praci jsou uvedeny vysiedky studia imunostimulacni a predinddo-
rové aktivity noveé fyvziologicky akrivni latky — glvkoproteinu A mikrosko-
pické plisné kmene Penicillium. Imunomodulaéni vlastnosti precisténven pre-
parati glykoproteinu A byly studovany in viiro v reakcich blastick? rans-
formace a stimulace tvorby bunek produkujicich protilitky ve slezine in vitro
(podle N. K. Jerneho). Protinddorova aktivita preparatu byvla zjigténs na me-
delech Ehrlichova ascitu. lymfatické leukémie L 5178y a fibrosarkomu MX-17.
indukovaném metylcholantrenem. rovnéz no bazl adheze slezinnver vunck
s bunkami nadorovymi.

MATERIAL A METODIKA

V' mikroskopicke plisni Penicillium sp. 6D v pozdnim siadiu bunaedne
ciace se tvoli glykoprotein A, predstavujier 17y celRoveho mnolsivi evioph
ke Dilkoviny., GPA je bilkovina vospustnid ve vode, jevi hvdrolazovou
v onativie konformact oktameru ma motekutovou hmotuost pridis
V' opokusech byly poulity puritikovane preparaty GP2A (93", heomogenity
tvziologickeho rozioku nebo 063 MO RK-fosiaioveho

ne 220 Kilod,

centracich 0.50—0.8 ma ml
pll 6.3, Prepariat obsahoval 227, sacharidu.
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'Stimulace lymfocytii v krvi darett byla stanovovana morfologicky na zakladé
blastické transformace v kratkodobych, 24—T72hodinovych kulturdch leukocytl
v Eaglové mediu obsahujiciho 20 %, autologniho séra a antibiotika (4). Poéet bunék,
tvoficich protilatky — hemolyziny (BTP) ve sleziné mySich samca linie BALB'c
byl stanovovdn metodou podle N, K. Jerneho a A. Nordina, modifikovanou L. Fon-
talinem (11), spoéivajici v lokalni hemolytické reakci v agarovém gelu. V téchto

pokusech byla pouzZita zvirfata 16—20 dnu stara.
Pribéh rozvoje naddoru byl hodnocen na zakladé stfedni doby preZivani mysi.

Pokusy in vivo s fibrosarkomem MX-17, indukovanym metylcholantrenem. byly
provadény. na mysich samicich linie BALB'c starych 10—12 tydni. Nadorovy rist
byl indukovan aplikaci suspenze, obsahujici 1000 bunék fibrosarkomu, do svalu
zadnich konéetin. Rozvoj nadoru byl posuzovédn podle nartstu jeho prumeéru (8).

Vliv podani GPA na vytvoreni cytotoxického potencidlu lymfocytid byl sledo-
van pomoci adheze nadorovych bunék MX-17 a slezinnych bunék mysi BALB c,
imunizovanych studovanym preparatem, které vSak nebyly nositeli nadorl. Slezinné
i nadorové bunky byly suspendovdny v mediu RPMI-1640 o koncentraci 20000 bu-
nék/ml. Suspenze byly slity v poméru 1 :1, inkuboviany 30 min. pfi 30°C. Po cen-
trifugaci byly bunky resuspenzovany v 0,0 ml media. Adheze bunék byla vyhodno-
covana v komurkach Gorjajeva a vyjadiena v °, adherovanych bunék z celkového
poctu.
Zkou3ky na akutni toxicitu preparatu byly provadény ip. aplikaci vysokich
davek GPA mys3im BALB c.

VY¥SLEDKY

Vysledky sledovani mitogenni aktivity GPA v kratkodobych lymfocyiar-
nich kulturach byly ziskdny ve 3—35 pokusnych sériich se vzorky v tripiiké-
tech a jsou uvedeny v tabulce 1. Interval spolehlivosti odchyvlky prameéru byl
vyhodnocovan standardni metodou statistického zpracovani dat.

Pridani 10—60 ug/ml GPA k inkubaéni smési kratkodobgch kultur leuko-
cyth stimuluje tvorbu blastl lymfocyth u zdravych darci. Optimalni davka pro
dosazeni maximalni blastické transformace vlivem GPA je v rozsahu koncen-
traci 40—50 ug'ml. Pri zvyseni davky GPA na 60 ug ml stimulaéni uéinek kle-
sa. Aktivita preparatu jako mitogenniho agens je podminéna spise jeho struk-
turou nez hydrolytickou aktivitou. Svédéi o tom zvvseni uéinnos:i blasticke
transformace v pritomnosti GPA (20 ug ml) zahiatého na 80 °C po dobu 20 min
na rozdil od jeho nativni formy. Po 48 hodindch inkubace s nativnim GPA bylo
nalezeno 125", velkych lymfocytii proti 160, s tepelné denaturovanym GPA.
Takové zpracovani uplné inaktivuje hydrolytickou aktivitu prepardaiu GPA.

Tab. 1. Vliv nativniho prepardtu GPA na blastickon reansformact lvmfoevru
Koncenerace GPA v inkubacni Doba inkubaee Pocer velkveh lvmtoevrn

smesi {hod? {", z kontrolyv) -
(wz ml)

0 4% 1o

n 24 120 - 4

10 y 12 - 3

20 24 1t -

20 48 123 - 5

20 i 1% = 3

20 = 42 s

5] 4 4% 6

i) i [25 - 3




Tab. 2. Stimulace tvorby BTP ve sleziné mysi aéinkem preparitu GPA

Davka GPA Doba aplikace (dny pied Obsah BTP
uglkg nebo po injekei antigenu 2. z kontroly)
0 — 100
1,0 -2 195 — 13
1,0 =1 107 =12
1.0 0 199 — 10
1,0 =1 230 — 20
1,0 =2 27 =13
2.0 —2 209 — 16
2.0 -1 120 = 11
10.0 = 143 — 47
10,0 =3 g7 — 22
10,0 —1 119 = 9

Silnéjsi denaturace GPA pri 96 °C béhem 3 min vede az ke ztra:é jehc mito-
gennich vlastnosti. Soucasné viak porudeni struktury sacharidové Casii mole--
kuly oxidaci jecdistanem (16) neméni podstatné aktivitu preparatu pfl blastic-
kotransformaéni reakei (lidaje nejsou uvedeny). Pouzité davky GP: v poku-
sech s blastickou transformaci nevvvolavaly hemoaglutinaci eryirceriu krve
darcu.

Pokusy se stimulac! tvorby BTP v my3i sleziné jsou uvedeny v iabuice 2
a charakterizuji adjuvantni vlastnosti GPA.

Stanoveni BTP se provadélo 4.—5. den po aplikaci antigenu — beranich
erytrocytli a charakterizuje produkci IgM karyvocyty sleziny myii. Z nasich
pokust vyplyva, Ze preparaty GPA se vyznaduji vyraznym adjuvaninim uéin-
kem v Sirokém rozmezi davek — od 1,0 do 10.0 mg-'kg. Tento ucinek se oroje-
vuje. jestlize se GPA aplikuje v urcité dobé — 2—3 dny pred nebo jeden den
po imunizaci beranimi erytrocyvty. Pri soucasné aplikaci antigenu a GFA ne-

-

bo pri aplikaci GPA jeden den pred imunizaci nebyla pozorovana vvInamna

stimulace aktivity tvorby BTP. Stimulace aktivity BTP neni provézens sizni-
fikantné zvysenym celkovym poctem karvocyti ve slezine.
Tab. 3. Prorinddorovy aémek GPA na lvmfatickou lukémii L3173x
Diavka preparitu Doba 2y e cvias
Varianta pokusu myr Nehema aplilae nokusnyeh i
(¥, veltledem e

GPA 1.0 -3 =7 I35 = 1

20 S5 [nt e

4.1 = P ) =

6. Wl = = -

.o e a0 ad
L-csparsiniza NS 4. =a 195 'L

AL 18 [ 1o i~

INonrreolia

s dan dloba Fvera st

Pro kadden polkusmon vormnin byl powdioy dvs sheeanns o=t syt
poeseehovam wdoen o hontmeh <kapomgs baelos 1300 die, Setpenne b cuwe preepa e
Ansmend, 2eoaviinti dosiasals preoacan Lo eietr o sy des oo peechoy

2, peepasrat bvh e bieoy aae txvden pvinsd e dvas dinee peone oo nondorn,
Lt
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Vysledky in vivo experimentt s lymfatickou leukémii L5178y a prepara-
tem GPA jsou uvedeny v tabulce 3.

Terapeuticky uéinek GPA vzhledem k rozvoji lymfatické leukémie L 5178y
se projevoval pouze pii nizkych davkach preparatu — 1 mg'kg. Zndma enzy-
moterapeuticka latka — bakteridlni enzym. imunosupresor L-asparaginaza
v priblizné stejné ddvce vyvolava témér dvojnasobné prodlouZeni doby Zivota
mysi pokusné skupiny. ZvySeni davky enzymu nema daldi vliv na prodlouzeni
Zivota mysi s lymfatickou leukémii L 5178y. Ve srovnani s tim podani 4—6
mg/kg GPA dokonce urychlovalo rust nadoru, ac¢koliv samotny preparat je
netoxicky i pri daleko vysSich davkach (viz ddle). Soucasné viak profylaktickée
podani 1 mg'kg GPA pred transplantaci nddoru vyvoldava prodlouzeni prezi-
vani pokusnych zvifat na vice nez 3009, ve srovnani s kontrclou.

Jako model solidniho nadoru pro studium pusobeni GPA jsme zvclili
metylcholantrenem indukovany fibrosarkom MZX-17, ktery se vyznaduje rezis-
tentnosti vii¢i chemoterapeutickym latkam a malou imunogennosti (13). Proti-
nadorovy uc¢inek GPA na fibrosarkom MX-17 se projevuje pouze v pokusech
s vicenasobnym podanim preparatu ored a po transplantaci nédoru. podotné
jako u vakciny proti nestovicim. Po profylaktickém podani GPA pred inoxu-
laci nadoru lze pozorovat pokles procenta uchycen! nadoru. Aplikace GPA
mnohem uéinnéji omezuje rust fibrosarkomu MZX-17. nez vakeina proti nesto-
vicim podle analogického schematu (12) viz tabulka <.

Pro sledovani primarni etapy interakce slezinnvch bunéx — lvimivev:a
s nadorovymi burnikami, byl pouZit test adheze, ktery se dcporucuje pro hecoae-
ceni aktivity prirozenych killertt. Vysledky experimentu j:ou uvedenv v tabul-
ce 3. Nejvyraznéjsi ucéinek na stimulaci adheze bunék fibrosarxoniu JIX-17
se slezinnymi my$imi bunkami (BALB c¢) méa imunizace prepardatem GPA.

Dokonce po imunizaci homolognimi anitigeny — nadorovymi bunkami v raném
stadiu nebo v pozdnim stadiu rustu je tento UcCinek slab3i. podobaé jako
u kontrolnich nespecifickych imunostimuldatorit — viru vake:inv vroii nes:e-

vicim a enteroviru ECHO-T7.

Na rozdil od vétSiny imunostimulitori mikrobidlniho stvedu bvl GFA
ziskdn z nepatogenniho kmene plisné Penicillium sp. 8D. Nizkou toxicitu ma
i samotny preparat GPA. V nasich experimentech na zvifaiech isme nepozora-
vali vznik anafylaktick¥ch reakeci a hypercitlivosti wvuc¢i tornuto prerarasi.
Intralumbalni podani GPA krysim mladatim druhy den po narozeni v dives

Tab. 4. Protinddorovy aéinek GPA pa Hbrosarkom MX.T7T

Varmnta Davka Seliema Uvhveeni Seiedin prumer madees
polkus=u prepasiiu aphkace radora (9) SO0 don rusru ()
ubA I myr e — 58,200 [0 o | i
1 myr ke - 2,00, 20 [ 17~ Ll
I e ke — 30, 2 o
2,200 00 iyl 2 1.0
Virus nestov, s —1os P —~ 30, M, | Lini <0 i
Vit iy 0o — s ¢'pb — 30, 20, in
i 1 20 L A "o
Expermment b peosadon me tfeely <kupmaci pedesetn mevie o kadte polasme v
Vi sehenatecn aphihaee preparata jeavedene. el cian pived Ve e () trmsai
tadorn bl preepaest capidhovaan, Pied reaasebi e Tac GV arnasan oo e o nands e
VDY - evioparozenn e
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Tab. 5. Adheze bundk fibrosarkomu MX-17 a mysich slezinnych bunck

Adheze bunck (%)) -

Pokusna varianta Déavky
imunizace 28. den 35. den

PO tmunizaci po imunizaci
Kontrola Fyz. roztok 12,8 — 1.0 13.0 == 1.5
Nédor v pozdnim stadiu 103 bunék 17,6 = 1,4 158.0 — 0.8
Nédor v raném stadiu 10? bunek 18,0 =~ 1.2 183 — 2,1
GPA 1 mg/kg 23,0 = 1,7 225 = 1.0
Virus nestov. vakeiny 105— 105 CPD 16,0 = 1,1 17,0 = 0,9
Virus ECHO-7 10°—10% CPD 17,3 = 1.6 16.0 — 0.7

Rané stadium rastu nadoru (pramér nadoru 0.5—1,0 em).

Pozdni stadium rustu néadoru (pramér nddoru > 2,0 em). )

Pouzité virové preparaty byly ziskdny v lahoratofi viroterapie nadort Mikrobivlugickéno nsti-
tutu A. Kirchenstejna AV Litevské SSR.

CPD — cytopatogenni davka.

15 mg kg nevyvolalo zadné pozorovatelné odchylky v jejich vivoji béhem tri-
meésiéniho pozorovani. Ani pfi i.p. aplikaci GPA mysim linie BALB ¢ v davce
100 mg kg, coz je o dva rady vyssi neZ je optimalni profylakticka davka. ne-
byly pozorovany zadné vnéjsi projevy intoxikace.

ROZPRAVA

Vvsledky, uvedené v této praci. ukazuji. ze glvkoprotein A. uUcéastnici se
‘procesu bunééné diferenciace v plisni Penicillium sp. 8D. muze pusobit jako
imunostimuldtor i protinadorovy preparat. Protinddorovy uc¢inek GPA je nej-
vyraznéjsi pri profylaktické aplikaci. coz ukazuje na imunologicky podminé-
nou povahu pozorovaného jevu. Mitogenni aktivita GPA nesouvisi s jeho
hydrolytickou aktivitou. ale spise se sirukturou jeho bilkovinné ¢&dsti.

Podle spektra a uéinnosti plisobeni je GPA podoben ruznym jinym imuno-
stimuldtorim mikrobidlnitho pivodu. Napt. GPA vyvolanda stimulace lymfo-
cvtl periferni krve je srovnatelna s pusobenim bakterialnich lipopolvsacharida
(1). ale stimulace BTP naopak — se zymosanem a BCG (3). Soucasné vsak
GPA indukuje jak humordlni. tak i bunéc¢nou slozku imuniini odpovedi. Lze
predpokladat. Ze primarni pusobeni GPA se nachazi v nejéasnéjsi etape regu-
lace rozvétvenych cest imunitni odpovédi. napl. na urovni stimulace svntezv
interleukinu-1. Predbézné vvsledky. ziskane v nasdi laboratori. rovneéz ukazuji.
ze aplikace GPA neovliviiuje vvznamne koncentraci IgG v krevnim séru
experimentalnich zvirat. ale indukuje kvalitativni zmeny elekiroforetického
obrazu rozdéleni sérovych bilkovin — objevuji se doplakove zonv v oblasti
migrace haptoglobulinu a nebo alfa makroglobulint.

Uvedené vlastnosti ukazuji na pribuznost mechanismu imunosiimaiacntho
ucinku GPA s uc¢inkem polysacharidu lentinanu. jehoz aktivita je rovne? pod-
minéna indukel syntézy interleukinu-1 (14). Byl vesloven ndazor., e imuno-
stimulacni ucinek zvmosanu je take zalozen na indukel interleukinu-1 (3).

Piednosti GPA jako imunostimuldtoru ve srovnani se :namymi analogy
jsou patrné z nasledujiciho:

a) prepardt je homogenni a rozpustny ve vodc. da se snadno detinovar o stan-
dardizovat tvuikalné-chemickymi a biochemickvmi metodami.
b) preparat je stabilni v rozpustene i lvolilizovane forme,
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¢) GPA je produkovan nepatogennim mikroorganizmem v dostateéném mnoz-

3

10.

11.

13.

14

15.

stvi a nevyvolavd u zvirat toxické reakce, ani nezadouci vedlejSi reakce
imunologického charakteru.
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VLIV PLISNOVEHO GLYKOPROTEINU"A}--’-

NA RUST NADORU A PREZIVANI MYSI.
- KMENE C3H SE SYNGENNIM e
METYLCHOLANTRENOVYM NADOREM

Bassunie meenesoro rankonpoTenna A na poeT onyXodH N BLEKIBANNS Mbilieii pona CBH
C CHr (.‘IIIIOII MCTIH. l\O'IﬂHTpCllﬂllﬂll 01IYX0.1bI10

Influence of the Fungal Glycoprotein A on the Growth of Tumours and Surwval
of Mice Strain C3H with a8 Syngenic Methylcholanthrene Tumour

M. Zak F. Novdk, I. O. Muisnieks, V. R. Nikolajeva, A. A. Kamamdze
H. A. Maurina, A. K. Ferdats, J. Jirkovsky

SOUHRN: V préci jsou uvedeny vysledky studia protinddorovych vlastnosti mi-
krobidlniho preparatu, glykoproteinu A, izolovaného z plisné Penicillium sp. 8 D

(GPA). Elektroforetickd pohyblivost byla stanovena v kontinualnim gradlent.u poly-

akrylamidového gelu.
Bylo vyzkou$eno sedm ruznych kombinac{ imunomodulaéni davky GPA. Sledo-

valo se preZivdni zvifat po nddorové transplantaci a rust transplantovaného sohd-
nfho syngenniho metylcholantrenového nadoru u inbrednfch my3i C3H. 3
Z4dné ze schémat poddn{ GPA vyznamné neovlivnilo dobu preZivan{ zvf:“at

s transplantovanymi mnadory. Jednorizové podédni testovaného preparitu ovlivnilo

rust transplantovanych nddort pouze nepatrné a nevvznamné. Pri opakovaném po-‘ -

dén{ GPA po nddorové transplantaci byla situace v ristu nddoru’ priznivéjsi. Nej-
piiznivéjsiho efektu na rist nddoru bylo dosazeno po kombinovaném podani pled

- nddorovou transplantac{ a po opakovaném podéani po ni.

Adresa autora: M. 2., Ustav biofyziky a nukleirni mediciny FVL UI{,'.. R

Salmovska 3, CS 12000 Praha 2

BLIBOALI: B paGoTe npuncfei PesyanTaTa Hayqciiis NPOTHBOONYXOICBHX CBOHCTD * = iy

MIKPOOHALIIOrO IpenapaTa, KANKONPOTCHHA A, NIOMNPOBAHHOrO N3 laecHebwXx rpufron

Penicillium sp. 8 D (GPA). dackTpodopeTitieckast noAnmwKIIOCTS, OMPeICAAIACD B ucnpcpun- g

LOM TPAJUICHTO MOJIMAKPHAAMIJILOM FeJe. :
Duyio nposepeno coMbL Pa3dMMHLMX COMUTAIII ll\m)nu\mﬂ\ aupylomeit go3m GPA.
Duno Hceaeonano DM JQIKUNOTHIMX Hocae oty XUCROI nepecani (Tp.l![CI[.'thTall,HH)

i POCT  TPAHCILIANTHPOWMIMON  IWIOTHOMN  (COMANOI)  cunrennoil  MOTILAXOJIAUTPCHOBOIL .

onyxomt y unlOpe;ux suameit C311

[Tir oqua 113 exest puejwemor GPA SuasuiTea bHo ne nomisIa 1 cpoR BLERIBATIN JKIBOT-
HWX € TPAUCHAAUTHPORMIHLIMIL OnyXoasnsit, O:0,10310¢ BRCACHIC TCCTHPOBANIIOTO Bpela-
paTa BANSAO MA POCT TPRAUCIAANTHPOBAUULX OHYXOACT TOLILKD HOMIIOTO 1t 1e DL PABHTOAb-
no. Hpi nowrtopnos nnejeming GPA wocsie onyxonenoil Tpanciciantaitn OLLIO HOJ0NKCH0
n pocte onyxoain Gonee Onaroupustyoc. CaMuii GuaroupusTuii QJ;.tJlIJC[iT oa pocT ONyxXoau
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Appec antopa: M. Z., Ustav biolyziky a nukledrni mediciny,
Salmovska 3, CS 120 00 Praha 2

Rint's SUMMARY The authors present the results of an investigation of the anti-
,f'f:-mmour ‘propenties of a microbial preparation, glycoprotein A isolated from fungus
;;Pmlcﬂ.lium sp. 8 D (GPA). The electrophoretic mobility was assessed in a conti-
.1 nua.l polyacrylamide gel gradient.

- Seven different combinations of immunomodulation GPA doses were tested,
rThe survival of animals after tumour transplantation and the growth of the trans-
'planfted solid syngenic methylcholanthrene tumour in inbred mice strain C3IH was
invesngated

"None of the patierns of GPA administration influenced in a significant way the
_.survwal period of the animals with transplanted tumours. A single dose of the
‘tested preparation had only a slight and insignificant effect on the transplanted
. tumours. After repeated GPA administration following tumour transplantation the
; position of tumour growth was more favourable. The most favourable effect on
“tumour growth was achieved after combined administration before tumour trans-
-plantation and repeated administration after transplantation.

: @3
- Sborn. 1ék., 90, 1988, No. 8—9, p. 252—259

Author’s address: M. Z., Ustav biofyziky a nukledrn{ mediciny FVL UK.

Salmovskd 3, CS 12000 Praha 2
0V profylaxi a terapii zhoubnych nédori se provéiuje fada metabolickych

~produkti mikrobidlniho ptuvodu, které plsobi jako imunomoduldtory. Nejvice

- byly pouZivany celé bunky, jak je to ku prikladu u BCG vakciny. Tyto
-prepardaty maji velmi sloZitou antigenni strukturu, kterd vedle nespecificke
“imunostimulace muze vSak byt pri¢inou nezddoucich vedlejsich reakei.

Obr 1 GPA — elektroforeogram na kontinudlnim gradientu polyakrylamidového
i . gelu.

Proto dals{ sméry v imunoterapii vedou od pouzivini komplexnich bakte-
ridlnich a plisfiovych prepariti k chemicky definovanym selektivnejiim pre-
paratim. Jsou to napriklad interferon, levamisol, isoprinosin. azimexon (4).

Jednim z dalSich imunostimuldtoru je.i glykoprotein A izolovany = plisné
kmene Penicillium sp. 8D (GPA). Neékteré charakteristiky tohoto purifikova-
ného mikrobidlniho preparatu, jako stimulace mitotické aktivity lymfocyta
lidské krve, stimulace mysich splenocytt a daldi vlastnosti byly pfedmctem
nasi pfedchozi publikace (12).

|
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‘V této préci jsou sledovény zévislosti razngch schémat podéni sl;e,mé ddv-
—ky* GPA na tpf‘eiivéni a rust syngenn!ch nddort u inbrednich my§i kme;ne
= ot B

METODIKA

K pokusum bylo pouiifbo 1n'brednich my3fch samci kmene C3H o hmcrl:no ;_
asl 20 g a pribliZné stejného sta¥{. Zvifata byla krmena peletovanou dietouDOS
ZB zdvodu Velaz a napédjena vodou ad libitum, Pfed pokusem bylla dva ty‘dny-

. aklbmatlzovéna a chovédna v umélohmcrlmj'ch chovnych nddobdch. .~

1
i Pl 'GPA padin  pied Yirnamaes!
Judunu Iunplulul Drmel.  [viti nelétend -
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Graf‘ 1. Pomér pieifvajicich zvifat s niadory po podén[ GPA pred né.domvou
" transplantacf,
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K néadorové transplantaci byl pou%it syngenn{ metylcholantrenovy nador. P(- .7~
vodné byl indukovédn na my${ch kmene C3H tfikrat opakovanym podinim 3-metyl-
cholantrenu SERVA v dédvece 0,5 mg v 0,1 ml fyziologického roztoku do hlubokych
stehennich svali zadn{ konletiny v tydennich intervalech. Nidor byl tfikrat pfe-
pasdaZovén, po vypreparovan{ homogenizovidn a po pfididn{ dimetylsulfoxydu v po-
méru 1:9 byla tato suspenze zatavena do sklen&nych ampull, zmrazena a uchorvﬁvﬁna ;
v tekutém dusiku. e,

- Pted vlastnim pokusem byla suspenze rozmrazena a injikovdna inbrednim my-
ifm kmene C3H, do hlubokych svall femorilnfch obou zadnich konletin. Vznlklé
nidory byly vypreparovdny, homogenizovidny a byla vy3etfena bunétnost spole¢né& - 3
s indexem vitality. Bunédnost se stanovovala obdobné jako podet leukocytd v Biir- . #
kerové komurce a pro stanoven{ indexu vitality byl homogendit obarven trypanovou o
mod#i.

Pokusnym zvifatim byly poddny suspenze nddorovych bunék o upravené bunéd- =
nosti 10° v 0,02 ml fyziologického roztoku do hlubokych stehennich svalu levé zad.n( T

konéetiny.

K ovlivnén{ rdstu transplantovanych nddori byl pouZit glykoprotein A extrahq-
vany a purilikovany z pudnfho mikroorganizimmu Penicillium sp. 8D (12) v davce
600 ug na 1 kg 2ivé hmotnostl zvifat. Prepardt byl charakterizovdn pamoc{ elektro- .
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forézy v polyakrylamidovém gelu na pfistrojl podle Ogity a Markerta (8). Elektro-:
foréza probihala 60 minut pfi napét{ 200 V a proudu 20—30 mA v kontinudlnim’
gradientu 4—14% o pH 8,5.' Z elektroforeogramu na obrazku 1 je patrné, Ze jde
o vysckomolekuldrn{ latku, kterd dastedné disociuje na podjednotky. s

5

Rust nadoru byl sledovdn na osmi skupinidch po deseti zvifatech s '1a.sIeduJ£cicrnJ 41
schématem pokusu. “ é
1. skupina — kontroln{, které byly pouze pfetramsplantoviny néaomvé bunky Jako 7:»;
viem nésledujfcim skupinam 1

2. skupina — glykoprotein A byl podidn 5 dn{ pfed nddorovou transplantaci .'.'J::'-k
3. skupina — glykoprotein A byl poddn 10 dn{ pred nédorovou transplantac{ ' 5
4. skupina — glykoprotein A byl poddvdn opakované 1, 2, 3. a 4. den po middo- ¥
vé transplantaci Bt

5. skupina — glykoprotein A byl podin 7 dnu po nadorové transplantaci "-_'g,'f_"_ej
6. skupina — glykoprotein A byl poddn 7 a 14 dni po nddorové transplantaci - - &
7. skupina — glykoprotein A byl podin kombinovand a to 5 dnu pfed a 1., 2, 3. %
4. den po nadorové transplantaci w;_.—;;_‘“

8. skupina — glykoprotein A byl podin kombinované a to 10 dna pfed a 1, 20y T B

., _4}

4, den po nédorové transplantaci.

o F

Velikost nddort byla mérena cirkumferometrem, jako rozdﬂy maximalnich pru-

méra zadnfch konéetin s transplantovanym mnidorem a druhych konéetin bez mi- :j'g%
doru. Cirkumferometr byl navrien a vyroben Vyzkumnym ustavem pro farmakologii '-_-.-3;3
a biochemii (5 a 11). Velikost nddoru byla méfena 15 a 23 dni po nidorové trans- -«
plantaci. CTAE

Rozdily ve velikosti nddoru byly statisticky hodnoceny podle Snedecorova testu 'fi
viéi kontrolnim neoviivnénym zvitatum (9). Statistické vypocty byly provadsény na _‘.‘,‘_-:,-‘:i
poditadt PDP 19/34 A firmy DEC USA podle programui sestavenych pro udely této ~ »

pr'ice Pétiprocentn{ vyznammost byla stanovena za hranici statistické signifikance .
n na grafech byla omacovdna hvéaditkou. o
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Vysledky 'v pi‘e’dvén( jsou uvedany jako pomér pi‘eifvajiclch k v?chozlmu pol-tu 'f@
zvifat od doby nédorové fh'ansp]antace Statlstické hodnocenf{ bylo 'testovéno v celém w
prib&hu pod.le Gehana {2).5 =¥ _ 1 - 41

_VYSLEDKY

Vj'sledky v pi’-eiivéni zvifat s transplantovanjlml nédory a po podéni GPAQEEE
jsou uvedeny na grafech 1, 2 a 3. Zvirata zaéinaji hynout 20 dnii po- ‘né&dorove L ;
transplantaci .a prezivajf 35 aZz 43 dni, aZ na nepatrné rozdfly, které. viak ‘:f
nejsou statisticky vyznamné. D4 se konstatovat, Ze GPA neovhvﬂu;e pre'vaén!

Pl

l
l.

n-.-«

zvifat po nadorové transplantaci. \
_ Na grafech 4, 5 a 6 jsou zndzornény pruméry zadnich konéetin s trans ¥
plantovanym né&dorem (velikosti nddoru) a po podani GPA v uvedenych caso-"
vych intervalech od doby nédorové transplantace. £
Z grafu 4 je patrny vzestup hodnot po nddorové transplantaci. U zvff'at~
ovlivnénych GPA jsou sice hodnoty ni23i, ale statisticky nevyznamne. = @}
Na grafu 5 jsou uvedeny vysledky po opakovaném podéni GPA. Nejvy-.-;_.:.,
razndj&i ovlivnéni byle dosa%eno po opakované aplikaci preparitu 1, 2, 3.a 4. ¢
dny po néadorové transplantaci (tj. u skupiny zvirat 4), kdy jsou maximélnf T
priméry zadnich kon&etin s nddorem 15 dni po transplantaci o 18%; mensi, <
nez prumeéry kontrol. Jedté 23 dnf po nddorové transplantaci pfetrvdval pfiz-- =
nivy efekt podaného GPA a hodnoty byly.v priméru o 17 % nizsi ‘oproti =,
kontroldm. Tyto rozdily jsou statisticky vyznamné. U skupin pokusnych zvi--.i_"_“i
rat 5 a 6 lze pozorovat urdity efekt, ale statisticky nevyznamny. :
Na grafu 6 jsou uvedeny sledované hodnoty po kombinovaném podém'.__.'__‘f-"i
GPA pied nadorovou transplantacf a po ni (skupiny zvifat 7 a 8). Podobng,
jako v pripadé samotného opakovaného podéni po transplantaci (skupina. zvi- :ir
fat 4), byly priméry konéetin s nddorem 15 dni po nddorové inokulaci o 20 % -
mensf pfi obou kombinacich aplikace preparatu. Rozdily jsou statisticky. vy
znamné. Efekt pietrvaval ‘'az do 23. dne, kdy byly vySetfované hodnoty o 15 % :
mensi oproti kontroldm. Hodnoty byly statisticky vyznamné u skupiny ovliv- .
néné 5 dni pred nddorovou transplantaci a 1, 2, 3 az 4" dny po ni. U skupiny
zvifat rovnéz s kombinovanym podéanim, ale misto 5 dni pfedem bylo pouZito -’ &
10 dni, bylo zaznamenéno rovnéZ sniZeni sledovanych hodnot, ale v intervalu .=
sledovan{ 23 dnu po nadorové transplantaci byly hodnoty statisticky nevy-. .&
znamné z divodu vE&td smérodatné odchylky. RO

A\&\%"- TS An T Sy

RPE L TR

ROZPRAVA , ' 8
~ Testovany glykoprotein A byl izolovén z plisné Penicillium sp. 8 D v pozd-
nim stadiu bun&iné diferenciace, -kdy tvorf az 1%, celkového mnoZstvi cyto- -
plazmatické bilkoviny. GPA m& konformaci oktameru s molekulovou hmot- *:
nostf asi 220 kilodaltont. Obsahuje 229, sacharidd a m& hydrolizovou akti-. '
vitu. Mitogenni udinky GPA v3ak nejsou vazdny na pritomnost hydroldzové
aktivity, jak bylo dokézdno s tepelné denaturovanym preparatem (12).

b‘;_‘.‘l’ .'_.3

Protinddorovy uédinek byl sledovdn na pfreZivani zvirat s nddory a na rist ,;
nédoru, ktery byl pribéiné sledovan, takZe kazdé zvife bylo samo sobé& kon- R
trolou (1, 3). ]

Z vysledkl preZivani zvirat s metylcholantrenem indukovanym m.i.dorem -8
je zfejmé, 2e GPA ani v jednom schématu z uspoiadaného pokusu neovlivnil

statisticky vyznamné jeho prib&h. Naproti tomu pfi kombinovaném podénf - .*
GPA my3im v ddvce 1 mg na kg 2ivé hmotnosti zvifat 7 dnu pred inokulaci i
lymfatické leukémie L5178 y a dva.dny po, signifikantné prodlouzilo dobu .
prezivanf zvifat (12). Rozdil v uéinnosti je patrné dan typem zkoumaného '
nddoru, kmenem zvifat a ddvkovdn{m.
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;‘;, :~transplantac1 Tento nélez plné potvrzu;e v:,’rsledky pi‘edchozi citované prace

O

‘*r'}*‘Z této prace je také zreJmé 2e vedle urdeni optimélni imunomodulaéni
n e ‘évky zkoumaneho preparétu je neméné& duleZité zvolit i optimalni schéma
i podénf (10)
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KIOHMPOBAHIE 1 HYKAEOTHIHAS TIOCAETOBATEIBHOCTD
5-OJAHKHPYIOMEN OBJIACTU TEHA
NHTEPJEAKWHA-2 YEJOBEKA

Anresuy 2. K., Marapenxosa I'. H., Ponanuuwosa H.B.*.
Myitinenuere H.O., Qunanuc A.I0.*, I'pen 3. .*

Jarsutickuil zocydapcréennvii yrugepcurer uy. II. Cryuxu, Puza;

* Hnetutyr opeanuveckozo cunresa Axademuur nayx JareCCP, Puea

KaoHODOBaH XPOMOCOMHBIH reH WHTepJelKmHA-2 9€10BeKa # YCTaHOBIeHAa HVKIEOTUI-

gad IoclenoBaTeIbEOCTE I -PbaaEkupynomeii ofaacta (oT —1940 mo —936). Ooﬁapy,heun
HeCKOJbKO YIacTKOB, AMEIOMIX 3HATHTEILHYI0 TOMOIOIHK ¢ APOMOTOPHOI 041acThi 3TA-

ro rega.

['yyopaipEas PeryIAmia MMMYHHEOI CHCTeMBI BapAIV ¢ HIIPRYINDYIOUIT-
MH aHTHTEIAMII OCYIIeCTBIAETCA ¢ HOMOIIBIO PACTBOPIIMBIN MEIIIATOPOB M k-
TeTOYHOro B3alUMOgeilcTBIIA — JIMG@OKIIEOB, TPYIIEl BeMIECTB 0eIK0BoIl rmpi-
poaBl ¢ IOIPOKIM CHOeRTPoM Omoorirdeckoil axtuBrOCTIL IlHTepreiixiisE-2
(daxrrop pocra T-amMdounToB) ABIALTCA KAHTEBHM IOMOOKIIHOM. YIACT3Yi0-
[HM B PEery.IANNI BBICOKOKOHCEPBATHBHBIX mpoieccop IndpepennnpoBrir It
npoamndepannn T-rIeTor.

Hexamo Obi1n kaIommposassl w/IHKR [1.
taTepelikmEa-2 geosera u3 oud.amorern JgamMdonnrapuoil JHR B gt WES

I
[3]. m3 wrocymxmoil Gudamorern mngonurapuaoii JHR yetozoy royegoria-
HOil peroMOmEammu in vivo [4]. m3 dundamoreru miameetapaoil THR 3 ses-
tope Xapoma 2A [5]. OmpeieleEa moIHag HYKISOTHIHAsS UOCIeIOBATE.Th-
HOCTb TeHA. B TOM 9IIC.Ie M0C.IeI0BATEIBHOCTD O - II 3 -(RIAHRIPYIOMIIN pafio-

XPOMOCOMEDLIe KOOI Iesd

HOB rera [3. 6].
[[3yqenire CTPYKTYPHI KIOHIPOBAHHOTO XPOMOCOMHOIO TeHA [HTePIeiln't-

Ha-2 MO03BOJILTO JTOKAIIB30BATH OCHOBHBIE (DVHRIIIOAATLHO BA;RUBIE AI0MeHTh
NPOMOTOPA. TEePMITHATOPA. IHXAHCEPHVIO MOCTETOBATEILHOCTDL I NIV T
meii rinepaveersnre bubil K IHRasze I paiftor [7—9]. a rawiwe Aon [- n
Alu T-nosTopst B owelb oTIATEHNBIX 5 - 11 3’ -@ragrupyviomnx onzacrax [ (0]

Pervagropusie 00.TaCTi DVRAPHOTIIECKIIX TEHOB MOTYT PACIArarbesi il
ZHATNTETBHOM PACCTOAHINI OT TOTRI ITHITLIIALUILT TPAUCKPINITIIIL, Tax UTo 1ii-
BECTHAA MOCTI0BATEIBHOCTE MOKeT OKA3ATBCA HEIOCTATOTIO PelpesedTaril
HOIl 1718 nnmurn BLUTBTOHILT BOZMOKHIBIX PerVIATOPULIN 00 TacTell reda -
tepaeitknua-2. Hootoyy 113 GIdImoTerr redos MeIosera. HogaV ool 3 sek-
rope Napott LA, Mbl UIBRTORTI KTOH. ososuadenbil N4 A-TLTA2 i eoeprwamni
MOANLIT ren nurepaeilriua-2 ¢ 5 -haausupy ouine daitouoy. CpasunTe kil
QITATHS p(‘l'TpI[l\'[l”I‘IIHbIX RAPT UOSRVTHOT CJUVTATEH Shisoall, o rell llli‘:'t‘ﬂ.:.'lll'
wrona-2 opoaone NGA-TLTA2 um‘m‘ HATOOILUIee CXOICTHY ¢ '
Rina-20 onneamsing Bopacorax (30 7] NWapra S -duausupyionero paiiona
exoin ¢dranuec kol saproeit. onyoarkosaoi e ¢ coasr. [ 1070 o to-
ny st pesosonuantusix garos cerepereana o wneay XNoel-caiitos: spos
Toro, orevtersyver Bam i -cadie (pre. DY Jan Sooee toponiiorn gapriap -

COMONM HTe e

ot apparsentss D =haaisEpyonero. paitona cVORTOHIPOBLIT B UM
ae plen

B nameit padore BpaseiiTest HoBbie CEUITLe O epeiineit crpyviry e
Sabaannnpyienern paitoma rena nnrepaeiisn- 2 aeaoseri, Boodaaern e
WU PPRICKPEIIUIT T CPABIETHUO ¢ Hoee o BUECTLTOC Thin, o1y G o0
ol i panere [6 manam oanapyise i gerasin vy ot oo e
Aosrenn b oI wpoawe rovos s padione or = LAR2 = o0 =000 nadae o

e Test enge Y OHGNCTIOIE T b U TN BT 1 0 (i LML
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E - EcoRl
_H - HindIII
X = Xbal
B ~ Bglll
Ba - BamHI

C - Clal

Prc. 1. PecTpOKONOHEEIE KapTH KIOHHDOBAHHBIX XDOMOCOMHEBIX IeHOB HHETepIefKOHEA-2
gesnosera: 1 — XoaGpyk c coast. [6]; 2— Hammus=o ¢ coasr. [10], 3 — Jagmaa padora, 4 —
Dymwara ¢ coasT. (3] i JmEIMeEiiep ¢ coasT. [4]

-1940 TTCCATTCTG GAAGGGTAAA GGCCTGAGTE ATGATGCTGG GATTAGACAC
-1890 TGAAACTCTT TAGAGAAGCA AAACAAGTAT AATAAAGCTG TACTTTATTA
-1840 TATTAAATAA ATAACACACA GACTACCAAA TAGCCTGCCC CTTATAACAG
-1790 CGTTAATGTG ATTTTGATCT GAAATGTATA GAGACATTTT GCATTTTTTC
-1740 GGTATAAAAA GTTCATGAGA TTTGGCCCTA ATCTGGACCT TTTCTTCATT
-1690 TTTTTTTCTA CTTGAGGGAC TATAATCTTT ATTTTTAAAT TTGTTTTATA -
-1640 TTCTCCGAAC ATTACCTAAC GCATAGAAAA CTCTTCTTGA ACCATTTTTC

-1590 TCTGTTCTTT GTAAAATATT ACATTTGACT GTTCCTTAGA CTGCTTTAAT
-1540 CATTCCTGCC TATGCACCCT CCTCAAAATC CAGTTTAAAT TAATTGTTCC
-1490 TTATTCAAGA TTCCTTATAT CCACCTCCCT TGGGGCAGCA ATCACCTATC
-18440 ACCCAGGACT ACACTTGTGT ATGTACATAT CTTCCCTATT ACAAATCAGG
-1390 TTCTTTGAAA AAATACAAAT GGTAAGAGAG TGGATTTTTG GAGTCAGTAC
-1340 ATTCTCTTTT CAAATCCTTC TTCTGCCCCT TACTGGCAAT AAGGGCTGAG
-1290 TGACCTAGAG CAAATTACTT AACTTCTCTG AGCCTCAGTT TTCTAATCTG
-1240 CAAAATAGGA GCCATCACTT CACAAGTCTG TAAGACTTAT ATTAGACTAA
-1190 GTGCCTGCCT GTACACTGTT CTCTTTTCTC TCTTTCTATA TACCTGAAGG
-1140 CATTATAGGT GCTAGATGTC TGTTTAAAGA CCAGACAATA TTGTCTTAAA
-1090 AAAACAAACA AAAACACAGA CAATACCATC TTTAAAAAAA AAAARAAGTC
-1040 CAGGTAAGAA ATAAATAAGG CCATAGAATG GAAGCTTTAC AAGEACTCTC

-990 TGTGAGACAG GATCTCCTCA AGTGTCCCCA GGTTAAATTA GAAGTATATA

-940 TCCGT
TOtL HHTeIRI-

Pue. 2. HyEIeoTuanas nocieloBatelpliocTs 5 -uansipyoneil ofiacTi 1
KIoEa-2

Ha puc. 2 tawke npuseIena CTPYRTYPa patee  Helspecthiorn  pailona
o -daankupyomeit oogaetic (ot — D0 g0 ~ 1303 rena o STS nviaeo-
Ticos. OCloBHOI 3Qqell MaWiiioro MELHERL aToro. paiton (bt RO
IR BOBMOGEULIN PeUNTHTOPUHLIN O0ACTeI TRHL ITHTeP e a2, 6 e rioeti
CTPVRTYP. OTBETCTBCULBIN 30 POrN DI TPALCKPIULIUUL HPOMATOPL L08) . Tep-
irratopa(on) i duxatcepa.

Qo 13 rrasumy xeyentos repuauaropes PHE-peanywepass: T = cnon-

o BRPLRCHTRUE BTopirtise erpyrrypa. Hpin auacse tuseprupesaiim no-
RTOPOL OLKT DOHEAPVIRCHD HeCROTBEO VHACTROE, CHOCOO LN 00306 LIeh
NOULIEMRBIE CTPYRTYPBLE ot — 868 o — I8 (AC=—=[1.T it moian).
apr — 1323 g0 =293 (AG=—123 mwn meaw), gp —08 o0 — il (M=
== LY wrac yoan) ooor =170 o =13 (AC=1001 mna mean) . Sesnoisio,

B GETOROe Py REI0O. repanuan PHI noauaepaan,
B i pyeson Gov e qoBare b ioe T s oaiapyedo
viaerson ST mcwonuny secnyvas npaaceniy o rododorno ¢ np Mo TopLie

Hi'v o bt

= 1363
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[ aserd 00 HTHEHIN |“ I RIIE |1
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Pares S0 Suaersn JUTE, nseiomise: supamkeniny o roModorno ¢ aposoropuoii ofuacrnio rena nnrepneiicmm-2. TIpaMoyroasumkanis ofoanasenst sieMenTh
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-1561 -1484 -921 +]

;M —)-—,

o, 0

N VARRRRY® T\
/) ROSCC SRR aa] 1| -2 |

_ Hpeanaiimaeae i mamcer e ny JLCRCEY PLE PEEYIITOPSLIE. 0000 C T cease nirepaeiicuna-2, paeodomenime n - uanmnpyonieit ofractu roua,
I"‘”:-I\Iil POEMC Y Mer i Hata in 'I])Illll'l\'flllllllllll, 'll!]JIILI!\III II]lllMllyl'll.!ll.lllllii\l\lll' ‘I'l'.llMIlllll'l'()lll»l, l‘.'!'l‘l'..illiilhll'l'

nposoroput (1), sainrpuxonuinpiae nps-
.\'Illyl'h.lll-lllll\'”hl '-'II.\'iIll('l'l)



06iacTeI0 remd’ ‘marepneitkura-2. Ha prc. 3 npnsenens: gersipe paitona, uMeio-
mue' cXo:;Kylo mocaegosarenbHocTh. -Bee atu ygactku JHER umeror ﬁnnauyio
N0 cpaBHeHHI0 . (YHKQUOHATBHBIMI JIeMENTaMi IPOMOTOPA CTPYKTYDY:
TATFA-6okc* ‘CAT-6oxc n -Cap-caiir. HecmoTpss Ba HeKOoTOphle pasnuums B
PACCTOAHAN MeKAYy TeMH WJIM ADYTHMIH INPOMOTODHBIMH CTPYKTYPaMd, OHM
PACIOJIOEHE! B TEOPETUTECKH JONYCTUMBIX [ PHK-nonnvepasst npepenax.

Ha puc. 4 nmpuBegess! peryiIaTopHble 00JacTH, KaK M3BEeCTHble M3 JHUTepa-
TYPHBIX. HCTOYHHKOB, TAaK H INpegnonaraeMbie HaMH, KOTOpBbIE pacno/10;KeHs! B

5'—11)Jxaﬂﬂnpywmem paitoHe XpOMOCOMHOTO I'eHa HHTepIeiKiHa-2,

a s o
L

Ina coagamma remoMIol Oub.amoterm tYeropexa mcmoab3ospaqn JHR a3
nefironuToB NMepudepHYecKoil KPOBH Yel0BeKa, B KavecTBe BeKTopa — ar Xa-
por 4A [11]. Sxexrpodoperudecroe pasnerenne ¢paryverTos JHR, Boigee-
Hie mX H3 Tei1d, KIOHHPpOBalille I RapTHpoBaHile p@hO\'IGIIHaHTHBII OIa3MIg
IIPOBOAMAOCH IO METORUKAM, ONHCAaBHLM B KEmre [12].

ITlepsmuBas CTPYKTyPa KJIOHHOPOBAHHBIX (parMeHToB Gblia ompeje.1eHa
smetogom Cerrepa [13] Ha [ABYXIemo4edHOIl Marpnme. AHAII3 HYKIEOTHIHOR
nmoclemoBaTe.IbHOCTH D @HathIpﬁVm[ﬂeH ob.1acTn NpONBOIM.JICA HaA BBIYIHC.TIO-
rensHOR MamuHe «Mcxpa-220» ¢ mcmoab3oBaHeM NPOrpaMyM 114 00padoTKIl
JHE, noaveersnix m3 Iucturyra yoneryaapsoii reserorn AH CCCP.

Msr OPHEOCIM ICKPEHHIH 0aarogapeocts B. M. Depsnuwo 3a 1wdesHo
npefocTaBIeHHEIT npenapar aefironuraproit JTHR weoBera.
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LATVIJAS PSR ZINATNU
MW3IBECTHUSA AKALEMHUHU H
1990. — Ne 2 (511). — C. 68—71

AKADEMIIJA
Y F

AYK JATBH

YOK 6

A.A.Kampansze . H. 33¢, 3. 3. [MTetprnd,
B.P.HukoanaesBa, M. O. Myiixnunekc

PEAKLIMA CHCTEMbI KPOBHM HA BBEJEHHE
HMMYHOMOYJ/JIATOPA — INVIMKOIPOTEUHA A

IaukonpoTteHH A, npenapat, BbLAGJEHHBIT H OYHLIEHHBIT HAMH H3 M
pockonuueckoro rpu6a poaa Penicillium, o6aaiacT HMMVHOCTHMYJHP
UIHMH H MPOTHBOONYXOJeBbIMH cBoficTBavu [5]. O11tako noka ne H3yus
€ro BJHSIHHE HA PasjaHyHble 3BEHLS HMMVYHHOTO NPOICCCa H MCXAHH3M I
ctBus. Llenbo manHO# paboThl SABHJIOCH YCTAlOBICHH® BJIHSIISA BBCACHI
B OPraHH3M JXHBOTHbLIX TAIKOMPOTEHHa Ha THMYC il CCJIC3elKY, Ha KO
YeCTBO KJETOK KPOBH, a TakK)e H3yucHHe MIPOreHHOCTII npenapara.

B kayecTBe 06BEKTOB HCCJICAOBAaHHS [ICN0.b30Ba.NCh Kpoaikn (I,
2,4 xr) n mbiwy auunid CBA uw C57BI (18—20 r), nmoayucHibie H3 MHTC
HHKa PHIKCKOro MEIHUHHCKOro HHCTHTYTA.

Kpoanukam HHTpaBeHo3uo BBoAH M raukonpoTei A no 0,25 n_3.5
KaxioMy. Meiluam HHTpanepuToneanabHo BBoxHan Bakunuy BLK (Te

keutcknit HUW Bakuun n cwiBopotok) — 2,5 wr/kr, ackapuc («Gede
Richter» A. O. BP) — 3.0 mr/kr, nponcpuua («Mil Laboratorics», H-
ausa) — 100 wMr/kr, nurtepaeiikuu-2 (HJI-2, 3SucnepisenTtaannolii 3ae
Hucturyra opranuveckoro cuuteda AH JlarsCCP) — 500000 ex./xr, €
unit ceiBopotoulnil aabbymuu (BCA, «Serva», ®Pl) — 8,75 wmr/kr, rJ
konpotenn A — 2,5, 8,75, 12,5 n 30,0 mr/kr. Kpose Ttoro, ncno.gassona.

nHaktusupoBauublil narpesanuesm (80°C, 20 sun) ronkonporenn A, Be
KOHTPOJBLHBLIM JKHBOTHBIM BBOULTH COOTBCTCTBVIOHLIL 00BbEMY npenapar
o0beM (DH3HOMOTHYCCKOro pactnopa.

[TuporennocTb raukonporeiHa A onpeles.an Ha KPOIUKax B COOTBC
ctBHe ¢ Tpebosannem Papmaxoneir CCCP [3].

Mo BBegeHus u 4epe3 pasnbie HITCPBAJILE BPCMCHIE MOCIC BBREILCHI
npenapatoB 6pafn KpoBb LTIt HOACHCTA (GOPMCHIIN 2ICMCHTOB KPOBI
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TaGauua l

COOLEPXAHHUE 3PHTPOUHTOB M JEAKOUMTOB B KPOBH MBILIERA
HEPE3 24 Y MOCJIE BBEAEHHA MPEMNAPATOB

-

Koa-no xaetok b 1, MKA KpoBH
[MMpenapaT, Ao3a CBA CS7BI
3p 10¢ I Jley 102 3p 10® Jley 10?
1. 0,9%-vwi NaCl - 1,19--0,25 9,35—0,57 1,—0.1 10,5—0,4
2. BCA, 8,75 mr/xr — — 0,9—0,1 9,0—0,5
3. Faukonporennt A, 8,75 mr/r — — 0,9—0,1 7.9—0,5
4, Cauxkonporenn A, 12,5 mr/kr 1,24—0,07 9.67—1,42 — =
5. Hekapue, 3,0 mMr/sr 1,14—0,06 1580—1,75 o —
6. ITponcepmun, 100 mr/kr 1,12—0,11 9,40—1,06 — —
7. BLIDK, 2,5 wmr/&r 1,21—-0,10 7,95—0,76 — —
8. HMJ1-2, 500000 ea./xr 1,38—0,01 6,35—0,30 — —

JacikouuTapHoit ¢opmyanl. Uepes 12 u 24 4 nocae Beetelinss Mbiwam BCA
H TAUKOMPOTEHHa A onpejeiafn HHIEKCHl THMYCAa H CEJe3eHKH, a TakkKe
KOJIHYECTBO f1p0OcoaepsKallliX KJAeTOK B ceJe3eHke. DopMeHHble 3JIeMeHTh
kpoBi cyHTaJH Ha «Picoscale (BP)».

DKCNepHMEHTAJbHYO TPYNNy KHBOTHbLIX COCTAaBJSJAH 3 KpoJdHkKa H 6—
10 mbiwe#. Pesyabrathl 00pabaTbiBanH CTaTHCTHYECKH. -

[TonyyeHHbie AaHHBIE CBHIETEAbCTBYIOT, 4TO [JAHKONPOTEHH A cyulecT-
BCHIIO HC H3MCHSICT HH/ACKCHI CEJAE3€HKH Il THMYCd, HO YMEHbLIIAeT KO.H-
yeCTBO #,1pOCoAepIKalllHX KJIETOK B cese3delke yepes 12 4 nocsae BBEILEHHA
npernapata (puc. 1). Hueno fapocoaepxallux KJIeTOK VMEHbIUAeTcsd TaKike
nocae sselennss BCA. Kak ussectHo, yObljib KJCTOK B ceje3€HKE MPOHCXO0-
A4T B nepBboie 24 u B OTBET Ha AeHCTBHE pPa3HOOOpa3HbiX pasiparxdTe-
aeit [1].

Y sbiwefi auuun C57Bl nocsae BBeleHHs TJIMKONpoTenHa A ywmemblua-
€TCA CcolepxaHie B KPOBH JIEHKOUMTOB H 3PpHTPOUHTOB (Tada. 1). YmeHb-
WCHHEe KOJHYECTBA JIEHKOUHTOB MOXKHO OOBSCHHTb PEKPYTHPOBAHHEM HX B
MECTO HHBCKUHIE YyKepoanoro 6eaKa, a NPHYliHy HCYEIHOBEHHS IPHTPOLK-
TOB HA10 el(e HCC/A€10BaTh.

O.auako Takue Goablie 103bi rankonportensa A (8,75 u 12,5 Mr/kr)
B 3KCNepiMeHTax OOblYHO He HCMO.JIb30BaJiCh, d MPH BBEACHHH 103, CTH-
MYJIHDYOWNX HMMYHHDBIH- OTBCT, HHKAKHX NoOOYHbIX siB.IeHHiT e Hab.1w-
:12.10Cb.

YMeHLIUCHHC KOAHYCCTBA JICHKOUHTOB 1ab.1101aCTCsH TAKMKC Y Mbillefi
amuonn CBA nocae seejeniss BUJK u HJT-2, a ko.uguectsa sputpoustos —
lociie BBelelis JleKapica u nponepiiita. JJeKapic Bbi3bIBACT CYILECTBeH-
Hoe yBeJHueHlie KOJAHYeCcTBa .1efiKOUHTOB B KPOBIH.

B akcnepunMenTax Ha KpPOJHKAX YCTAHOBJCHO, 4YTO TINKOMNPOTeHH A
H3MeHAeT JefikounTapuy (Gopmyay KpoBi (pic. 2) — vMeuwbiuaeT npo-
HWCHTHOC COodepARAUNC AUMADOUNTOR H YBCJAIMHHBACT COACPKAMIC {ICCB1030-
snitoguaos (i nelitpoguaos) [2]. Campie 60abwie u3aMencHns nadaio-
JAoTes PR BBCICHHI 3,9 MU ApenapaTta B nepsbie 6 U nocae HHLeKWI —
NCCBA0303IHHOPILIbL cOCTABAROT 60—065% ot Beex aviikountos. dddest
SIBJASETCN 10303aBNCHMbIM — depes 6 u nocae pseaesis 0,25 mr npenapata
HeeBlo303HodiIbL cocTasasioT 35,5% ot Beex aefikountos. Tlpu 3Tom
H3MEHECHIIS MO1 BANSHIICM HATHBHOrO raukonpotenia A 6oJace npo1o.aki-
TCABIBIC, HeM N0 Baustiiies nuaktTusiposannoro. ITocae npusencis iu-
AKTHBHPOBMIHOrO n1penaparta JACHKoUNTapuas Gopyya HOPMAJIUZVETCH 34
12 4, a HATHBHOIO — TOJIbLKO 32 24—d48 y.

Anasgoruunblit HelTPOPIIBHDLIT CHKOWNTO3, UPOIOIKAOUUICH OKOIO
[2 4, npHues Co 3HAMHTCILHBIM SLICPHLIM CABIIOM BJICBO, B CTOPOHY MO-
206X popy (HASOURONCPHBIC  JCTIKOWHTHE  COCTABIIOT  0k0a0  30Y%),
HAOCHOILACTCH Vo MDIHHEH NoeTe [1[I}'T|H[()[)|0111IIII[IOI'{) BB IO l'JIIH\'OHI)()I‘L“
i A (rada. 2) 0 Cortepasanie HefiTtpodinIon YBCHMUBAKT TAKKC TCeKAPIC,
HJT-2, BUAC wos uedpabiuoi sepe — tponepaig, CooTsereTBeHNO 10k -
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Haco nocae bbederun npenapamob Yacwl nocae BBederus npenapamed
Puc. 2. WsMmestclise TIPOUEHTHOrO cOJepXKaHHA MNCeBAOY03HHOGHA0B (A) H }mmpoumoa
(5) B KpoBif KPOJHKOB I10C/]€ BBEAeHHS TI/IHKONPoTeHH1 A. | — HaTHBHBIA TJIHKOMPOTEHH
A 3.5 Mr, 2 — HHaKTHBHpOBallHLA rankonpoteddH A 3,5 Mr, 3 — HAaTHBHBIA TJIHKONPOTEHH

A 0,25 Mr; 4 — (GH3HOJNOrHYCCKHA PacTBoOp

KaeTca coaepiKaHHe JlHM(pOLlHTOB. HPOHEHTHOQ Coo€EpKaHHe HAPYrux Je#-

KOUHTOB CYLULeCTBCHHO HE MeHdercH.
[Tepopanbhoe BBeaenxe mbiwayv JuHHA CBA u C57Bl ounuwienuoro r.u-

[\OHDOTGHHa A u 3kcTpakTa rpuba, coaepiKallero riHKONnpoTeHH A, B 103ax
5, 10, 15 u 35 mr/kr B TeyenHe 24 4 He BbI3blBaeT CYLLeCTBEHHbIX H3MEHEeHHH
B JICHKOUHTapHOH (opMyJe KPOBH.

[nuxkonpotedH A, KakK HAaTHBHbIA, TaK H HHAKTHBHPOBAHHLIH, 06.1a1aer
MHPOreHHbIM AeHcTBHeM (pHc. 3), MaKCHMaJibHOE Bhipa)keHHe KOTOPOro
nabawp1aerca yepes 1,6—3 y W 3akaHuHBaercs yepe3 6 4 noc.ie BBel1EHHS
npenapara. Kak H3BeCTHO, 3K30r€HHbIMH NHPOreHAMH ABJISIOTCS 3HIOTOK-
CHHBI TPaMOTPHUATE IbHBIX OaKTepHH, a 3HJIOreHHbIe MHPOreHsl 06pa3yroTcs
i BBICBOOOZAK1al0TCA H3 uequoqmanm FPaHY/JOUHTOB H APYrHX KJETOK
PETHKY.103HA0TeNHaAbHOH cHCTeMbl [4].

MOKHO 1pEINOJOXKITb, YTO B OTBET Ha AeHCTBHE Tr.IHKONpOTeHHa A,
TaK XK€ KaK H Ha ApYyrHe pasipa’KHTejH, BHayase pa3BHBAKOTCA HeCledH-

Tadanua 2

BAOMSIHHE MPEIAPATOB HA JEAKOUHTAPHYIO ©OPMYJAY KPOBH MBIIWUEN JHHHHW CDBA*

Hefttpodiawm
Y nocae
Mpenapar noel. Maf04Ko- CermMeHTo- Taugounta
ROCPHBIC AlepHue

0.9%-uuiit NaCl 6 +.5—1.6 20—1.2 92.3—0.8
12 11,0—=3.3 6.8—2.7 S0.0—35.4
24 20—1.4 0.5—0.5 a7.5—1.2
48 10.0—2,4 2,0—0,7 83.0—-2.7
Jewapue - : 6 6.4—24 3.8—3.1 37.6—5.0
12 12.5--3,1 11,8—1,4 T5.5—1.7
, 24 6,5—29 4.3—1,7 Sa0—.7
[Tponepyia _ 24 8.0—2, 8.3—17 83.7—3.0
13 4.3—0,9 0,7—0,7 B.0—1.5
Cansonporenu A 6 30,3—9.5 55—2.1 64.0—10.7
[2 93—1.1 6.2—2.1 81 8—1.38
24 6,7—2.1 26—I1.8 bvy.3—3.5
43 47— .4 23—I1,1 25—1.8
BLIM |2 5.2—1.4 36—-22 90.3—3.8
24 10.0—4.0 1.5—I1.,5 82525
13 20,4—3.,5 7.1—=201 TO0—5,3
El L2 3 20.6-—6.6 5.0—3,1 T A=00
L8] 13.0—0.0 5.0—1.2 8T —14
13 16,3--2.0 6,3—2.3 785—5.1

* e Vo CoepaLiiie D0SHHOPInIon, Oa0pHIO 11 MOHOUHTOR,
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Puc. 3. [luporcHKoe J1eficTsie roil-
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drYecKHe H3MEHEHHS, CBA3AHHLIE C HEATPOPHJLHLIM JICHKOUWHTO30M I Bbi-
cBOOOXKAeHHEeM H3 IDAaHYJIOLUHTOB MHPOreHOs.

HasecTHO, 4TO GO.JILWHHCTBO K.JIETOK H MOJCKY., VYACTBYIOUWIHN B 34-
UHTC OPralH3Ma, BOBJICKAIOTCS If B BOCHAITCALIYID PEakUii, I B.HMMYIi-
nptit orpet. Cucrema noanvopduosiepiuX JCHKOUHTOB, HAaYHHACT 1CHCT-
BOBaTb YK€ Ha 1neppoii ¢a3e oTBera H obcciledHBACT TECHVIO CBH3b
IMMYHHITETa C peakuueil Bocna.eHus. MoKHO cletaThb 3akJioucHife, 4T
HMMYHOMOAVIATOP [VIHKOUPOTCHIE A BbI3bIBACT H3MEHEHIIA B ClICTCME KDOBil
alanorH4yHo JAPYriM MpenapaTtasM, KOTopbie 1efCTBYIOT B IIMMVHUDIN I Boc-

NAaJHTCALHBIX DPCARUIIX,
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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 control led to the formation of inclu-
sion bodies. These were partially purified by centrifuga-
tion, solubilized in 0.1% SDS and reactivated by dilu-
tion. DNase I 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 sequences that flank the — 35 raf pro-
moter box. By using DNA fragments with one, two.
or four copies of the 18 bp palindrome. these experi-
ments revealed concentration dependent. successive oc-
cupation of all available binding sites by raf repressor.
Melibiose released the repressor trom the operator com-
plexes, whereas raffinose and other x-galactosides did
not. indicating that melibiose is the actual inducer in
vivo. We suggest that successive occupation by repressor
of two strategically located operator sites is a specitic
tvpe of stepwise down-regulation of gene expression in
response to repressor concentration.

Key words: raf operon — raf repressor — Gel retardation
analysis - Footprinting - Multiple operator sites

Introduction

The efficiency of transcription regulation by repressor
proteins is determined by at least three parameters: (1)
the precise recognition of a particular operator DNA
sequence: (2) the relative position of the operator within
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the promoter sequence: and (3) the existence of second-
ary operator sites at some distance from the promoter.

The well-studied operator-repressor svstems are
based on specific interactions between a palindromic
DNA sequence and an alpha-helix which recognizes de-
tails of the major groove of the symmetrical operator
DXNA. This recognition helix is part of a helix-turn-helix
motif that was first identified in phage lambda Cro pro-
tein (Ohlendorf et al. 1982). but similar structures have
since been found and implicated in the binding reactions
of other repressors and related proteins (reviewed by
Pabo and Sauer 1984).

Studies of various promoter operator combinations
have shown that in addition to RNA polvmerase-pro-
moter interactions. the position ol an operator within
the promoter sequence dramatically affects the degree
of occupancy of the operator by its repressor. which
ulumately defines the efficiency of repression (Lanzer
and Bujard 1988). Accordingly. an operator located be-
tween the —10 and — 33 promoter boxes allows a much
tighter control than operators located adjacent to. but
etther upstream or downstream ot the promoter. In re-
cent veuars, additional operator sequences at considerable
distances from the promoter have been identiticd mn var-
wous regulatory svstems ot Excherichia coii and tound
to be essential tor the correct regulation ot gene expres-
sion (Fritz et al. 1983: [rant ctal. 1983 Dunn ot al.
1984 Tugele and Fuchs 1986: Valentn-Hansen ¢t al.
19RO, In the /ae svstem, a1 second operator located with-
in the coding region of the lacZ gene has been implicated
in determining the degree of repression (Eismann et al.
LO8T). The tetrameric fue repressor is thought o bind
to two operators, thereby inducing the mteryvemmny DN A
to torm a loop (Krimer et al, [987),

The raftinose (ref) regulatory svstem nuy evplott sev-
cral mechanisms to control gene expression. Three raf’
structural genes are under the negative control of a re-
pressor, which exhibits an N-terminal helis-turn-helhiy
mour i s derived primany structure (Aslanndis et al,
PN Aslanidis and Schimtt 1990), The rar repressor
has the potental 1o form eramers 1 v, sugeesting
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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
palindromic DNA sequences that flank the —35 box
of the raf promoter (Aslanidis and Schmitt 1990). How-
ever, on the basis of these experiments it could not be
decided whether the two adjacent operator sites (sepa-
rated by only 3 bp) are occupied simultaneously or suc-
cessively and whether bound repressor molecules inter-
act with each 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 allocation
of the 18 bp palindromes to operator sites and gel retar-
dation revealed successive occupation of these sites by
different repressor molecules.

Materials and methods

Chemicals and enzymes. [3?P]Deoxyribonucleotides (<
3000 Ci/mmol) were obtained from Amersham Buchler
{Braunschweig, FRG), melibiitol was obtained by sodi-
um borohydride reduction of melibiose (French et al.
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 JM109 recd!
endA! gyrd96 thi-1 hsdR17 supFE44 reld! A(lac pro) F
traD36 pro4B lacl® lacZAM1S (Yanisch-Perron et al.
1985) was used as host for the overexpression ot raf
repressor. Plasmids were constructed according to stan-
dard procedures (Maniatis et al. 1982). pRU647 carries
the 13kb Hindlll-Scal fragment that includes rafR
(Fig. 1) inserted in pUCS8 (Vieira and Messing 1982);
pRU984 contains this segment as a 1.3 kb HindlI1-Bam-
HI fragment from pRU647 (Fig. 1) cloned in pUCI3
(Yanisch-Perron et al. 1985). The two plasmids ditfer
in the relative polarities of P, and rafR. which are in
opposite orientations in pPRU647 and tandemly arranged
in pRU9SY (Fig. 2). A set of plasmids containing ditter-
ent combinations of the operator sites, O, and O.. were
obtained as tollows (see Fig. 1). The 170 bp Pstl trag-
ment (0,0,: pRUG4S). the adjucent 182 bp Psrl trag-
ment (JO: pRU646). the 44 bp SundA fragment (0,0,
pRUYSY  and  two  tndem  SuudA  fragments
(0,0.0,0;: pRUILSt6) were ligated into the Pyl or
BumHl sties of pUCS. O, and O, were separated by
clomng  the 18 bp  Asul-Hindlll  tragment (O :
pRUI3IS and the 91 bp Asul-EcoRD tragment (O,
pRUTIH of pRU4S into the Accl Hindll and el

FeoRT sites, respectively, of pUCT 3,

Orverproduction aid isolation of the vat repressor, Cells
of o ocoli INFEODpRUIOSHY were grown overnight
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37°C in Luria Broth without glucose, supplemented
with ampicillin (100 pg/ml) and IPTG (1 mM). Cells
were harvested and either extracted by boiling for 10 min
in buffer (50 mM TRIS-HCI pH 6.8, 1% SDS, 1% mer-
captoethanol, 2 mM EDTA) for gel electrophoresis or
resuspended in 25 mM TRIS-HCI pH 8, 50 mM NaCl,
1mM EDTA (approx. 3 x10!! cells/ml) for repressor
isolation as follows. Lysozyme was added to a final con-
centration of 0.25 mg/ml 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-HC] pH 6.5, 8 mM EDTA, and was homogenized
with an Ultra-Turrax dispersing tool T25 (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 EDTA and homoge-
nized again. The centrifugation-homogenization steps
were repeated three times. The final sediment was ho-
mogenized in an equal volume of 25 mM TRIS-HCI
pH 8, 50 mM NaCl. 1t 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%
SDS was repeated until the sediment was completely
dissolved. Functional repressor was recovered from this
solution (stored at 4°C) over a period of ar least
3 months. The amino-terminal peptide sequence of the
solubilized repressor protein was determined on an Ap-
plied Biosystems 470A gas-phase protein sequencer.

Fragments for retardarion gels. Plasmids containing the
operator sites were digested with EcoRI-HindIIl and
3’end-labelled with x[**P]dATP and the Klenow frag-
ment of DNA polymerase [. For DNase [ protection ex-
periments. the FEcoRI-Pstl rafO~ fragment from
pRU9I84 was Fend-labelled as above and gel puritied
on 5%-10% polvacrylamide.

Gel electrophoresis. Gel retardation analyses were per-
formed essentially as described by Fried and Crothers
{1981) and by Garner and Revzin (1981). DNA frag-
ments to be tested were 3'end-labelled and were puritied
on polvacrvlamide gels (Manatis et al. 1982). Approxi-
mutely 3 tmol of the DN A fragment of mterest wis incu-
buted in binding butter with one-tenth volume ot raf’
repressor diluted trom stock solution v 10 mM TRIS-
HCI pH R, | mM EDTA to tenfold the desired final
concentration. A moditied binding butter (Riggs et al.
1970) containing 10 mM TRIS-HCT pH 8. 10 mM KL
I mM EDTA. 10mM DTT. 30 pg ml BSA was used.
unless stated otherwise. After 1O min at room remperi-
ture. | ul of 30%a ghyeerol i binding butter with 0.06%,
bromphenol bluc and 0.00"s xyvlene cyanol was added.
Polyvacryhmide gels (78 7eme T thick: 3% aeny -
mide: bisacrybumide. 38:2Y i 43 mM TRIS-borate,
L3mM EDTA pH S 3 were pre-run for 30 min at "0V
at room temperature. When the samples had been
loaded. clectrophoresis was performed under the same
condintons, the duraton depending on the lengths of
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0.25 kb
g 2 < Ele
S a a ad
| ] L. por~L /
— rafR — rafA |/

H
E Fig. 1. Portion of the raf operon with
= =S repressor (rafR) and z-galaclosidase
35 2 5 10 (raf4) genes and the regulatory region
f~ATCCAGATCACACAACCGAAACGT TT TEGTTGATGTTCGAAACGTTTCGGATCAACAGTAA 7, containing the promoter (P) and .
e s o p ne  operator (O). The promoter (—10. —33)
gt b o o &%  and two putative operator sequences (0.
and O,: symmetryv centres marked by
—e— —» dots) are shown on expanded scales.
AACCGAAACGTTTTGGTT! [GTTCGAAACGTTTCGGAT Sequence numbering according 10
TTGGCTTTGCAAAACCAA| |CAAGCTTTGCAAAGCCTA Aslanidis and Schmitt {1'990).HResln'cIion
i i sites delimiting fragments used for
01 o)) repressor binding are indicated

the respective fragments. After electrophoresis. the gel
was covered with Saranwrap and autoradiographed at
4° C on Wicor XRP film.

DNase I protection experiments. The assay used for foot-
printing was a modification of published procedures
(Craig and Nash 1984: Brown et al. 1988). For the bind-
ing reaction. the 3‘end-labelled DNA fragment (about
10 fmol) was dissolved in 20 pl binding buffer and mixed
with various amounts of raf repressor (0-300 ng). The
mixtures were incubated at 20° C for 10 min. One micro-
liter of DNase [ solution (either 250 ng ml or 750 ng/ml)
was added to the appropriate mixtures and. after 5 and
2 min. respectivelv. digestion was stopped by addition
of 20 pl of 100 mM EDTA. 600 mM ammonium acetate
and 20 pg/ml sonicated herring sperm DNA. The DNA
in the reaction mixtures was ethanol precipitated.
washed in 70%% ethanol. vacuum dried and redissolved
in 5 pl loading bulter (80°y tformamide. | mM EDTA.
0.1% xvlene cvanol and bromphenol blue). Alter incuba-
tion at 90° C tor 10 min. samples were analvzed by elec-
trophoresis in a 6% polvacrylamide gel in 90 mM TRIS-
borate pH 8.5. 2.3 mM EDTAL 7 M urea.

Results
Overexpression and re-activation of ral repressor

The rafR gene, on a 1.3 kb Hindlll-Seal fragment
(Fig. ). was cloned next to the Jae promoter (P, of
pUCS and pUCT3 (Viewra and Messing 19821 Yanisch-
Perron et al. [Y83) in the “non-expression ™, head-to-
head conliguration (pRUe47) and in the high-expres-
sion”™", head-to-tail conliguration (pRUYS4: Fig, 2A).
When transtormants off £, coli INHIOY were grown in
the presence ol inducer (1 mNM IPTGY and thew cell ex-
traets analvzed by SDS gel clectrophoresis, a prominent
new protetn band of apparent M, 0000 fand 4 mmor

B
TS e |55
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=
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—— s | = 36
—
= ==

| kDa

a bc M

Fig. 20 and B, Overexpresston of cloned rar repressor. A Recom-
inant plasmids pRUGH™ (non-productive controti and pRUSSS
used tor the overproduction of repressor protein under o promot-
er 1Py Y control. The focaton and polanny of Poand iwo genes
traf R, rar=repressor s by, J-lactamase) are shown, Resioetion sites:
B Bamt L FeoRT HL fMindlU s S0 Senal, B Determunaton by
gel clectrophoresis o rer repressor production, seee ami relainge
puniey, Cells of Eachorn o codd INLLOY contamme criier pRU 047
ar pRUYSH were grown aind overcted. Samples 30 6 wers ana-
hced on 010 SDS- 107 pobvacny anude s Tollows Lane L crude
extract ol JNHDWpRUeITY, Lane b ol
INITOUPRUOSS) . Lane e, aselared  mchision from
N PR USRS ojubibecd i 0010 SDS . ane sl moleeular

SO

IS N

[ERTEERS

werght standirds i Slodaitons, hDad G mdicates e
sorgapparens M, 40oom



300

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 M, 36700 of monomeric raf
repressor, derived from the nucleotide sequence (Aslani-
dis and Schmitt 1990). The overexpressed repressor pro-
tein, amounting to ca. 15% of total 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, lane c). The
N-terminal sequence of this protein, H,N-ser-leu-lys-
ala-ile-ala-thr-thr, conforms to that predicted from the
DNA sequence (Aslanidis and Schmitt 1990), except that
it lacks the first methionine residue. The removal of N-
terminal methionine by post-translational processing
(Sherman et al. 1984) obviously does not prevent the
specific binding of repressor to operator DNA (see be-
low), although the crucial helix-turn-helix motif is locat-
ed at the amino-terminus (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% SDS and subse-
quent dilution to 0.015% SDS or less. At this concentra-
tion the detergent no longer interfered with the specific
binding of repressor to operator DNA (see below). On
the other hand. solubilization in 0.3% SDS irreversibly
inactivated the repressor protein.

Raf repressor binds successively
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 DNA fragments carrying one. two. or four palin-
dromic raf operator sites. Preliminary experiments indi-
cated that bivalent cations. such as Mg*~, Ca®*, Ba*"
or Mn**. interfere with and DTT promotes the binding
of raf repressor to operator DNA. Therefore, subse-
quent experiments were performed with a moditied bind-
ing bufter (Riggs et al. 1970) containing | mM EDTA
and 10 mM DTT. but no Mg~ (Materials and meth-
ods).

Figure 3 shows the electrophoretic behavior ol the
(70 bp Pyl fragment of pRUG43 containing the native
operator (Fig. 1. in the presence (lanes b-d) and in the
absence (lane a) ol increasing amounts of raf repressor.
Two retarded bands are observed. one of intermediate
mobility at low repressor concentrations (lanes b, ¢) and
the other of slower mobility at high repressor concentra-
ton (lane d). We suggest that this pattern results from
the successive binding of two molecules of the raf repres-
sor [0 two operator sites, O and O, Two controls in-
cluded in Fig. 3 contirm the spectticuy of the repressor
operator mteraction in the in vitro svstem used. Fiest,

the clectrophoretic mobility off the “operator-lree ™
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Fig. 3. Titration of DNA fragments containing the raf operator
with raf repressor. The raf0,0, fragment (199 bp) of pRUG4S
(lanes a-f) and the ArafO fragment (212 bp) of pRU646 (lanes g.
h) were produced by digestion with EcoRI and HindIIl. 3" end-
labelled and gel purified. About 13 fmol of fragment DNA were
incubated with the indicated amounts of the raf repressor. Lanes e
and f, 5 mM melibiose (m) and 3 mM raffinose (r). respectively.
were added to the incubation mixture betore digesuion. Lane M.
size markers

182 bp Ps:l fragment of pRU646 was not altered 1n the
presence of raf repressor (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 rgf repressor-raf” operator complex (Fig. 3.
lane e). On the other hand. 3 mM raffinose (the other
in vivo inducer) did not prevent complex formation
(Fig. 3. lane f). These results imply a specitic interaction
between melibiose. but not raffinose. and raf repressor.
This indicates that melibiose is the actual inducer of
the raf operon. whereas raffinose must be processed in
vivo prior to induction. Other z-galactosides. such as
melibiitol  (glucitol-1.6-x-p-galactoside).  galactinol
(mvoinositol-z-D-galactoside). and  p-nitrophenyi-x-p-
galactoside or D-galactose itselt” did not intertere with
the binding of raf repressor to raf operator DNA (data
not shown).

The successive binding of raf repressor to two operi-
tor sites present on one fragment (Fig. 3. lanes a-d) sug-
gested that each palindromic sequence can independent-
Iy bind one repressor molecule. We. theretore. analyzed
the interaction of raf repressor with single operator sies.
O, and O.. located on separate ragments derived trom
pRU I 14 aad pRUI3LS. The observed retention of both
these [ragments upon incubation with raf” repressor
(Fig. 4. lanes a-D) confirmed our notuon that one (8 bp
pilindrome 1s suftficient tor stable repressor binding.

Finallv. an artiticial construct with four operator
sites in tandem arrangement (pPRUTI160) was tested for
rat repressor binding. The use of SundA sites (Fig. 1
lor cloning resulted in almost equal spacing ol the four
I8 bp palindromes, wlhich are separited by ctther three
or four nueleotides. Figure 4 (lanes ¢ k) shows the titra-
ton experiment with increasing raf repressor. The elee-
trophoresis pattern, with four bands ot increasing retir-
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Fig. 4. Titration with repressor of fragments containing singlet or
quadruplet raf operator sites. The rafO, fragment (145 bp) of
pRU1315 (lanes a—), the rafO, fragment (101 bp) of pRU1314
(lanes d—f) and the raf0,0,0,0, fragment (118 bp) of pRU1316
(lanes g-k) were produced by EcoRI-HindIIl double digestion:
fragments were 3’end-labelled and gel purified. Fragments from
pRUI1315 and pRU1316 (5 fmol) pRU1314 (7.5 fmol) were incu-
bated with indicated amounts of raf repressor. Lane M. size
markers

dation, clearlv 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 or whether binding involves
interactions between bound repressor molecules.

Foorprinting of operator siies

Protection of DNA from DNase [ digestion by bound
repressor was used to map the ru/f operator sites. Such
experiments may also reveal possible interactions be-
tween repressor molecules binding to adjacent sites. Fig-
ure 3A shows the footprints produced atter binding of
raf repressor at different concentratons to a 198 bp
EcoRI-Pstl fragment from pRU9S4 that contains the
native raf operator (Fig. 1) and digesting the complex
with DNase [ at two concentrations. ln comparison with
the sequence pattern produced in the absence ol repres-
sor (Fig. 3. lanes ), two discrete. protected regions be-
come apparent in the presence ol increasing amounts
of repressor (Fig. 3. fanes 0.1 -3 and lanes 0.3-3). Protec-
tion was abolished when inducer (3 mM melibiose) was
added to the reaction (Fig. 3. lane m).

The tootprints revealed two notable teatures. Firstly,
the protected regions correspond to the palindromic op-
crator sites: the centres ot symmetry of Oy and O, close-
[y match the centres ot the protected DNA sequences.
whereas nucleotides involved in interactions with RNA
polymerase (at =33 and = 10) are not fully protected
(Fiz. 3A. B:arrows). At least one of the 3 bp intervening
between O, and O and one each at the “mner ™ edges
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of the protected region are susceptible to DNase I diges-
tion, suggesting that two repressor molecules binding
to neighboring operator sites do not compete for inter-
vening base pairs. This does not, however, exclude the
possibility of interactions between the repressor mole-
cules bound to O, and O,. Secondly, within the limits
of sensitivity of this method, the extent of protection
provided to O, and O, seems to be equivalent at various
repressor concentrations (see Fig. 5A, lanes 1 and 3) in-
dicating that there is no preferential binding of repressor
to O, vs O,; minor differences in the two palindromic
sequences (Fig. 5B) have no obvious effect on the affini-

ty for the raf repressor.

Discassion

Requirements for reactivation
and binding of raf repressor

The reactivation of raf repressor from inclusion bodies
(Kane and Hartley 1988; Mitrarki and King 1989) in-
volved solubilization in 0.1% SDS and refolding of the
protein to its native and active form by five to tenfold
dilution in buffer (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% SDS concentration, ca. 1 mg ml of repressor
protein was rendered soluble, corresponding to binding
of about every third amino acid residue in the repressor
to an SDS molecule. The presence of 30 ug/ml bovine
serum albumin in the binding assay detectably increased
the reactivation rate of repressor at dilutions of the SDS
extract of 1:10 to 1:50, but had no significant impact
at lower detergent concentrations (not shown). This indi-
cates that BSA may act as a detergent scavenger.

Unlike the case with lac repressor binding (Riggs
et al. 1970). bivalent cations, such as Mg*~. Ca*~, Ba" "~
or Mn*". interfere with the binding of raf repressor to
rat operator DNA. When added to the assay mixture
after repressor. Mg** ions are not completely inhibitory
(data not shown). It thus appears reasonable to assume
that Mg” ™ binding sites on operator DN A are protected
by repressor. This observation may be useful in devising
future experiments to study the kinetics ol repressor-
operator interactions. The reducing agent DTT both sti-
mulates the solubilization of repressor protein by SDS
and facilitates binding ol repressor to DN A, suggesting
that cysteine residues - there are three per monomer
(Aslanidis and Schmitt 1990) - are essential tor repressor
activity,

Speciticinr of induction

In vitro binding experiments clearly demonstrated that
mehibiose wus capable ol preventing the tormation ol
a repressor-openitor complex (Fig, 3 but neither raltin-
vse. nor any ol the other x-galactosides ested altecred
repressor buwding. Heneeo melibiose must be the actual

1 AACCGAAAC:

04
r AACCAAAAC:
GTTCGAAAC:
Oz
r ATCCGAAAC:
consensus axcCgAAAC:

987654321

Fig. 6. Comparison between the four half-sites of raf operator se-
quences O, and O, (wrtten as single-strand sequences). In the
consensus sequence, capital fetrers indicate invariant positions,
lower case letters 715% representation and x a position with either
A or T. Numbering ol nucleotides staris 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 hvdrolyzed
by sucrose hydrolase (the product of the third gene,
rafD, in the operon; Schmid and Schmitt 1976: Aslanidis
et al. 1989) to form melibiose and fructose betore induc-
tion can occur. The fact that sucrose hvdrolase has a
higher affinitv for raffinose (Kmyg,, is 4 mM) than does
z~-galactosidase (Kmg,; is 60 mM) and the translational
coupling of rafB and rafD (Aslanidis et ai. 1989) thus
appear as logical consequences of the need for melibiose
formation as the first step in induction.

Specific binding of repressor
to adjacent binding sites

Footprinting experiments (Fig. 5} contirmed the two
previously identified raf operator sites. O, and O, (As-
lanidis and Schmitt 1990). The extent of protection of
each 18 bp palindrome by bound repressor. summarized
in Fig. 3B. reveals parual protection of the operator
ends facing each other at the — 33 promoter box. This
may indicate mutual hindrance of bound molecules and.
or that these terminal nucleotides are less important for
the specitic binding ol repressor. an interpretation ta-
vored by comparuative analvsis of the operator halt-sites.

The I8 bp operator sites exhibit dvad svmmertry and
thus can be considered as four halt-sites. The consensus
axcCeAAAC derived from the aligned hali-sites (Fig. 6)
reveals high conservaton of six nucleotides closest to
the center of symmetry and less preference for a particu-
lar base at the three peripheral positions, Studies m the
fac operator repressor svstem have indicared specitic in-
teractions between central nucleotides and distinet anmu-
no actd residues in the recognition helix of the repressor
(Lehming etal, POST: Sartortus etal (989, Rules tor
protein-DNA recognition experimentafly deduced from
compensating point mutations (Lehming o ab 1¥90) -
phicate three residues m the recognition hehi ot the raf
repressor, Val-140 The-15 and Arg-19 (slanndis and
Schoitt 199, in specitic interaction with nucleotdes
Ad A4 and GIrespeetively (Figs o) This merpretation
profeciion patiern

1s consistent with the observed

(Fige S explims the conservation of nucieotides near



the symmetry axis, and suggests a basis for the observed
specificity of raf repressor/operator complex formation.

Successive binding in vitro and gene regulution

Protection of the two operator sites at sub-saturating
repressor concentrations (Fig. 5A, lanes 1 and 3) indi-
cates that raf repressor has very similar affinities for
O, and O,. Despite this apparent equivalence of O,
and O,, gel retardation data indicate that binding to
these two sites occurs in two discrete steps, with almost
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 O, and O, does 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: pRU1316) is consistent
with this interpretation.

The sequential titration of raf repressor can be con-
sidered a prerequisite for down-regulation of gene ex-
pression in response to repressor concentration.
Conceivably, RNA polymerase binding to the raf pro-
moter is inversely related to the number of operator
sites occupied. The unusual location of O, and O, imme-
diately upstream and downstream of the — 335 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 raf regulatory system must be elucidated by moni-
toring gene expression after murtagenic elimination of
one or the other operator site.

Another level of transcriptional control is suggested
by the recent discovery of the tetrameric structure of
the raf'repressor (Jaenicke et al. 1990), which is theretore
potentially capable of simultaneously binding two dis-
tant operator sites. as has been shown with the tetramer-
1Ic lue repressor (Emsmuann etal. 1987: Krimer etal.

1987). [n tact. two potential candidates tor distant raf’

operators have been detected within the rard structural
gene, 1200 bp (120 helical turnsyand 1317 bp (131.7 hehi-
cal turns) downstream of the original operator site. Both
these sites contain two I8 bp (partial) palindromes sepa-
rated by three nucleotides and display reasonable stmi-
lartty with the consensus (about 60°0). The possible sig-
nificance of this observation can be tested by repressor

binding and mutatonal alteration of the putative see-
ondary operator sies.
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The raf repressor from Escherichia coli regulates the expression of the plasmid-borne raf operon by switching between active and inactive conforma-

tional states. Ultracentrifugal analysis of the largely purified repressor proves the DNA-free protein to undergo concentration-dependent dissocta-

tion-association. High-speed sedimentation equilibria show that the 72 kDa dimer prevails under meniscus depletion conditions. At intracellular

concentrations the |44 kDa dimer-of-dimers is the dominating species. [t is suggested that the tetrameric structure of the raf repressor 1s involved
in the recognition of the |8-basepair operator DNA,

Analyvtical ultracentrifugation: Dissociation-association: Quaternary structure: Repressor. raf; Sedimentation 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 M, being 36 700 [2]. Overexpression of rafR
resulted in inclusion bodies, from which active
repressor was recovered by solubilization in 0.1%
sodium dodecyl sulfate and subsequent dilution in buf-
fer [3]. Gel-retardation analysis [4] revealed the specific
binding of raf repressor to 18-bp palindromic raf
operator DNA 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 proteins [5].

The quaternary structure of other known repressor
molecules is either dimeric or tetrameric [6,7]. To deter-
mine the vet unknown quaternary structure of the raf
repressor, a largely purified DNA-free preparation
(capable of specifically binding to raf oprator DNA)
was analyzed by analytical ultracentrifugation. The
results reported here indicate a concentration-
dependent monomer-dimer-tetramer equilibrium with
the tetramer (formed at typical intracellular concentra-
tions) as the putative active configuration.
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Physikalische Biochemie, Universitat Regensburg, Universitatsstralle
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2. MATERIALS AND METHODS

Assay of raf repressor activity emploved the gel-retardation pro-
cedure [4) using 3'labelled DNA fragments that contained either two
or four palindromic raf operators for repressor binding, as has been
described (3]. Protein concentrations during purification were deter-
mined according to Lowry et al. [8], using bovine serum albumin as
a standard. The concentration of purified repressor was determined
spectrophotometrically using an extinction coefficient 450" m=1.5.
The isolation of active raf repressor from purified inclusion bodies
was performed as in [3]. For analvtical ultracentrifugation, dialyzed
repressor protein was diluted to 400 xg/ml in binding buffer (10 mM
Tris-HCI, pH 8.0, 10 mM KCI, [ mM EDTA) that contained dif-
ferent concentrations of dithiothreito!l (0, 2, 4, 10 mM) or mercap-
toethanol (100 mM).

Sedimentation experiments were performed in a Beckman Spinco
model E analytical ultracentrifuge equipped with a high intensity light
source and a UV scanning svstem. Double sector cells (12 mm
pathlength) with sapphire windows were used in an AnG rotor. To
detect possible concentration-dependent dissociation, heterogeneity
and non-ideality, the meniscus depletion technique was applied over
a wide range of protein concentrations (§ zg/ml -2 mg mD, fill-
heights and rotor speeds (8000-20000 rpm); scanning wavelengths
were 230 and 280 nm, respectively. The temperature in all ultracen-
trifuge experiments was 2 and 20 = 1°C, respectivelv. Sedimentation
coefficients were determined at 44 000 rpm. plotting In rvs ¢, and cor-
recting for 20°C and water viscosity. Sedimentation equilibrium ex-
periments with rotor speeds 16000, 12000 and 8000 rpm were
evaluated from In ¢ vs 7~ plots making use of a computer program
developed by G. Bohm, Regensburg. The partial specific volume was
calculated from the amino acid composition [10].

3. RESULTS AND DISCUSSION

The molecular mass of the raf repressor from
Escherichia coli ditfers, depending on the concentration
of the protein and the amount of sodium dodecyl
sulfate used as solubilizing agent. At 0.01% high
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Fig.1. Sedimentation velocity and sedimentation equilibrium of ras repressor. Experiments were performed at 2°C in 10 mM Tris-HCl buffer, pH
8.0, plus 10 mM KCl and | mM EDTA. (A) Semilogarithmic plot (In 7 vs 1) of sedimentation velocity runs at 44000 rpm. Scanning wavelength
280 nm. Protein concentration 0.4 mg/ml, in the absence of dithiothreitol (), and in the presence of 2 mM (A), 4 mM (O) dithiothreitol, and
100 mM J-mercaptoethanol (@), respectively. (B) Tetramer-dimer dissociation equilibrium calculated for high-speed sedimentation equilibrium
runs at 12000 and 8000 rpm. Data refer to experiments with different filling heights and scanning wavelengths. Initial protein concentration 0.4
mg/ml in the presence of 4 mM dithiothreitol. (Upper frame) Equilibrium at 12000 rpm, monitored at 280 nm. (Lower frame) Left-hand ordinate
and lower abscissa, In 4 vs r~ linearization: righthand ordinate and upper abscissa (®), concentration dependence of the molecular mass.

molecular weight aggregates prevail: about 90% of the
protein are present as high molecular weight aggregates,
which sediment to the bottom of the ultracentrifuge cell
during acceleration (< 20000 rpm). The remaining 10%
migrate as a single species with a sedimentation coeffi-
cient 520w =3.5+0.1 x 107" 5. At concentrations below
0.05 mg/ml) (monitored at 230 nm), the molecular
mass is found to extrapolate to 36 000 + 3400 Da, cor-
responding to the calculated molecular weight of the
polypeptide chain (correlation coefficient 0.9994).

After equilibrium dialysis of the 0.01% sodium
dodecyl sulfate solution of the protein against excess
buffer (residual sodium dodecyl sulfate concentration
=0.001%), aggregation does not exceed 10%. The ma-
jor fraction of the protein forms a well-defined
sedimentation boundary. The sedimentation coefficient
at ¢=0.5 mg/ml is 520w =6.1£0.2x 107" s, indepen-
dent of the amount of reducing agent present (fig.1A).
Obviously, the requirement of dithiothreitol for specific
binding to operator DNA sequences [3] has no effect on

Table 1
Ultracentrifugal analysis of the raf repressor from Escherichia coli
Conditions® 12 000 rpm 8000 rpm

[SDS] [DTT] T S20.m Mo Moax Muin Maua,
(%) (mM) °0) S (kDa) (kDa) (kDa) (kDa)
0.01 0 24 3.54x0.11 33.7 aggr.

0.001 0 2 6.1=0.1 80 136 210 135 160+ 10
0.001 2 2 6.1x0.1 116 42+ 6 129 146 6
0.001 k) 2 6.0+0.1 106 1499+ 8 126 157= 8
0.001 100° 2 61201 108 146+ 6 130 175 =10

* [SDS]. residual sodium dodecyl sulfate concentration: [DTT], dithiothreito! concentration: T,

temperature
P J-Mercaptoethano! concentration
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the quaternary structure of the protein. Assuming the
hvdrodynamic properties tvpical for globular proteins
to be valid for the repressor molecule, the observed
sedimentation coefficient allows a molecular mass of
130—150 kDa to be predicted. Fig.1B and table 1 show
that this value is confirmed by high-speed sedimenta-
tion equilibrium experiments using the meniscus deple-
tion technique in a concentration range between 0.0§
and 2 mg/ml. Thus, we may conclude that at sodium
dodecyl sulfate concentrations below 0.001% the
solubilized raf repressor in the absence of its target
DNA is a tetramer. Homogeneity and stability of the
protein are corroborated by the occurence of a single
sedimentation boundary and identical standard M,
moments at varying angular velocitv. Only at high dilu-
tion (<0.05 mg/ml) and high rotor speed, dissociation
to dimers becomes detectable: a significant curvature in
the In ¢ vs 7 diagrams is observed with limiting weight
average molecular masses of the order of 80+8 kDa
and 145.2+2.5 kDa, respectively (fig.1B). Under the
conditions of the biological binding assay (=0.001%
sodium dodecyl sulfate, 0.05 mg/ml protein concentra-
tion), the tetrameter is the predominant species. In the
bottom region of the ultracentrifuge cell, and at low
rotor speed (8000 rpm), the weight average molecular
mass slightly exceeds the tetramer. However, even after
long-term equilibration at room temperature, aggrega-
tion is below 10%.

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
aggregates. Obviously. the subunit interface of the
dimer is strongly hydrophobic. At sodium dodecyl
sulfate concentrations below 0.001%, the dimer is the
final dissociation product, even at exceedingly low pro-
tein concentration. At tvpical cellular concentrations,
the tetramer is the dominating 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 may be assumed to play a role in
the binding of the repressor to its operator DNA.
Whereas most functional repressors studied assume
dimeric conformations, the well-known /ac 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 symmetry considerations and the detailed
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structure analyses of other analogous repressor-ope-
rator systems [6,7] suggest that the helix-turn-helix
motifs of only two protein subunits interact with the
18-bp palindromic raf operator DNA. The assumption
that the two adjacent raf operators (separated by only
3 bp) are bound simultaneously by two surfaces of the
tetrameric repressor were disproved by in vitro binding
studies which demonstrated sequential binding of in-
dividual raf repressor molecules [3]. Two naturally
separated binding sites in the /ac system (the second
located in the /ac coding region) have been recently im-
plicated in the cooperative repression of the /lac pro-
motor [11]; moreover, in vitro experiments with ar-
tificial constructs containing two operator sites at vary-
ing distances have demonstrated the formation of a
DNA loop by binding one /ac repressor tetramer to the
two /ac operators [12]. Since presently no structural in-
formation is available, no details with respect to the
topology of the protein-DNA complex and the specific
protein-DNA interactions can be given. However, the
present data indicate that the dimer-of-dimers struture
of the raf repressor serves as the preferred configura-
tion interacting with the operator DNA.
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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
structural genes for z-galactosidase (rafA), Raf permease
(rafB) and sucrose hvdrolase (rafD) is negatively con-
trolled bv the binding of RafR repressor (rafR) to two
operator sites, O, and O-, that flank the — 35 sequence of
the raf promoter. P, . In vitro, O, and O, 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 S in an operator half-site prevented repressor
binding, supporting a model that postulates specific in-
teractions of these base pairs with the recognition helix of
RafR. To study the role of each operator site. we have
compared by gel shift analysis the binding of purified
RafR repressor to DNA fragments containing the origi-
nal O,0. configuration or mutant O, or O.. When either
one of the two operators was inactivated by site-directed
mutagenesis. both O, and O. exhibited the same affinity
tor repressor and the same sensitivity to arrest of repres-
sor binding by the natural inducer. melibiose. However.
in the native O,0. configuration. simultaneous binding
of RafR to both operators was sterically hindered. lead-
ing to a L3-fold decrease in the intrinsic affinity of an
operator site for repressor. once the other site had been
oceupied. To assess the role of each voperator in vivo. rat4
was used as a reporter gene. A [200-fold repression
(100%) was exerted by RafR binding to the native 0,0,
configuration, whereas O, alone exerted 43% and O,
alone 6%y repression of rard transcription, The dilferen-
tial effects of O, versus O. on transcription (despite
matching affinities of O, and O. for repressor) suggest
that positioning of the O,-repressor complex between the
~33and — 10 signals is crucial for transcription control
and that repressor binding to the upstream O, serves o
enhance this elfect.
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Key words: raf operon -~ Dual operator control — Repres-
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Introduction

The well-studied bacterial repressor-operator svstems are
based on specific interactions berween a palindromic
DNA sequence and a helix-turn-helix mouf in the re-
pressor protein, which recognizes the major groove of the
svmmetrical operator DNA (Pabo and Sauer 1984). Cru-
cial parameters that determine the efficiency of transcrip-
tion modulation are: (i) the precise recognition of a
particular operator DNA sequence by repressor mole-
cules; (ii) relative positions of the operator and promoter
sequences; and (iii) participation of distantly located.
secondary operator sites in repressor binding. Svstematic
studies of the Lac repressor-operator system using direct-
ed mutagenesis have convincingly demonstrated the dis-
crete character of amino acid-base pair interaction in
protein-DNA recognition (Sartorius et al. 1989: Leh-
ming et al. 1987, [990). Essenual prerequisites tor the
efficient binding of repressor to cognate operator are
preservation of the palindromic symmetry, and specific
base pairs in the operator sequence that interact with
particular amino acid residues in the recognition helix.
These rules similurly apply to the yal regulatory svstem
(Lehming et al. 1987, 1990: Weickert and Adhva 1992).

Studies of synthetic promoter-operator combinations
have shown that the position of the operator sequence
relative to the promoter elements dramatically atfects
RNA polymerase-repressor interactions, which ulumate-
lv define the efficiency of repression (Lanzer and Bujard
1988). Accordingly. an operator located between the
=10 and =335 promoter boxes ensures much nghier
control than an operator located adjacent to. but either
upstream or downstream of. the promoter boxes. Sec-
ondary operitor sequences at consideriable distances
from the promoter have been identitied in the fuc. wra.



deo, and gal regulatory systems of Escherichia coli and
were found to contribute remarkably to efficient and
correct regulation of gene expression (Fritz et al. 1983;
Irani et al. 1983; Dunn et al. 1984; Tuggle and Fuchs
1986; Valentin-Hansen et al. 1986; Eismann et al. 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 (Kramer et al. 1987; Eismann and
Miiller-Hill 1990; Oehler et al. 1990).

An additional level of regulation 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 al. 1989; Hudson and Fired
1990). Accordingly, 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 sites
(Lee and Goldfarb 1991). Such a configuration facilitates
a “ready-for-take-off” state of the promoter-RNA poly-
merase complex, 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 resem-
blance to that of the E. coli lac operon. However, Jlac and
raf controls are distinct in the structure and sequence of
their controlling elements. In the raf svstem, these have
been conserved in 25 Raf plasmids from quite different
sources (Schmid et al. 1979; unpublished observations).
Three structural genes, raf4 for a-galactosidase (a-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 al. 1989; Aslanidis and Schmitt 1990).
Sequence analysis. in vivo titration and DNase footprint-
ing experiments served to identify two 18 bp palindromic
operator sites. O, and O,. flanking the —35 promoter
box. Gel 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 1n vitro (Aslanidis et al. 1990).

This studv was initiated: (i) experimentally to test
previously postulated interactions of particular base
pairs in the operator with defined amino acid residues in
the recognition helix of RafR (Aslanidis et al. 1990):
(11} to analyze the role of each of the two operator sites,
O, and O,. in repressor binding in vitro: and (iif) to
probe their function in regulating transcription in vivo.
We report here that O, and O, bind the RatR repressor
in vitro with equal affinities, vet O, (located between the
=33 and — 10 boxes) dominates over O, in regulating
promoter activity in vivo. Hence. RatR bound to O,
alone resulted in 43% repression of transcription, where-
as RalR bound to O led 1o only 6% repression. RalR
bound to the native OQ. configuranen resulted in a
notable 1200-told repression.
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Materials and methods

Chemicals and enzymes. [*?P]-deoxyribonucleotides
(<3000 Ci/mmol) were obtained from Amersham Buch-
ler (Braunschweig, FRG). Restriction endonucleases and
other enzymes were purchased from Boehringer (Mann-
heim, FRG), New England Biolabs (Beverly, Mass.,
USA) and Pharmacia (Freiburg, Germany) and were
used as recommended 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 Aslanidis et al. (1990).
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 polyacrylamide gels. RafR concentrations
were derived from total protein determined photometri-
cally at 595 nm (Bradford 1976).

Bacterial strains and plasmids. E. coli IM109 [recAl
endAl gvrA96 thi-1 hsdR17 supE44 relAl Aflac-pro;
F'traD36 proAB lacl® lacZAM 15, Yanisch-Perron et al.
1985] containing plasmid pRU984 was grown overnight
at 37° C in Luria broth without glucose for the overex-
pression of RafR protein (Aslanidis et al. 1990). E. coli
TG [hsdD5 supE44 relA!l Allac-pro; | F'traD36 proAB
lacl® lacZAM 5] was used as a host for site-directed
mutagenesis. Enzyme activities were determined in E. coli
DHI [supE44 hsdR17 rec4l endAl gyr496 thy-I reldl;
Hanahan 1983] containing a functional Lac permease for
melibiose transport. £. coli DS338-2 containing a chro-
mosomal insertion of ArafR rafO™ A~ and expressing
a-Gal constitutively (Schmitt et al. 1979) was used to test
the expression of plasmid-encoded RafR.

Plasmids were constructed according to standard
procedures (Maniatis et al. 1982). pRU99I carries a
3.7 kbp EcoRI fragment from PIKmRaf containing the
Pg-rafR-Ps-raf4 portion of the rat operon plus 3" adja-
cent sequence (Aslanidis 1987) inserted in pUCS (Vieira
and Messing 1982). HindIIl digestion and religation eli-
minated the polvlinker of pUCS and part of the 3'-adja-
cent region resulting in pRUI322 (Fig. 1A). Recom-
binant pRU1307 carries the 168 bp Psil fragment from
pRU643 with the ras promoter and operator sequences
(Aslanidis and Schmitt [990) and the 2175 bp Purl-
EcoRI fragment from pURYY contuning rard (Fig.
LA). The pRU1307- and pRU 1322-borne rar genes were
transcribed from their native promoters. the polarity of
which s opposite to that ot the vectors Py,... Plasnuds
pRUI323-pRUIZ27 (Fig. 1CO) carry altered operator
sites generated by site-directed mutagenests of pRU 322

Sire-directed mutagenesis. The Amersham oligonucleo-
tide-directed mutagenesis system (version 2) was used
with pBS( + )-derived single-stranded DN.A containing
the 723 bp Kpnl-Sphl Iragment from pRUI322 (Fig. 1A)
propagited in the presence of helper phage R408 i
E coli TG (Stratagene Cloming System. La Jolka, Calil..
USA) The desired mutants were verified by sequencing,
recovered as Kpnl-Scal tragments, and religated into the
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parent plasmid, pRU1322 (Fig. 1A). The functional
proficiency of rafR was verified by complementation
using the Raf-constitutive E. coli strain DS338-2 (As-
lanidis and Schmitt 1990), the function of raf4 was con-
firmed by determining a-galactosidase activity in E. coli
TGI. Recombinants were selected on 2 X Tryptone yeast
(TY) agar containing 100 pg/ml ampicillin (Ap) and
screened for expression of «-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]+ Scal (285 bp) or Bsu36l+ Sphl (340 bp) and
labelled at their Bsu361 ends with «[>?P]dTTP using
Klenow polymerase (Fig. 1B). 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 essentially as de-
scribed by Fried and Crothers (1981) and by Garner and
Revzin (1981) with previously described modifications
(Aslanidis et al. 1990). Each binding reaction contained
approximately 10fmol of the DNA fragment and
1-100 ng of RafR protein dissolved in binding buffer
(10mM TRIS-HCI pH 8, 10 mM KCl, 1 mM EDTA,
10mM DTT, 50 g/ml BSA) diluted from stock (100 pg
RafR/ml in 25mM TRIS-HCI pH 8, 50 mM NaCl,
1 mM EDTA, 0.1% SDS). Polyacrylamide gels (5%) in
45mM TRIS-borate, 1.5 mM EDTA, pH 8.3 were pre-
run for 30 min at 70 V at room temperature and electro-
phoresis of samples was performed under the same con-
ditions. Subsequently, gels were covered with Saranwrap
and autoradiographed at 4° C on Wicor XRP film. Rela-
tive intensities of retardation bands were determined
densitometrically with a M®-2 AOMO densitometer
(St. Petersburg, Russia), and relative repressor binding
affinities were calculated 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 transtormed E. coli DH|
cells. Cells were grown in 2 x TY both containing 100 ug,
ml ampicillin and 0.2 mM IPTG to induce Lac permease
needed for melibiose transport. In induction experi-
ments. cultures at OD, o, = 0.2 were divided into two and
further incubated after the addition of etther 0.2% meli-
biose (inducer) or 0.2% fructose (non-inducer). Aliquots
were taken at [-2h intervals and «-Gal activity wuas
determined in cells treated with toluene (Schmid and
Schmitt  1976) using P-nitrophenyvl-u-p-galactopyra-
noside (a-PNPG) as a substrate. Enzyme activity is ex-
pressed us maximum increment of specitic activity (units
per h) during exponential and early stationary growth.
One unit of a-Gal corresponds to a change of 0.01 ODy 5,
(due to hydrolysis of a-PNPG) per min per OD,,,. Rela-
tive plasmid contents in the analyzed cultures were deter-
mined according to Stueber and Bujard (1982).

Results

Binding of RafR repressor to native 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 gels
(Fried and Crothers 1981; Garner and Revzin 1981).
Figure 2 shows the electrophoretic behavior of free and
complexed B fragments (Fig. 1B) from pRU1322 (0,0,)
and its mutant derivatives (Fig. 1C). 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 etther O, or O,
(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,or specific base pairs significantly diminish or com-
pletelv 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 palindromic operator for specific interac-
tions with the recognition helix of RafR (Aslanidis et al.
1990). In fact, substitutions, additions or deletions at one
or more of these positions completely eliminate the bind-
ing capacity of an operator site in our assav. Even at
high concentration of RafR (30 ng). only the non-
mutagenized operator was capable of binding repressor.
as demonstrated by the single retardation band (Fig. 2.
lanes c. d). Accordingly. fragments A or B trom the
0,0, double mutant pRU1328 (Fig. 1C) do not com-
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. 4
and 3 in each operator half-site.

The relative mobility of the complexed operator de-
pends on its position in the tragment. Theretore. tunc-
tional O, (Fig. 2. lanes ¢ and g) was less retarded than
tunctiona! O, in the binding assay (Fig. 2. lanes d. h and
1). a ditterence also seen in the control mixture o O, and
O. mutant fragments (Fig. 2. lane ¢). These latter re-
tardation bands also define the mobility zone of the
diffuse band formed on binding of a single RatR mole-
cule to the native O, 0, configuration (Fig. 2. lane ). The
“hazy™ aspect is thought to retlect ditferentual DNA
bending mediated by RatR repressor that oscillates be-
tween the two operator sites.

Repressor binding to raf operator DNA was reversed
bv the addition of melibiose (inducer). as shown n
Fig. 3. Increasing concentrations of melibrose gradually
inhibir the binding ol repressor o operator, seen ias
stepwise reversal of retardation i the native O, 0. con-
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Fig. 1A-C. Portion of the raf operon. re-
combinant plasmids and operator mu-
tants used for probing rafd regulation. A
Two pUCS-derived recombinant plas-
mids. one (pRU1322) containinz a

3462 bp insertion (top) comprising rafR
(repressor gene} and rafd (u-galac-
tosidase gene) and their promoters. Py
and P, and the other (pRU1207) bear-
ing a 2344 bp insertion with the 3"-termi-
nal 53 bp of rufR. the intercistronic re-
gion. and raf4. Positions and polarities
of the lac promoter (P, ;) and the 3-
lactamase gene (bla) are indicated by
arrows. Restriction sites: H. HindIII:

| ~T ]
5 .= a3 So. Sphi: K. Kpnl: N. Narl: P. Psi1. B.
7 ,’/ Y Bsu36l (Sauly: Sc. Scal; Sn. SnaBI: EV.
! P ! ‘\ EcoRV: E. EcuRI. B P, : operator
* e Fragment B ; \ g {0,0.)-promoter ( — 335, —10) region
8 3 F Srit A \ : with adjacent parts of fcgrR and ratd on
,/* ragm ; I expanded scale (boxed in A). Resinction
C ’"90 — v . vew _ X coordinates are numbered according to
5 - - 5 - s Aslamidis et al. (1989). Frugments A
inlon mmcmrﬂm%mmm%ﬁ- —re= 55{}%3% (Bsu361-Sphl. 340 bp) and B (Bsu36l-
o} ’ Q, Seal. 285 bp) used for gel shill assays are
=/ / TCACACAACCGAAACGTEGIGGTTGATGTTCGAAACE T TCGGATY —//~ pRU1323 shown \m_h ih:‘;r *2P-labetied B“\::_\ﬁl N
: T as— — " 0 ends markcd ™). C .\ucl_cmsdc scquences
: 2 of native (top line) and six mutant op-
e m&uccoﬁmccmm#ccﬁm_mmmmr —ii= pRU1324 erator-promaoter sites with their piasmid
i _E;d, — 10 numbers marked (right margini: nucleo-
! . 2 tide numbering from Aslanidis and
e mc.\mccwapcmmm}mcc‘rr_vmmmﬁr —//=  pRU1325 Schmitt (1990). The —33 and — 10 pro-
0, -35 . - -10 moter boxes are underiined. functional
T Juii—— : operator sites. O, and O.. are ~oxed. ax-
b-//~— TCACACAACCGAAACCTITIGGTIATGTICTAAMCTTITAGGATCAACAGTY —/ = pPRUL326 csp of palind romiLE svmmet rv marked by
Q, 3 1o vertical {imes. and nucleondes tnieracting
Yt fmm TCACACAACCGAAACGTITTCCTIGATG TICGAAACGEETCGGATCAACAGT —_— - pRU 1327 with the T\:Ck‘gﬂl[ion helix (Asianidis <t
T — 35 ETE al. 1990) indicated by rricnaics. Nucleo-
01 tides exchanged by directed mutagencsis
-/ /— TCACACAACCGBAACGTTTTGGTTGATGTTCGAAACCLBTCGGATCAACAGT — -~  pRU1328 are hold raced. an insertion (7Y and a de-
.35 .10 letton ( ) in pRUITIZS are marked

fgur

erther O, (Fig.

ation (Fig. 3. lanes e-b). as well as in mutants with
3. lanes i-D or O, (Fig. 3. lanes m—j)

mtact.

In vitro repressor hinding by one and nvo operators

Absolute binding affinities of RafR for operator DNA
have not been determined in these experiments, since the
concentration ol tree active protein in the binding reac-
tions was unknown (owing to variation in the proportion
of active RafR solubilized from inclusion bodies: As-
lanidis et al. 1990). However, at low RalR concentrations

the relative intensities of shitted bands on autoradio-
graphs reflect the probability of complex tormation and
relative atfinities of binding (Fried and Crothers 1981).
In this study, the availability of mutants with onlyv one
tunctional operator (Fig. 1C and Fig. 2) tacilitated the
calculation of relative afinities of repressor lor single
operators and comparisoas ol repressor binding to trag-
men(s contdining mutant or nalive raf operiator.
Competition experiments were carried out using three
combinations of repressor-bearing [ragments tm varving
ratios (Fig. 4). and relative binding atfinities (K, K.
were caleulated, as presented in Table | No preterence
tor etther O or O, was found when these sequences were
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Fig. 2. Autoradigraph of gel retardation assay representing stepwise
saturation of native and mutant raf operators with Raf repressor.
Approximately 15 fmol of labelled 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 EDTA to 1 mM and DTT to 10 mM final concen-
trations; Mg?* ions were omitted (Aslanidis et al. 1990). B frag-
ments were used as follows: lanes a, b and f, pRU1322; lape c.
RU1323; lane d, pRU1327; lane g, pRU1324; lane h, pRU1325;
lane i, pRU1326. Lane e contains a [ :1 mixture from pRU1323 (0,
mutant) and pRU1327 (O, mutant). The various operator con-
figurations used are illustrated above each lane (open box, native
operator; filled box, mutant operator, cross-bar, 32P-label). Bands
were assigned to the operator-repressor complexes as symbolized on
the right-hand margin (@, bound repressor)
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Fig. 3. Progressive inhibition of repressor binding to operator DNA
by melibiose. Approximately 12 Fmol of tragment B trom pRU 322
(lanes a-e), pRUTIZY (Lanes F=0) and pRUIZT (lunes j-m) were
mized with the indicated amounts of melibiose (nm Mel) betore the
addition of' 13 ag of RalR (Lines b-m). Lane a. no repressor added.
Structures ol operator DNAs (top) and vperator-repressor com-
plexes (autrgin) dare represented as in Fig. I Complete inhibiion of
repressor bindding is seen with 9 aM melibiose
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Fig. 4. Competition of native and mutant raf operators for binding
Raf repressor. For distinguishing the competing operators. the
larger fragment A from plasmid pRU1322 (O, 0.) was used togeth-
er with smaller fragments B from pRU 1324 (O,) or pRUI327(0,).
respectively (Fig. 1). Lanes a—c. 10 fmol of DNA and 3ne raf
repressor. Lanes d-l. operator-bearing fragments and their ratios.
as specified above lanes: 20:10 fmol (2 1): 10:10 fmol (1 1):
10:20 fmol (1,/2) using § or 12 ng of RafR in proportion to total
DNA. Differences in specific activity of labelled fragments were
balanced by dilution with corresponding non-labelled fragments.
The mobility of operator-repressor complexes is specified at the
margin as in Fig. 2
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Fig. 5. Competition between nutive und mutunt ras openittor DN As
tor decreasing amounts of Ral repressor. Amounts of Ral repressor
(nez RaiR) added are shown above lunes. Lanes ¢ e, g, 0 amd k.
10 fmol of fragment A from pRUI322 (0,0,). Lanes b d. 1 h, .
10 fmol of pRUI322 DNA (0,0, fragment A) plus 10 Imol of
PRUI3IT DNA (O, fragment BY. Lane i, mixture of lragments A
(PRUIEID and B (pRULIITY without repressor. Repressor-operi-
tor complexes correlating o retardation zones are sy mbuolized s in

Fig. 2
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Table 1. Relative in vitro affinities of raf repressor binding to single and dual operator sites calculated from normalized intensities of retarded

bands in Fig. 4
Number * r,* DNA Active Normalized band intensities K,/K¢
fragments operator (x10~2)®
used in assay*® sites in retardation zones®
OA OB 101 !02 ]01,2 2C!l..‘_
1 0.4 2 B(pRU1324) 0, - - 35.8 64.2 - - 1.12
+ +
B(pRU1327) 0,
2 0.4 1 - - 52.0 48.0 ~ - 1.08
3 0.4 0.5 - - 68.3 31.7 - - 1.08
4 1.0 - A(pRUI1322) 0,0, 51.5 = - - 455 3.0 13.4
5 0.7 - B(pRU1322) 0, 0, - 69.0 - - 30.0 1.0 13.0
6 0.4 - A(pRU1322) 0, 0, 79.0 - - - 20.6 0.4 13.4
J 0.4 2 A(pRUI1322) 0,0, 68.0 2.7 - 23 6.8 - 1.01
+ +
B(pRU1324) 0,
8 0.4 1 476 43.3 - 4.1 49 - 0.92
9 04 0.5 19.7 221 - 6.5 1.6 - 311
10 0.4 2 A(pRU1322) 0,0, 63.8 283 2.6 53 - - 1.11
+ +
B(pRU1327) 0,
I1 0.4 I 47.0 42.0 4.7 L) - - 0.89
12 0.4 0.5 25.6 613 9.0 3.8 - - 0.99

*r,, repressor/DNA fragment ratio in assay (ng;fmol)
*r,, ratio of DNA fragments (fmol) used in retardation assay

* Plasmids and fragments shown in Fig. |
*Normalized band intensities from Fig. 4 were calculated as a
fraction of the total “density value” (100%) of each lane determined

densitometrically

¢ Zones formed on autoradiographs by (free or RafR-complexed)
DNA fragments: 0,, fragment A; O, fragment B (Fig. 1B); lo,,
repressor-complexed fragment with functional O, ; lg,. repressor-
complexed fragment with functional Q,; 1o, 3, native (0,0,) op-
erator complexed with one repressor molecule: 25, », native opera-
tor complexed with two repressor molecules

4K, K, relative binding affinity of RafR for a particular 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 K, /K of relative binding
affinities was close to L. This result confirms quantitative-
lv the experimentally observed equivalence of the iso-
lated O, and O, sites in binding RafR in vitro (Fig. 2).

A quite different result was obtained when the native
0,0. configuration was examined. Gel shift experiments
at limiting RafR concentration revealed inefficient
formation of complexes in which both operator sites are
occupied by repressor (Fig. 2. lane t: Fig. 4. lane a:
Fig. 5. lane g). Given the equivalence of the isolated O,
and O, in repressor binding. a coefficient of “binding
obstruction™ between the two adjacent sites was cal-
culated by treating them as two distinct operators located
on one fragment (Fried and Crothers 1981). The cal-
culated coefficients listed in Table [ (lines 4-6) indicated
that the apparent affinity of RafR tor an operator site is
lowered approximately 13-fold. if the adjacent site has
already been occupied by RalfR. This effect is thought to
originate from steric hindrance between RafR dimers
bound to O, and O, and scparated by only 3 bp (Fig. 1C:
Aslanidis et al. 1990). The close spacing and binding

centration corresponds to the probabilitv of forming a retardation
complex. Therefore. it defines the affinity of the repressor fora given
operator site. K ;K is calculated according to equations adopted
from Fried and Crothers (1981). For two operators located on
diferent DNA fragments the relative binding affinity is given by:
K K:=P(lp,) x C(Fga)/P(lga) x C(Fp,). where P(x) is the relative
band intensity and C (Fx) is the input concentration of the DNA
fragment bearing the operator site Fx. For non-complexed DNA
fragments distinguishable by their electrophoretic mobility. the
respective band intensities were used directly. instead of input
fragment concentration according to: K, 'K,=P{lg,) < P(0,)
P15, :) ¥ P(0g). Alternatively. if the two operators are located
on one DNA fragment we may write K, K.=P(lg, .)*
P(Zo:.2)* P(04)

equivalence of the two operators suggest that a single
repressor molecule may oscillate between sites (vielding
a hazy retardation band. e.g. Fig. 2. lane t) under non-
saturating concentrations and that the stable occupation
of both sites (at saturation) requires a change in DNA
conformation. This view is supported by competition ex-
periments that demonstrate steric hindrance of repressor
binding to the second. non-occupied operator site. Al-
though. the native O, 0, configuration contains twice the
concentration of functional operator compared to single-
site operator mutants (Fig. 1C). it does not display a
higher requirement for repressor. either in competition
for decreasing repressor concentrations (Fig. 3) or in
mixtures of native and mutant fragments supplied at dit-
tferent ranos (Fig. 4: Table |. lines 7-12). Rather. the
mitive 0,0, arrangement behaved as it only one opera-
tor was functional. This is turther supported by gel shitl
amalyses in the presence of the inducer melibiose. The
native 0,0, combination (Fig. 3. lanes b-d) and mutants
with only one functional operator (Fig. 3. lanes -m)
were equally susceptible to arrest by melibiose, suggest-
g that only one site was occupied at a time.
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Table 2. In vivo P, promoter activity un- : fa b . " d e
der wild-type and mutant operator-repres- Plasmid Operator site a Qal ;cctmty Eq E;
sor controls (units/h)
Fru Mel
pRU1322 0,0, 1.5 390.8 1200 260.5
pRU1323 0, 35 450.2 514.3 128.6
pRUI1324 0, 32 410.0 562.5 128.1
pRU1325 (o 20.3 340.5 88.7 16.8
pRUI1326 0, 255 380.2 70.6 14.9
pRU1327 0, 27.1 360.4 66.4 133
pRU1328 - 1200 1000 1.5 0.8
pRU1329 0,0, 320 700 5.6 2.2
(rafR*)
pRU1307 0,0, 1800 1400 1 0.8
(ArafR)

* g-Galactosidase (a-Gal) acitivies of wild-type (pRU1322) and mutant operators
(pRU1323-1328) or mutant repressors (pRU1329, pRU1307) were determined upon trans-
formation of Escherichia coli DH1. Plasmids carry the wild-type repressor gene. rafR, except
for PRU1329 (rafR*), which encodes a Thr, 5 to Ala,; substitution in the recognition helix.
and pRU1307, which contains a deletion, ArafR

® Only the functional operator sites are listed

< @-Gal assay according to Schmid and Schmitt (1976). Values were averaged from five
independent experiments. The estimated standard deviations is 20%. Fru. growth on 0.2%
fructose (non-induced); Mel. growth on 0.2% melibiose (induced).

4 Efficiency of repression: ratio of constitutively expressed a-Gal activity (pRU1307) versus

non-induced a-Gal activity
e Efficiency of induction: ratio of induced (Mel) versus non-induced (Fru) levels of ¢-Gal

In vivo role of O, and O, sites 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] transformed with recombinant plasmids
bearing native and mutant operators (Fig. 1C). Prelimi-
nary tests confirmed the function of raf4, rafR, and their
promoters, and revealed comparable plasmid copy num-
bers per cell under all the conditions used. Exponentially
growing cultures were sampled at 2 hintervals 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.
1. Repression is most efficient in the native 0,0, con-
figuration. leading to a 1200-fold reduction in a-Gal
(pPRU1322) as compared to the repressor-deficient. con-
stitutive pRU1307.
2. A differential role of the O, and O. operator sites Is
seen in controlling the raf operon in vivo. In non-induced
cells. O, alone has little effect on raf transcription
(pPRU325-pRU1327: Table 2). Bv contrast. O, alone
exerts strong expression and melibiose induction raises
the level of a-Gal almost 128-fold (pRUI323, pRU1324;
Table 2).
3. The a-Gal levels of pRU1328-transformed cells that
conlain two non-functional ra/ operators approach those
of the fully constitutive rafR deletion mutant, pRU1307,
indicnﬁng that O, and O, are the primary sites of repres-
sor action. The results demonstrate that in vive - despite
the in vitro equivalence of O, and O. in repressor binding
- O, 1s donunant and its location between the — 33 and
= [0 promoter boxes ts cructal for controlling transcrip-

tion initiation by RNA polvmerase. whereas O, has an
accessory function.

In all operator configurations. melibiose induction
leads to similar a-Gal levels in the presence of the wild-
type repressor (360—450 units; h). These maximum activi-
ties were attained during the first hour after addition of
inducer. Nevertheless. these a-Gal activites approached
only one-third of the constitutive level exhibited by the
repressorless pRU1307 (Table 2). Concervably. this
deviation from maximum a-Gal activity upon induction
was a consequence of catabolite repression exerted by
glucose. the immediate metabolite of melibiose. Accord-
inglv. a-Gal levels displayed by the constitutive mutants
pRU1307 and pRU1328 were reduced by about 20%
upon the addition of 0.2% melibiose (Table 2).

[t has been postulated that residues Val,,. Thr,. and
Arg,, in the recognition helix of RafR are essential for
repressor binding to specific base pairs in the major
groove of the operator DNA (Aslanidis et al. 1990). This
view s supported by the 213-fold lower repression or
raf4 transcription in pRU 1329 compared to pRUI322
(Table 2) as a consequence ot a Thr,. to Ala,. sub-
stitution (in RafR*) known to preserve the overall a-
helix structure. but incapable of specific hvdrogen bond-
ing. As seen in Table 2. the constitutive level of a-Gal
expressed by pRU1329 (RafR*) amounts to 18% of the
fully constitutive A rafR mutant pRU 307, and induc-
tnon with melibiose rases this level only twotold as a
result of partial consuutvity,

Discussion
A spectal leature of rar operon control are two closely
spaced. nearly identical operator sequences. O, and O,



that flank the — 35 promoter box (Aslanidis and Schmitt
1990; Aslanidis et al. 1990). We have studied the role of
each operator site in repressor binding in vitro and in raf
transcription in vivo by selectively inactivating O,, O,,
or both. Gel shift analysis revealed equivalence of iso-
lated O, and O, in binding RafR, but indicated a 13-fold
lower affinity for the second RafR dimer in the native
0,0, configuration, once the first dimer had been
bound. The deduced negative interference of two RafR
dimers bound to O, and O, in cis is consistent with
observations at limiting repressor or inducer concentra-
tions in vitro (Figs. 2 and 3) indicating “oscillation” of
one repressor molecule between the two neighboring
operators. By contrast, analyses of raf transcription con-
trol in vivo indicated that both O, and O, are simul-
taneously occupied by RafR in the repressed state and
that O, is the dominating site, controlling raf repression
17 times more efficiently than O, (Table 2).

Gel shift analysis of mutant operator-repressor
compexes

Substitutions of single base pairs in the 18 bp palindrom-
ic operator sequences, O, and O,, 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-15 to
Ala-15 exchange in the recognition helix of RafR led to
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 expernimentally derived
from compensating point mutations by Lehming et al.
(1990). we have previously implicated residues Val-14.
Thr-15 and Arg-19 in the RafR recognition helix in
specifically interacting with nucleotides A3. A4 and G3,
respectively. in the raf operator half-sites (Aslanidis and
Schmitt 1990: Aslanidis et al. 1990). Although we have
not screened all possible permutations of operator
sequence, the single-site operator mutants (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 operator half-site consensus A W,C--
CsGsALAALC, (Aslanidis et al. 1990). In the raf system.
gel shift competition experiments revealed equal affinities
of O, and O, for RatR (Fig. 4. lanes j-1: Table 1. lines
1-3). It may be noted that the O, operator sequence
diverges from the ideal raf operator by a Cs to T tran-
sition in the right-hand half-site. This asymmetry is remi-
niscent of wild-type /lac operator which varies in two
positions from complete symmetry. but appears to bind
Lac repressor as efficiently as a synthetic 18 bp ideal fuc
operator (Lehming ot al. [987). Whether the alteration
at position 3 of O, has an influence on transcription
control by RalR has still to be tested with an ideal O,
palindrome constructed by in vitro mutagenesis.

The 285 bp fragments B containing either native O,
or O, sequences (Fig. 1B, C) were readily distinguishable
in gel shift experiments when complexed with RalR
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(Fig. 4, lanes g~i). Despite identical fragment sizes and
protein/DNA ratios, complexed O, exhibited a slower
electrophoretic mobility than complexed O, (Fig. 2, lanes
c-¢), indicating differences in DNA bending by bound
repressor. Increased bending at O, may reflect: (i) the
location of Oy, which is closer than O, to the center of
the 285 bp fragment B (68 bp versus 89 bp distance); and
(if) the coherence of bending at O, with intrinsic DNA
curvature upstream of raf4 (unpublished data). The dif-
ferent mobilities of complexed O, and O, made it pos-
sible to analyze the binding of a single RafR to the native
0,0, configuration. The diffuse (hazy) retardation band
seen in these experiments (Fig. 2, lane f; Fig. 3, lanes c—)
suggests that RafR oscillates in an association; dissocia-
tion equilibrium between the spatially condensed opera-
tor sites, 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 molecule with the two operators needs to
change its conformation dramatically in order to bind a
second repressor molecule (Fig. 2, lane b). an aspect
further discussed below.

Relative binding affinities

Relative affinities of O, and O. operator sites for RafR
were obtained by using normalized band intensities from
competition experiments under limiting RafR concentra-
tion (Fig. 4). Calculated K, K, ratios reveal that within
experimental error { = 15%) both operators bind repres-
sor with equal affinity when the operators are located on
separate DNA fragments and only one operator site is
functional per fragment (Table 1. lines [-3). If. however.
both operators are functional. binding of the first RafR
molecule is normal. whereas the second RatR is bound
with apparently 13-fold lower affinity (Table 1. lines
4-6). We assume that this low binding coefficient reflects
the fact that distortion of the DNA is needed to accom-
modate the two closely spaced repressor molecules. Even
though the binding of RafR to a (linear) DNA fragment
in vitro does not give a complete picture of RafR binding
to supercoiled plasmid DNA in vivo. the above results
clearly suggest competitive rather than cooperative in-
teractions between two RafR molecules bound to wild
tvpe O,0..

No “sandwich™ complexes with two DN A fragments
binding a single RatR molecule have been observed. This
indicates that in gel shift assayvs the active form of RatR
15 a dimer. a notion contorming o a recent study by
Weickert and Adhya (1992) that attributes retrameriza-
tion (as in Lacl) to a C-terminal leucine minizipper not
seen in the RatR protein. On the other hand. high-speed
sedimentation equilibrium analvsis of purtied RatR re-
vealed tetrameric repressor at high concentrations (Jiae-
nicke et al. 1990) which. however. may not prevanl in the
experiments described here.

In vivo control of val transcripien by O, i O,

The in vivo transcripion svstem used here as a correlate
to gel shift assays 15 well suited 10 momtorning quan-
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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 a-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 (pRU1322-
pRU1329) of RafR (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 O, and O, 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 operator/repressor 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), results in about 200-fold reduced
repression, indicating lowered affinity of RafR* for op-
erator DNA.
2. A 1200-fold repression was observed in the native
0,0, configuration (pRU1322), demonstrating very effi-
cient control by two operators that flank the — 35 pro-
moter box.
3.If both operators contain a point mutation
(pRU1328). repression was only 1.5-fold, implving 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. 1C)
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 applving this criterion to the operator variants
pRUI1323-pRU1327, a difference between controls ex-
erted by an intact O, and O,. respectively, became ob-
vious (Table 2): RafR bound to O, to 43% of maximum
repression. whereas RafR bound to O, resulted in merely
% repression.

These differential effects on raf A transcription by the
nearly identical operators, O, and O.. must be a conse-
quence of their position relative to the promoter ele-
ments. According to Lanzer and Bujard (1988). RNA
polymerase holoenzyme does not bind to a pretformed
operator-repressor complex located between the =10
and — 35 boxes. while binding may ke place in the
presence of an upstreamn or downstream  operiator-
repressor complex. Accordingly. RatR-complexed O,
should repress transcription of raf4 much more elticient-
[y than RafR-complexed O,. It s rather unlikely that
mutual displacement of repressor bound 1o O, and RN A
polymerase binding to promoter sequences is alone re-
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sponsible for the observed effect, as the transcription
initiation complex overlapping sequences upstream and
downstreamn of the promoter elements would similarly
interfere with complexed O,.

Superimposed on polymerase displacement, a mech-
anism of repression may be operative at O, that involves
repressor-induced twisting of operator DNA, leading 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 MerR/Hg-
MerR bound to an operator located between the — 10
and —35 boxes of the mer operon (Ansan et al. 1992).
In this model, binding of a second RafR to O, 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 O, and an acces-
sory O, site results in a very effective scheme for control-

ling transcription.
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ABSTRACT

In eukaryotic cells, RNA polymerase II- and lilI-
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 model systems, the
VAI (virus-associated) RNA gene of Ad2 DNA, and an
Alu element 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 FnuDIl (5'-CGCG-3’), or the
CpG DNA methyltransterase 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 dem (5'-CCA/
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 between
eukarvotic promoter activity and extent of promoter methylation
(for reviews 1. 2) has sumulated experiments to methylate
promoter constructs in vitro and subsequently 10 assess the loss
of their functionality upon microinjection. transfection or in cell-
free transcription svstems (3 —19). In this laboratory, we have
used viral or human cellular promoters to demonstrate that their
sequence-specific methylation leads to inactivation in different
biological systems (for review. 20).

In a functional DNA sequence. the introduction of
5-methyldeoxyceytidine residues (3-mC) will or will not modulate
DNA —protein interactions depending on the position of 5-mC
in the promoter (for review, 21). There are mammalian proteins
which specifically bind to methvlated DNA sequences (22. 23).

The relative mobility of svnthetic oligodeoxyribonucleotides
in polyacrylamide gels (24, 25). or of actual promoters (26) is
strikingly altered by sequence-speciric methylation. Methylation-
induced bending of the 359 bp H-ras promoter sequence has been
described when 60—70% of 1ts 57 5'-CG-3" dinucleotides are
modified by human placenta DNA methyltransferase. but not
when only Hpall or Hhal sites are methylated (26). It is also
conceivable that helix stability in polvnucleotide duplexes or
plasmids is affected by methylation (27-30).

In the quest to analyze the molecular mechanism, by which
sequence-specific promoter methylation interferes with
transcription, we have performed model experiments on the late
E2A promoter of adenovirus type 2 (Ad2) DNA. The in vitro
methylation of this promoter segment does not noticeably affect
its interaction with cellular proteins (31). However, when a 50
nuc promoter sequence is in virro methylated at the two
5'-CCGG-3' sequences. its binding to cellular proteins has been
strikingly altered (32, 33).

In this report, we present evidence that the late EZA promoter
of Ad2 DNA carries intrinsic. sequence-dependent curvatures
in the vicinity of its TACA signal. The introduction of 5-mC
in specific 5'-CG-3’ dinucleotide sequences can elicit detectable
changes in the curvature of the promoter sequence. Similar
findings have been documented for two control regions of the
polymerase Ul-transcribed regions. the VAI (virus-associated
RNAID segment of Ad2 DNA and an angiogenin gene-associated
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Alul element in human DNA. The impact of 5-mC on DNA
curvature is sequence-specific. does not correlate to the number
of 5-mC residues. and 5-mC can augmemt or diminish bending.

MATERIALS AND METHODS
Bacterial strains and plasmids

E.coli XL1-Blue MR (Stratagene Cloning Systems. La Jolla. CA.
USA) was used for most experiments involving cloning and DNA
preparation. The strain GM2163 (New England Biolabs. Beverly.
MA. USA) was employed to obtain dem~ and dam~ non-
methylated DNA preparations. The plasmid pAd2E2AL-CAT
(10) carries the late E2A gene promoter from Ad2 DNA (Ad2
nucleotides 25.886—26.369: ref. 34) and the prokarvotic gene
for chloramphenicol acetyltransferase (CAT). The plasmid
pVAI+II(35) contains the VAI and VAII regions of Ad2 DNA
(nucleotides 10.579—11.338); the plasmid pAngio-2 (36) the
promoter region and the 5'-flanking Alu element from the human
angiogenin gene (nucleotides 1 —1686. in the sequence of Kurachi
et al.. ref. 37). Tandem dimers of the studied DNA fragments
were obtained by standard cloning techniques. The formation of
tandem dimer constructs was facilitated by increasing the
fragment:vector ratio in ligation reactions to about 20:] and by
performing the reaction in a total volume of 10 ul for 20 min
at 37°C with 2 units of T4 DNA ligase. Calf intestine alkaline
phosphatase (CLAP)-treated vector input in these ligation reactions
was 5 ng.

Restricion enzymes used in the cloning and permutation
analyses were obtained from New England Biolabs. Boehringer
Mannheim (Mannheim. Germany), Amersham-USB (Cleveland.
Ohio USA) and MBI-Fermentas (Vilnius. Lithuania). CIAP was
from New England Biolabs. T4 DNA ligase from Strategene or
MBI-Fermentas. Plasmid DNAs were purified by using Qiagen
(Hilden, Germany) Mini- and Midiprep systems.

The in vitro methylation of DNA

Supercoiled or linearized plasmid DNAs were methylated in vitro
by the bacterial M-Hpall (MBI-Fermentas) or the M-FnuDII
(New England Biolabs or Amersham-USB) DNA
methyliransferases or by the M-SssI (CpG) DNA methyltrans-
ferase from Spiroplasma species (38) (New England Biolabs or
Amersham-SUB). NEB buffer Nr. 2 containing 160 uM S-
adenosylmethionine (SAM) was used in all methylation reactions
which proceeded for 2 to 4 h at 37°C using 2 units of enzyme
per ug of DNA in a volume of 10 ul. In mock-methylation
reactions, SAM was omitted. At the end of the methylation or
mock-methylation experiments. DNA was reextracted by phenol-
chloroform and ether. ethanol precipitated. washed with 70%
ethanol and resuspended at a final concentration of | pug in 10
pl of 0.01 M Tris—HCL pH 7.5, 1| mM EDTA (TE). The
completeness of methylation was proven by the failure to be
cleaved with Hpall or Sacll or by determination of the nucleotide
sequence. In the pAd2E2AL-CAT construct. two M-FnuDII
recognition sequences in the E2AL promoter are included in Sacll
sites. Sacll is inhibited by M-FnuDII methylation.

Polyacrylamide gel electrophoresis of DNA

The electrophoretic mobility of DNA fragments was assessed in
5-10% polyacrylamide (acrylamide:Bis 39:1) gels (250
400x130x 1 mm). Gels were run for 12—~18 hat 25-30 mA
at 4°C. In gel electrophoresis. 40 mM Tris—acetate. pH 8.0,
I mM EDTA (TAE) butfer was used with constant bufter
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recycling to prevent its exhaustion during separation. The DNA
in gels was stained for 10 min in | gg of ethidium bromide per
ml solution in TAE. destained for 20-30 nun in water and
photographed on an UV-transilluminator by using an orange filter
and Polaroid 665 positive-negative film. In parallel. computer
images of gels were taken with a Cybertech CA-1 videocamera.
Even slight anomalities in DNA structure could be readily
documented by changes in mobility under the conditions chosen
for gel electrophoresis. Apparent fragment lengths were estimated
using a CAM program for computer images of gels (Cybertech.
Germany). For calibration. DNA fragments with normal
electrophoretic mobility in polvacrylamide gels corresponding
to their actual 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 IS5 and rafR
gene (40). The following fragments yielded a straight calibration
plot fo distance migrated in gel versus length (Ig) in base pairs
(bp): the 929, 383 and 121 BstNI fragments of pBR322 DNA.
the 597 bp BamHI/Nrul fragment of pBR322 DNA. the 475,
292, and 238 bp BstNI fragments of pBR329::185 DNA. and
the 188 bp Pstl fragment of pRU984 DNA (41).

RESULTS AND DISCUSSION
The promoter of the late E2A gene of Ad2 DNA 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 structural
alterations of this sequence. Even subtle structural differences
between different DNA molecules can be documented by changes
in the electrophoretic mobility in non-denaturing polyacrylamide
gels (42, 43). Such minor structural differences in the curvamre
of DNA may be enhanced by methylation and hence more easily
detectable. The altered mobility of curved DNA fragments has
been attributed to their reduced end-to-end distance and increased
effective diameter (44, 45). Diameter changes presumably are
more striking when the curvarure is located close to the midpoint
of the molecule.

The late E2A promoter fragment of Ad2 DNA (AdZE2AL)
was cloned as tandem dimer and was cleaved with different
restriction endonucleases. that cut once per monomer. thus
generating a set of differentlv permuted promoter sequences. The
bent part of the DNA was then located tn ditferent parts of the
linear molecule (44). In the evaluation of the results adduced by
gel electrophoresis experiments. the coetficient R was
calculated as M,/M,, i.e. the apparent versus the real (sequence)
length of the molecule.

The map of the 490 bp late E2A (E2AL) promoter fragment
of Ad2 DNA from plasmid pAd2E2AL-CAT (10) (nucleotides
25.886—26,369 plus seven nucleotides from the vector: ref. 34)
is shown in Fig. l1a. This DNA sequence contains 34 5'-CG-3’
dinucleotides, which can be in vitro methylated by the CpG DNA
methyltransferase (M-Sssl: ref. 38). 3 recognition sequences each
for the Hpall (5'-CCGG-3") and the dem (3'-CC(A/T)GG-3")
DNA methyltransferases. and 2 sites for the FnuDII
{5-CGCG-3") DNA methyltransferase. Tandem dimers of the
E2AL promoter sequence were generated by cloning this 490
bp HindIII fragment, its 364 bp Pstl subfragment. or its 220 bp
Mspl subfragment into suitable sites in the vector plasmid



2570 Nucleic Acids Research, 1994, Vol. 22, No. 13

o

Pui )

=
o
£

Hind 111

Pvull

Mspl. 220% h,_p,'_
T Pul, 364bp.

ol

125

11§ =

so0 b.p.

Permut.
sites

Pstl

Aatll

Bbs1
| Hgal

Pst]

Apal
Sacl

|:
{

———— e

Mun [
Hgal
Bbs [
Bsu36 1
Aatl '—
Pst1

pro ) Ty iy =

[T
|
|

‘I:‘
SI
= |
L il
{E?.
Vo it ¥

64

2
"

Munl ¢ % ¢ f__ . »
l-]gaI bl Wit i -
Bbs 1 b | - ~ T

N ) i S =

Bsu36 | [5 i E———— :

Aat Il

Pstl V——m—«—

Dimer of E2AL promoter 364 b.p. Pst I fragment

Figure 1. Localization of sequence-dependent bending motifs in the E2AL promoter of Ad2 DNA. (a) Structure of the 490 bp Hind[I fragment carrving the EZAL
promoter in the pAd2E2AL-CAT construct (10). The restriction sites used in the cloning of subfragments and in the permutation analyses are indicated above the
promoter svmbol. Additional sites used in the permutation analvses of the 364 bp Psil or the 220 bp Mspl subfragments are indicated below the promoter symbol.
Locations of the Mspl and Pstl subfragments are designated by thin lines. the sequence part deleted in pA46-CAT by a solid bar. Explanation of other symbols:
& . recognition sequence for M-Sssl: ¥, M-Hpall: & . M-FruDI: #. dem methylase: «J . cap site of E2AL promoter. The sequence part included in the doughnut-
shaped symbol carries the sequence-dependent bend: the dashed oval refers to a minor putative bending mouf. The numbering of nucleotides starts with the first
A in the HindIIl recognition sequence. (b) The electrophoretic mobility of the permuted sequences from the tandem dimer 364 bp Psu E2ZAL promoter subfragment
in a non-denaturing 8% polyacrylamide gel. Identical lengths marker fragments were coelectrophoresed as internal standards in each lane. Restriction enzymes used
10 create permuted sequences were indicated beneath the ethidium-bromide stained gel. A scheme of their distribution in the tandem dimer of the 36+ bp Psd fragment.
with the DNA bending motifs in the doughnut-shaped symbol or in the dashed oval were also presented. Marker fragments migraung in the polvacrylamide gel
according to their actual sequence lengths were indicated on the right: M1—475 bp: M2—383 bp: M3—292 bp. Arrow denotes the virtual position in the gel of
the unbent 364 bp fragment. (c) Ry curves for the 490 bp HindIIl (- A-A-), 364 bp Pst (-®-®-), or the 220 bp Mspl (- ¥-¥-) tandem dimer fragments. The

apparent lengths of these molecules were estimated by electrophoresis in 8% polvacrylamide gels run ac 4°C. The deviation bars in these measurements were =
0.02 to maximally = 0.03.

pBS(+). The ensuing constructs were termed pdH490, pdP364
or pdM220, respectively. When these tandem dimer constructs
were cleaved once by single site-cutting restrictases. unit length
fragments with permuted nucleotide sequences were produced
(graphic scheme in Fig. Ib). These fragments migrate identically
in [ % agarose gels or in 8% polyacrylamide gels electrophoresed
at 65°C (data not shown).

However. at 4°C the permuted EZAL promoter fragments
excised from the pdP364 construct migrated in an 8%
polyacrylamide gel with velocities corresponding to apparent
molecular lengths between 395 and 445 bp (photograph of
ethidium bromide-stained gel in Fig. 1b). The fastest migrating

fragments were created upon cleavage with Aadl or Bsu36l.
Hence. the major sequence motif responsible for DNA bending
appeared to be located in a region between these sites which
contains the TACA sequence of the E2AL promoter. These
deviations in gel migration could be reproduced in more than
LS different experiments. The Ry values thus determined for a
number of different E2AL promoter fragments were graphically
summarized in Fig. lc. Gel concentrations between 3 and 10%
yielded very similar results, with the R, values decreasing at
lower concentrations. The TAE bufter vielded more distinct bands
in electrophoresis experiments than other buffer systems (data
not shown: see Materials and Methods for butfer concentration).



Nucleic Acids Research, 1994, Vol. 22, No. 13 2571

a b e

Pst 1 BstX 1 Sacl Apal Pst] | BstX[| Sacl| Apal

M6 — -
2

Figure 2. Methylation of 5'-CpG-3° dinucleotides modifies bending of the E2ZAL promoter DNA. (a) Influence of Hpall (5'-CCGG-3") and dem (5°-CC(A ' TVGG-3")
methylation on the topology of the E2AL non-permutated promoter fragment. In lanes 1—4. the 490 bp HindIIl or the 364 bp Psu EZAL promoter fragment of
the pAd2E2AL-CAT construct or the 325 bp Pstl fragment from pA36-CAT (marked with *1 1o *3 on the left margin) was mixed and coelectrophoresed with 6
marker fragments (M). the restricuon products of plasmids pBR322 and pBR329::IS5. The marker fragments M, (597 bp). M. (475 bp). M. (383 bp). and M,
(292 bp) migrate in polvacrylamide gels strictly according to their actual lengths. The E2ZAL promoter DNAs in lanes | and 2 were isolated from dem™. in lanes
3 and 4 from dem™ E.coli strains. Plasmid DNAs in lanes 2 and 4 were in virro methylated with M-Hpall (H) before cleavage with HindIll or Psd. Plasmid DNAs
in lanes | and 3 were mock-methylated (O). Lanes 5 and 6: The 364 bp Psu fragments (*2). as used in lanes 3 and 4 were further cleaved with Sacl. (b) Sequence
permutations affect the impact of methvlaton-induced changes in E2AL promoter fragment topology. as determined by mobility assays i a polyacrylamude gel.
Sequence-specific DNA methyltransferases used for the in vitro modification of the pdP364 DNA were denoted above the figure: H—M-Hpall. O—mock-methylaton
with Hpall. F—=M-FnuDII. Restriction enzvmes used to generate the fragments were listed above the lanes of corresponding fragments (*). Marker fragments (M)
were included in each lane to assess the quality of separation. (¢) Changes in electrophoretic mobility of permuted sequences of the 364 bp Pstl fragment of the
E2AL promoter imposed by M-Sssl methyiation of all 5°-CpG-3' dinucleoudes. Lanes containing M-Sssl treated DNA were marked with S. lanes comaining M-Sss]

mock-methylated DNA with O.

The finding of abnormal mugration behavior of subfragments in an estimated value suggest that additional sequence motifs might
the E2AL promoter corroborated the location of the major DNA contribute to the bend topology.

bending motif in the TACA region. Fluctuations in the apparent
lengths of dimers of the E2AL promoter fragment permuted with
Bsu361I. Apol or Aatll indicate that the bend in the TACA box
region is actually formed by two distinct moufs located close to The plasmid constructs pdP364 and pdH490 were in vitro
each other (Fig. 2¢). The plateau region in the R_ curve methylated with the Hpall (5'-C~CGG-3'). or the FnuDII
preceding the Apal permuted site of construct pdH490, the Sacl (5'-*CG~CG-3"), or the SssI (53'-*CG-3") DNA methyltrans-
site of pdP364, and following the Hgal site of pdM220 suggests ferase to assess the role of sequence-specific methylaton on the
the existence of another minor curvature motif between the Munl topology of this E2AL promoter segment. The methylated

Impact of sequence-specific methylation on the topology of
the EZAL promoter

and Sacl sites. Since the R values for fragments derived from plasmids were used only when appropriate restriction analyses
the pdH490 or the pdP364 constructs are strikingly higher than confirmed complete methylation at the modified sites.

for those derived from the shorter pdM220 construct, the major For some of the experiments, a plasmid devoid of the
DNA bending motif appears to overlap the termini of the later 5'-CCGG-3' sites at positions +6 and +24 relative to the + |
fragment. The abnormal migration of DNA fragments in site of transcriptional initiation in the E2ZAL promoter was
polyacrylamide gel electrophoresis is maximal when a bent constructed. The Xbal—BstXI fragment from the pdM220
segment is flanked on both sides by stretches of about 150 bp. construct was blunt-ended with Klenow polymerase and ligated

Shorter flanking sequences decrease anomalies in migration rates. into the PpuMI—BsXI equally blunt-ended pAd2E2ZAL-CAT
For the pdM220 construct. therefore. the anomaly is reduced plasmid. The Xbal site in the pdM220 construct was derived from
compared to the longer constructs. the pBS( +) plasmid vector. In the thus generated E2AL promoter

Assigning the complex curvarure of the E2AL promoter construct (pA46-CAT), the segment between nucleotides +7 to
segment to one major bending motif close to the center of the +52 was replaced by the 5'-CTAGAGT-3' sequence from the

most slowly migrating fragments, the equation M/M, = cos pBS(+) plasmid (see Fig. 1a). This construct had only the one
a’2 (46) can be tentatively applied to quantitate the curvature. 5'-CCGG-3' site left at nucleoude —215.

Ditferent subfragments of the E2AL promoter might deviate from The E2AL promoter contains three 5'-CC(A/T)GG-3" (dem)
linearity by angles berween 40° and 70°. The tluctuations around sequences which are modified by the dem DNA methyltransferase

84
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CONCLUSION

The data presented for transcriptionally active DNA fragments.
the RNA polymerase II-transcribed E2AL promoter of Ad2
DNA. the polymerase [II-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 elicit reproducible changes in DNA
topology. Mobility assays in non-denaturing polyacrylamide gels
have been successfully exploited to document topological changes
and altered gel mobility. 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 1S5
element (48) which elicits a R value of > 2.0.

At present, we surrnise that the modulation of E2AL promoter
topology effected by 5'-CCGG-3’ methylation can influence the
fine wning of protein—DNA and protein— protein interactions
in the transcription apparatus thus that transcriptional inactivation
ensues. It appears reasonable to suggest that the 5'-AAATTT-3"
sequence, that is located immediately 5° adjacent to the TACA
motif of the EZAL promoter. represents the crucial element in
the DNA bending motif (cf. Fig. 1a). The TATA-binding protein
and the transcription factor TFIID bend DNA upon binding
(49-51). Hence, it will be interesting to investigate how the
methylation-induced changes in bending of promoter DNA will
influence the topology of a complex between the E2ZAL 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 medified sequence lies to the
center of the molecule (Fig. 2b. lanes 3—6; Fig. 3b, lanes 2.
5. 8). When the methylated sequence is shifted towards 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 cumulative effects on DNA topology.
Minor structural alterations due to kinks at different sites in the
helix may neutralize each other in their impact on the overall
structure of the molecule. These kinks can, however, facilitaie
bending or interfere with existing structural motifs in a phasing
dependent manner. The twist angle of base pair stacking may
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' (dem) sequence does not have any effect on
the mobility of the investigated DNA fragments. DNA bending
effects appear to be restricted to methylated 5'-CG-3’ sequences.
On the other hand. introduction of a N®-methyldeoxyadenosine
residue in the 5'-GATC-3' sequence by the dam DNA
methyltransferase affects bending very strikingly (data not
presented). The methylation of C residues in 5'-CG-3,
5'-GCGC-3’ or 5'-CCGG-3' sequences induces similar DNAse
I-hypersensitive sites immediately 3’ 1o the methylated nucleotide
(16, 31. 32). We have observed that FnuDIl-created
hemimethylated panterns in DNA can also lead to an enhancement
of DNase I sensitivity of immediately upstream located
phosphodiester bonds (data not shown). Thus, similar deflections
of the local DNA axis at methylated 5'-CG-3". 5’-GCGC-3" or

5'-CCGG-3" sequences may be involved in more exiensive
modulations of DNA topology in larger genome segments.
Complex effects of methylation patterns on the bending of native
DNA fragments are determined by the mutual phasing of methy|
groups and their phasing to intrinsically curved DNA motifs.
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Abstract

The inhibiting or inactivating effects of position-specific promoter methylation in different viral or human cellular promoters Ad2 EZAL. SV40.
LTR-MMTV. HSV-tk. TNFa) have been compared by in vitro 5-CCGG-3" methylation by M-Hpall or the M-SssI DNA-methyltransferase.
respectively. In most promoters. 5'-CG-3" methylation reduces activity to a few percent of that of mock-methylated controls. The number of ¥*-CG-¥’
dinucleotides in a promoter does not strictly correlate with the extent of methylation inhibition. The LTR-MMTYV promoter. which lacks ¥-CG-¥
dinucleotides. is not affected by methvlation. The late E2A promoter of Ad2 DNA cannot be inactivated by 5-CCGG-3" methylauon when the
construct carries the strong cytomegalovirus enhancer devoid of this sequence. In contrast, 5-CG-3" methylation shuts this promoter off even in the

presence of this enhancer.

Key words: Sequence-specific DNA methylation: DNA-methyltransferase: Viral promoter; Human TNFz 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 [1] 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 promoter methylation interferes with transcription
factor binding [3-6] or promotes the binding of methyl
group-dependent factors to promoter motifs [7]. 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 polvmerase II-
transcribed late E2A promoter of adenovirus type 2
(Ad2) DNA [8-11]. the E1A promoter of Ad12 DNA
[12]. the major late promoter of Ad2 DNA [13] or even
the pl0 gene promoter of the insect virus. .4utographa
californica, nuclear polyhedrosis virus DNA in insect
cells [14). The RNA polymerase III-transcribed elements
for VA (virus associated) RNA of Ad2 DNA [15] and
Alu elements from the human genome [16] are also tran-
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E-mail: doerfleri@:scan. genetik.uni-koeln.de.

**Present address: Faculty of Biology. University of Latvia, Kronvalda
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scriptionally mnhibited by the sequence-specific methyla-
tion of control sequences in these elements.

Here, we report on the results of a comparative study
testing the effects of 5-CG-3” methylation on the activi-
ties of the late E2A promoter of Ad2 DNA. the early
SV40 promoter, the LTR (long terminal repeat)-located
promoter of mouse mammary tumor virus (MMTYV), the
thymidine kinase promoter from herpes simplex virus
(HSYV), and of the promoter of the human tumor necrosis
factor (TNF) a gene. With the exception of the early
SV40 promoter. which is stronglv inhibited. 3-CG-3’
methylation practically inactivates all the other promot-
ers tested.

2. Materials and methods

2.1. Cell lines used in transfection experiments

Human HeLa cells (ATCC CCL 2). a cervical carcinoma cell line. the
human PA-1 cell line denved from an ovanan teratocarcinoma {(ATCC
CRL 1572) {17], and the Ad5-transformed human cell line. 293 [1§].
were propagated in Dulbecco’s medium enriched with [0% fetal call
serum.

2.2, Plasmids empioyed in this siudy

Table | presents an overview of all plasmid constructs used, the
promoters and the reporter genes, and lists the denivation of these
constructs.

2.3. Newly made plasmid constructs

231 pAd2-E2AL-LUY. The 490 bp Hindlll fragment carrving
the late E2A promoter of Ad2 DNA was re-cloned into the HindIl] site
of the plasmid, pGB-Basic (Promega).

2.32. pTNFREN-CAT;-LUX'.  The 632 bp Smal-EcoNI (-615

to +17) fragment from the human TNFa gene promoter [26] was

0014-3792/94/87.00 & 1994 Federation of European Biochemical Societtes. All rights reserved.
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treated with Klenow polymerasc [27] and cloned into the Sral site of
pBS” (Stratagene. LaJolla, CA. USA). From this construct. the TNFa
promoter was re-cloned into the pSV0-CAT plasmid as a Hind1I1-Ndel
fragment or into the pGL-Basic plasmid as a Hind111-Apnl fragment.

233 pTNFa HP-CAT(-LUX). The 795 bp Hpall fragment
(=592 to + 203) of the human TNFa gene promoter was cloned first
into the Accl site of the pBS”™ vector and then re-cloned into the pSVO0-
CAT plasmid as a AindIlI-Ndcl fragment or into the pGL-Basic plas-
mid as a HindI1I-Kpnl fragment.

Plasmid constructs were prepared using standard cloning techniques.
Plasmid DNAs were purified by using Qiagen (Diagen. Hilden. Ger-
many) Midi- and Maxiprep systems.

2.4. The in vitro methylation of DN A

Plasmid DNAs were methvlated in vitro by the bacterial M-Hpall
(MBI-Fermentas. Vilnius. Lithuania) or by the M-Sssl (CpG) [28]
DNA-methyltransferase (New England Biolabs. Beverly. MA. USA. or
Amersham-USB. Cleveland. OH. USA). NEB buffer No. 2 was made
160 uM S-adenosyimethionine (SAM) and used in all methylation reac-
tions which proceeded for 2—4 h at 37°C using 2 U of enzvme per ug
of DNA in a volume of 10 ul. In mock-methylation reactions. SAM was
omitted. At the end of the methylation or mock-methylation 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 1 ugin 10 2l 0f 0.01 M Tris-HCL. pH 7.5. 1 mM EDTA
(TE). Complete methylation was assessed by restricuing DNA with
Hpall or by determining the nucleotide sequence. In addition. changes
in plasmid topoisomer distributions were tested by electrophorests of
uncut DNA in 0.8% agarose gels. All enzyme preparations used pro-
duced remarkable relaxation of the supercoiled form of plasmid DNA
both in mock- and methylation reactions. Plasmid preparations with an
excess of relaxed plasmid topoisomers were not used in transfection
experiments.

2.5. Transfection and reporter gene activity assavs

Human cell lines were transfected 24 h after re-plating with pro-
moter-reporter gene constructs by the calcium phosphate precipitation
technique [29]. Amounts of 2-5 ug of plasmid DNA were used per 5
cm diameter dish of HeLa or 293 cells. and 0.5-1.0 ug for PA-1 cells.
The published protocol was applied with the following modifications:
the HEPES buffer sclution was pH 6.96: the glycerol shock step was
omitted: medium was first changed 24 h after the addition of the DNA-
Ca™ precipitates; the cells were harvested 48 h after transfection.

CAT activity was determined according to standard procedures
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[12.19} and expressed as percent conversion of chloramphenicol (CAM)
to acctylated CAM forms during a | h incubation. Activity of f-galac-
tosidase was determined according to Hall et al. [21] and expressed in
arbitrary units. LUX activity was determined using the Promega assay
svstem and a Lumat LB950] luminometer (Berthold. Bad Wildbad.
Germany). LUX activity was expressed m relative light units. Reporter
gene activities were normalized refative to the amounts of cellular pro-
tein in culture lvsates. Protein concentration was determined according
10 [30]. The data presented in the tables were tvpical values derived from
at least 3, but in most cases from 10-12 independent transfection exper-
iments.

3. Results and discussion

3.1. Aim of project
We have previously shown that the late E2A promoter

of Ad2 DNA can be inhibited or inactivated by in vitro
methyiation at the 5-CCGG-3" sequences [9,11]. 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 1ts activity
when all 5-CG-3’ sequences were methylated by differ-
ent DNA-methyltransferases and upon transfection of
these methylated constructs into different human cell
lines. We have also demonstrated that the 13S E1A func-
tion of Ad2 or of Ad5 DNA can overcome, at least
partly, the inhibitory effect of methylation in this pro-
moter [11,23]. Similarly, presence of the strong early
enhancer from human cytomegalovirus (HCMV) coun-
teracts the inactivating function of 5-CCGG-3" methyla-
tion in the late E2A promoter [24].

It has been the second aim of this study to compare
the effects of 5-CCGG-3" with those of 3'-CG-3" methyl-
ation on a series of viral and mammalian cellular pro-
moter constructs to underline the fact that results derived

Table 1

Plasmid constructs used in transcription experiments®

Plasmid Promoter Reporter gene Reference
pSV2-CAT S$V40 early CAT [19]
pSVO-CAT none CAT [19]
pBLCAT2 HSV tk CAT (20
pCHII0 SV40 early S-Gal [21)
pMMTV MMTV-LTR f-Gal 22
pAd2E2AL-CAT E2AL CAT 23]
pAd2E2AL-HCMV-CAT E2AL+HCMV CAT [24]
pAd2E2AL-HCMV (Bam-CAT) E2AL-HCMV CAT [24]
pGL-Control SV40 early LUX Promega. Madison. WI. USA
pGB-Basic none LUX Promega
pAd2E2AL-LUX E2AL LUX This work
pTNFa-EN-CAT P-TNFa CAT This work
pTNFa-HP-CAT P-TNFz CAT This work
pTNFa-EN-LUX P-TNFa LUX This work
pTNFa-HP-LUX P-TNFa LUX Thus work
pE2AL-446-CAT E2A-46 CAT [25]

Promoters: SV40 early. Simian virus 40 carly region of transcription; HSV tk, Herpes simplex virus thymidvlate kinase; E2AL. adenovirus type 2
late E2A gene promoter: pTNFa, human tumor necrosis factor a gene promoter; MMTV-LTR. mouse mammary tumor virus long terminal repeat:
HCMYV, human cytomegalovirus immediate early enhancer; Reporter genes: CAT. chioramphenicol acetyvitransferase: LUX. firefly luciferase: -Gal,

bacterial §-galactosidase.
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Table 2
§-CpG-3” methylated E2A late gene promoter is inactivated

Cell line used for transfection

Plasmid Methylation by
construct DNA-methyltrans- (% activity)”
ferase from

HeLa PA-1 293
pAd2-E2AL-  M-Hpall 20 25 100
CAT M-Sss] <1 2 1
pAd2-E2AL-  M-Hpall 100 100 ND*
HCMV-CAT M-Sissl <1 3 ND
PAd2-E2AL-  M-Hpall 100 100 ND
HCMV(Bam)- M-Sssl 2 3 ND
CAT

*Activities of promoter constructs were expressed as percent activity of
mock-methylated promoter. which was arbitrarily set at 100%.
®ND = not determined.

from viral promoter systems are valid for human cell
promoters as well.

3.2. The methviation 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 E2A promoter of Ad2 DNA by the M-
SssI DNA-methyltransferase from Spiroplasma spp. in-
activates this promoter, even in the presence of the
HCMYV enhancer. As described earlier [24] and recon-
firmed by some of the resuits in Table 2, 5-CCGG-3’
methylation by the M-Hpall DNA-methyltransferase
does not even slightly affect the activity of late E2A
promoter—CAT gene constructs which contain the strong
HCMYV enhancer. These data can probably be explained
by the fact that the HCMYV enhancer [31] does not carry
a single Hpall site. but seventeen 5’-CG-3 dinucleotides
which render it susceptible to M-SssI methylation. The
silencing of the late E2A promoter of Ad2 DNA by
complete 5-CG-3" methylation cannot be overcome ei-
ther by the E1A adenovirus functions which are constitu-
tively expressed in the human cell line, 293 (Table 2). In
contrast, the inhibitory effect of 3-CCGG-3’ methyla-
tion of the late E2A promoter by the M-Hpall DNA-
methyltransferase is counteracted by the E1A functions
present in 293 cells. The transactivating effect of the E1A
138 gene product on the late E2A promoter [11] is obvi-
ously compromised when all 5-CG-3" dinucleotides are
methylated.

It should be mentioned that the absolute strength of
the three promoter constructs presented in Table 2 differ
and is highest in the human PA-1 teratocarcinoma cell
line. The presence of the HCMV enhancer in two of the
unmethylated constructs raises their absolute activities
by a factor of about ten (data not shown).
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3.3. Different promoters differ in activity upon
transfection into human Hela cells

Prior to determining the effect of 5’-CG-3" methylation
on different viral and human cell promoters. the relative
activities of these promoters were assessed in combina-
tion with three different indicator genes upon transfec-
tion into human HelLa cells. The relative values are jux-
taposed in Table 3 and demonstrate the following:
(1) 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. B-Gal. or
LUX). The early SV40 and the HSV tk promoters have
higher activities with the CAT reporter gene. (ii) Two
slightly differently designed human TNFa gene pro-
moter constructs exhibit appreciable activities, similar in
conjunction both with the CAT and LUX gene reporters.

3.4. The human TNFa gene promoter is expressed in
human epithelial cell lines and is completely
inactivated by 3’-CG-3" methylation

In both human HeLa (Table 3) and PA-1 cells. 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-
chandes (data not shown). As shown by the results of
5’-CG-3" methylation experiments in Table 4, the human

TNFa promoter ts almost completely inactivated by this

modification.

3.5. Promoter inactivation by 3'-CG-3" methylation: a
comparative studv
The presentation of data in Table 4 correlates the

Table 3
Relative activities in HeLa cells of different promoters with the same

reporter gene

Promoter*  Number of Relative strength of promoters in Hela
5-CG-3’ cells with ditferent reporter genes
dinucleo-
tides®

CAT 58-Gal LUX

E2AL 11 1 ND¢ 1

E2AL-46° 11 0.3 ND ND

TNFa-EN 4 2 ND 3

TNFa-HP 4 0.5 ND 5

SV40 early 7 300 3 10

MMTV 0 ND [ ND

HSV tk 16 10 ND ND

*Relative strength of promoters was compared 1n constructs carrying
different promoters but the same reporter gene.

"Number of 5-CG-¥ inucleotides in 120 nucleotides upstream from the
cap site.

“In this promoter construct. the nucleotide + 710 + 32 sequence relative
to the + [ cap site in the fate E2A promoter encompassing the + 6 and
+ 24 ¥-CCGG-3 site was deleted [25].

“ND = not determined.
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Table 4
A comparison of the sensitivities of different viral and human cellular
promoters to inactivation by 5-CG-3" methylation

Promoter®  Number of 5-CG-3°  Reporter gene

dinucleotides®

CAT f-Gal LUX
E2AL 11 <1 ND* <1
E2AL-446' 11 <] ND ND
TNFa-EN 4 <1 ND <1
TNFa-HP 4 <1 ND 5
SV40 early 40 50 20
MMTV 0 ND 100 ND
HSV tk 16 2 ND ND

*Activity of CpG methylated promoters was expressed as percent of the

mock-methvlated counterparts.
*Number of 3-CG-3’ dinucleotides in 120 nucleotides upstream from

the cap site.
‘ND = not determined.
“In this promoter construct. the + 7 to + 52 nucleotide sequence in the

late E2A promoter was deleted [25].

number of 3-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 moderately 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" methylation: its activity remains una-
bated.

It 1s plausible to suggest that the sensitivity of a pro-
moter to 5-CG-3" methylation depends crucially on the
position of these sequences relative to essential protein-
binding sites and less on the absolute number of these
sites. It would be premature to speculate on the possible
sites affected by 5°-CG-3’ methylation in each of the
promoter constructs investigated. This comparative
study demonstrates that viral and cellular promoters are
similarly affected in their activities by sequence position-
specific DNA methylation.
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Abstract

We examined the effects of the immunomedulator-adenylate deaminase (E.C. 3.5.4.6) from Penicillium lanoso-viride on
experimental mice infections. Prophylactic intraperitoneal administration of adenylate deaminase (ADA) increased survivai
time and numbers of survivors after infection with Salmonella typhimurium, Pseudomonas aeruginosa and influenza A
(H3N2) virus. Protection against influenza virus after intranasal ADA application was also observed. The influence of ADA
was time and dose dependent. The most pronounced protection was obtained by administration of 3 U ADA /mice 24 h prior
to infecion. ADA had no antibiotic effect against these bacterial strains. Protective etfects of ADA were swdied in
immunosuppressed mice under different regimes of treatment including cyclosporin A and trypan blue. The results indicated.
that the protective effect of ADA is of a complex nature and probably depends on both T-cell and macrophage components.

Keywords: Adenylate deaminase: Immunomodulation: Infections

1. Introduction

Activation of host defense mechanisms by natural
immunostimulating agents is an attractive alternative
1o established methods of treating of infectious dis-
eases. Particular attention has been given to sumula-
tion of resistance in cases of microbial infections and
tumnours. Potential pathogens used in integrated mod-
els are non-toxigenic bacteria. viruses. parasites and
fungi (Azuma and Jolles, 1987).

Non-specific adenylate deaminase (E.C. 3.5.4.6)
is a glycoprotein produced by microscopic fungus

' Comesponding author. Tel: =371-7-322914, Fax: = 371-7-
330291,

Peniciliium lanoso-viride during a particular phase
of growth. i.e., conidia spore formation. A highly
productive strain was selected and methods of isola-
tion and purification were elaborated in our labora-
tory (Revelina et al., 1981: Nikolajeva. 1982).

In vivo studies on experimental animals have
demonstrated that purified adenviate deaminase
(ADA) has immunomodulating properties. Both
cell-mediated and humoral immunity reactions were
affected by ADA administration (Zak et al.. [9%¢;
Nikolajeva and Muiznicks. 1983),

The present article describes ADA-enhanced host
resistance (o selected infectious agents. Examples of
acute  experimental mice nfections  involied
Sulmonella ryphimurium, Psewdomonas aeruginosa

Qe2-3109,/96 /S13.00 Copynght © 1996 Elsevier Science B.V. All nghts resernved.
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and influenza virus A.

2. Materials and methods

2.1, Animals

Conventional female inbred CBA and outbred
ICR mice weighing 18 to 20 g (Grindex, Latvia)
were used. Mice were fed a balanced mouse pellet
food (Grindex) and water ad libitum.

2.2, Infectious agents

Salmonella typhimurium ; Soetfer, 1892; Castel-
tani pad Shelmers,-1519) strain LT-2 ‘was received
from Dr. B. Rak University of Freiburg (Germany);

Pseudomonas aeruginosa Sebrester, 1372 Mg} :

90, from the Collection ot the Department of Mi-
crobiology University of Latvia; influenza virus

A/Aichi (H3N2) was obtained from the Institute of

Microbiology Latvian Academy of Sciences.

2.3. Drugs

ADA (adenylate deaminase) was isolated from
cell extracts of conidia forming cultures of Penicil-
lium lanoso-viride. 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 pmol of 5-AMP to 5-IMP per min
at 37°C, pH 6.0. Electrophoretically homogeneous
enzyme preparations with specific acuvity 50 U per
mg protein were freeze-dried. Prior to application the
enzyme preparations were re-dissolved in 0.9%
saline. Apyrogenic ADA preparations were obtained
using prepacked columns of Detoxi-gel~ endotoxin
removing (Pierce) and non-pyrogenic Minisart®
NML (Sartorius) single use filters.

Cyclosporin A (¢ <losporin or Sandimmun. San-
doz, Basel, Switzerland) concentrate for intravenous
infusion containing 50 mg ci:losponn per | ml, 650
mg polyoxyethvlated castor oil. 33% alcohol by
volume. Trypan blue (Sigma) was dissolved in wa-
ter.

V. Nikolajeva et al. / Immunopharmacology 00 (1996) 000-000

2.4. Treatment of animals

S. typhimurium was administered intraperitoneally
1.0 X 108 CFU (colony forming units) per mouse, P.
aeruginosa 1.7 X 107 CFU per mouse. The
pathogenicity of strains (LDs,) was previously deter-
mined. Influenza virus A (H3N2) was given by
intranasal application 5 LDs,/0.05 ml per mouse.
Virus infectivity was assayed by determining the
LDg,. In experiments with S. typhimurium and P.
aeruginosa female CBA mice were used, but in
experiments with influenza 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 volume of 0.10-0.25 ml.
In the case of intranasal administration, ADA was
used in doses of 50 or 250 U per kg in a volume of
50 pl. Trypan blue was given subcutaneously: the
first dose was 4 mg per mouse and subsequently 1
mg per mouse was given twice a week during the
course of experiment. Cyclosporin A was adminis-
trated subcutaneously in a dose of 50 mg /kg per day
during the course of experiment.

2.5. Stanistics

Significant differences between control groups and
treated groups were calculated by the Student t-test
and y° test.

3. Results

3.1. Protection against S. nphimurium infection by
ADA

When ADA was administrated 24 h prior to §.
typhimurium infection. all doses (10. 50 and 230
U/kg) protected the experimental mice against in-
fection. The effect was dose dependent (Fig. 1)
Survival in the control groups were 40, 60¢% in the
group with 10 U/kg ADA and 80‘%C in groups with
50 and 250 U /kg.

Survival in the groups which received 50 and 230
U/kg of ADA was similar. theretore we used the
dose of 150 U/kg in subsequent experiments. The
optimal timing for prophylactic application of ADA

(V] 2



V. Nikolajeva et al. / Immunopharmacology 00 (1996) 000-000

100

o

&%
ave

.:'A'.
o7
X3

>,

L)
)
)

Yy
55

(-}

v,

v,

X )
00:

750
X

o

i
55

X

o',
0’0

Survival, %
3

A;‘

X

()
)
D

-y

3

(-3

o

)
D
X7

‘0

o

X
-
X

.

>

Dl

X
C)

3

.h.oh
L

X

>,

X

.

5
...

0702070,
ae

XX

TR

8
%

(-Y
CICNC)

)

3

'’
.

;0

a
)

<

.,
&

X
X

X
-

>
s
o

e

-
e
75

TR
)

e 0662

L)
)

)
5

24 36 48
Hours after Salmonella infection

0  Saline &  ADA,10U/kg

&  ADA,SOUKg ADA, 250 Urkg
Fig. 1. Dose-dependent effect of ADA treatment on survival of
CBA mice 24, 36 and 48 h after S. ryphimurium infection. A 10,
50 or 250 U /kg dose of ADA was administrated intraperitoneally
24 h before S. pyphimurium infection. S typhimurium was given
intraperitoneally 1.0% 10® CFU per mouse. Results represent the
means 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 comparson to the control group. Here the
average life ume is prolonged or the acute mortality
rate is decreased (Fig. 2).

3.2. The protective effect of ADA against P. aerugi-
nosa infection

In the experiments with P. aeruginosa (ip. infec-
tion) the dose 130 U/ke of ADA was used | day
prior to giving the infective agent. The observations
were carried out for 3 weeks (Table 1). Lethal cases
were observed during the tirst 10 days. In the control

100
) r A
o 80
>
]
_?
g 60
=
17 »]
40
20
0
0 24 48 ] 9
Hours after Salmonella infection
—{— Saline =~ ADA, 0day

—— ADA, -1 day —ﬂ-— ADA, -3 days
Fig. 2. Dependence of survival of CBA mice on ADA administra-
tion afier S. ryphimurium infection. A dose of 150 U/kg or 3
U/mice ADA was intraperitoneally admunistrated 72 h (day —32)
and 24 h (day —1) prior to or simultaneously (day 0) with §.
nphimurium infection. S. nphimurium was given intraper-
toneally 1.0x 10* CFU per mouse. Data are from one representa-
tive experiment out of two. Each group consisted of 10 animals.

group. survival was 10%, while 67% of ADA-treated
mice survived.

3.3. The effect of cvclosporin and trypan blue on S.
nphimurium infection

ADA was administered to infected mice in combi-
naten with cyclosporin and trypan blue, prior to S
rvphimurium infection, Cyclosporin was injected be-
ginning on the day of infection (day 0) or beginning
2 days prior to infection (day —2). The survival rate
in experiments without cyclosporin was 50%. but
with cyclosporin and ADA beginning on the day of
infection. survival was 25% (Table 1). If treatment
with cyclosporin was started 2 days prior to giving
the mfecuous agent. the average life tme was not
diminished in comparison to the control group re-
ceiving saline (days 1.8 and 2.0, respectively). Pro-
tecuve effects of ADA application were only par-
tally abrogated by cyclosporin. Average life time in



groups receiving both drugs before the infection was
4.8 days.

Trypan blue treatment also begun 2 days prior or
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 time. 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 similar to that with
Table 1

Survival of CBA mice treated with ADA and immunosuppressors
at different times of S. typhimurium and P. aeruginosa infection

V. Nikolajeuva et al. / Immunopharmacology 00 (1996) 000-000

S. typhimurium. 10% of control mice receiving 0.9%
saline, survived (Table 1). All mice trecated 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. Protective activity of ADA against influenza
virus infection

We tested the impact of ADA upon the survival
of mice after intranasal infection with 5 LDy, in-
fluenza virus. The ADA preparation was adminis-
trated before and after virus infection following 3
schemes: (1) —72 h; —24 h; +4 h; +96 h: (2)

Survival (day 21)

No.Groups
P. aeruginosa infection  S. typhimurium infection
Number® % P (%) Number® % P¢(%)
| Saline 3/30 10 - 0/24 [
2 ADA 12/18 67 <001 12/24 50 <0.01
3 Cyclosporin 0* 3/18 17 >0.1 0/24 0 -
4 Cyclosporin —2? 3/18 17 >01 0/24 o -
5 Saline 3/30 10 - 3/30 10 -
6 ADA 12/18 67 <001 15/18 83 <001
7 Trypan blue 0° 0/18 0 0.1 0/18 0 0.1
8 Trypan blue —2° 0/18 0 0.1 0/18 0 0.1
9 Cyclosporin 0%, saline 3/18 17 - 0/24 0o -
10 Cyclosporin 0°, ADA  15/18 83 <001 6/24 25 <0.0!
11 Cyclosporin —27, saline 3/18 17 - 0/24 0 -
12 Cyclosporin —2*, ADA 3/18 17 - 0/24 o -
13 Trypan blue 0%, saline  0/18 0 - 0/18 0o -
14 Trypan blue 0*, ADA  6/18 33 <001 0/18 o -
I5 Trypan blue —2° saline 0/18 0 - 0/18 o -
16 Trypan blue —2°, ADA 6/13 33 <001 0/18 0 -
* Beginning of treatment.
® Total survivors /mice challenged.
‘X test,
- not applicable.
Significance of the differences was calculated between control
groups (row 1) and test groups (row 2-4) as well as taking

matching groups of suppressed control and suppressed /ADA
treated groups.
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—24h; +4h; +96 h; (3) —24 h; ~0.5h; +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 out using this scheme.

In all cases-intraperitoneal or 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 ml ADA solu-
tion 2 mg/ml (100 U/ml) and placed on Mueller—
Hinton agar on which S. typAimurium or P. aerugi-
nosa was plated. Chloramphenicol served as a con-
trol substance for effective inhibition of salmonella,
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
well 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. humoral anti-
bodies (immunoglobulins) are effective against ex-
tracellular infectious agents, whereas cell-mediated

Table 2
Protective effect of ADA in mice challenged with intluenza virus

A

immunity (delayed hypersensitivity and granuloma-
tous reactions) control the intracellular parasites.
Both, humoral and cell immunity provide protection
against viral infections (Sell, 1987).

A number of immunomodulators exhibit a wide
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, [981). 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 complications after
surgical manipulations (Williams et al., 1991).

In contrast, some immunomodulators may even
exacerbate the course of infections, like application
of tilorone in experimental bacterial infections, where
resistance is mediated mostly by cellular immunirty
(Collins, 1980).

We discovered and partially characterized im-
munomodulating properties of ADA. In our experi-
ments, both #h vivo and in vitre tmmunogenic and
mitogenic properties of ADA were elucidated. ADA
induces both specific and non-specific immunostimu-
lation {Nikolajeva. 1982). The influence of ADA on
anubody formation and the delaved 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 /serum elements (neutrophil leuco-
cvtosis, concentration of bilirubin, as well as the
activity of aminotransferases) were caused by the

Form of injection ADA (U/kg) Number of animals  Surviva (%) P values
Saline  ADA
ntraperitoneal 250 10 20 60 < 0.01
intraperitoneal 50 10 20 60 <00l
intranasal 50 10 20 SO <001
intranasal 250 10 30 100 <0.01

The intranasal infectious dose of virus was 5 LD, /0.05 ml.

N
A



ADA injections (Kamradze et al., 1990; Polivkova et
al., 1989). We have observed that ADA decreases
the 5'-nucleotidase activity of mice peritoneal
macrophages, which infers an activation of
macrophages. Cytotoxic activity of ADA-activated
macrophages was increased, as judged by 5-*H-
uridine release during marked ascitic leukaemia P3838
cell lysis (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 not studied till now.

We studied 4n vivo £ffects of ADA in experimen-
tal infections of immunologically competent and
suppressed mice. Salmonella typhimurium, which is
controlled mainly by cell-mediated immunity, and
Pseudomonas aeruginosa, which is controlled mainly
by humoral immunity, were chosen for bacterial
infection models. Influenza virus A was used to

- mode] in_vivo ~viral infection.

The data clearly demonstrate that ADA adminis-
tration significantly enhances Jong-term survival in a
murine model of S. typhimurium and P. aeruginosa
infection. The greatest protective effect was observed
with prophylactic treatment 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 bactenal ri-
bonuclease (Indulen et al., 1989). Intranasal RINase
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 al., 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 A-treated mice models (Table I). Trypan
blue eliminates macrophages (Kraus. 1987). but cy-
closporin A suppresses lvmphocytes (Dos Reus and
Shevach. 1982) through blockage of T-cell activation
and production of IL-2. Tentatively. cyclosporin A
can switch the immune response induced by antigen
from humoral to a cell-mediated mode (Bretscher

V. Nikolajeva et al. / Immunopharmacology O (1996) 000-000

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 1). When cyclosporin A
was administrated prior to ADA, enhanced survival
was not observed, although 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 relieved 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 time, but not
to survival of the animals.

These observations indicate that, although ADA
exerts strong macrophasge-directed effects, its protec-
tive activity in vivo probably relies on a strong
T-cell mediatéd component. A definite augmentation
of antibactenial resistance bv 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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COH3 COBETCHKMX COLMATMCTHUHECHWUX PECMYBIMK

TOCYJIAPCTBEHHbBIA KOMUTET CCCP
M0 NEJAM H3OBPETEHHH H OTKPBHITHH

ABTOPGROE CBHAETEALCTS0
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"Cocol MOJyJYEeHAA NPOR3BOTHHX TMIIOKCaHTAHA"
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BasmMa PoGepToBHA, DaHCEA#X AJIEKCaHOp BopacomBdd X
Maypresa XeJleHA AHTOHOBHA
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TOCYIAPCTB YHIBEPCUTET VM. II.CTYIKA

3asBka Ne  ommaops3  [lpnoputer uaoGperenus 91 Mapra 1979r.

Saperncrpaposaro B I'ocysapcrsemszonM peectpe
naobperesuit CCCP

22 mas 1980r.
JleficTBHE ABTOPCKOro CBILIETEILCTBA  PACNPO-
CTpaHseTCs Ha BClo Tepputopiio Coiwosa CCP.
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LATVIJAS REPUBLIKA PATENTU VALDE
PATENTS N~ 5057

HIPOKSANTINA ATVASINAJUMU IEGUSANAS PANEMIENS

IESNIEGUMA N*, P-92-246
IZSNIEGSANAS DATUMS 02.12.92
PRIORITATE 21.03.79
Starptautiskas klasifikacijas indekss: C12D 13/06
PAMATOJUMS PSRS autoraplieciba N*. 764385
PATENTA TURETAJS: LATVIJAS UNIVERSITATE
AUTORI: [.Muiznieks
V.Revelina

A.Safranskis

H.Maurina

ANOTACIJA

Izgudrojums attiecas uz mikrobiologisko riipniecibu - uz inozina un inozina
atvasindjumu  ieguSanu, mikrobioloZiski  dezamin&ot attiecigos  adenina
atvasindjumus. Adenina atvasinajumus apstrada ar mikrosklopiskas sénes Penicillium
lanoso-viride 8D Sunam. Izstradatais papémiens atSkirds no zinamajiem ar

vienkar§ibu un palielinatu galaprodukta iznakumu.

103



COH03 COBETCKMX COLMAIMCTHUHECKWX PECMYBJIMK

TOCYIAPCTBEHHBIH KOMHUTET CCCP
MO0 JEJAM M30BPETEHHH M OTKPHITHH

ABTOPCHOE CBHAETENbGTEO

Ha ocHoBanuu monHOMOuHit, npegoctasieHHbix [IpasureisctBoM CCCP,
~ Tocynapcrennniit Komuter CCCP no jgeram u3oOpereHuit i OTKpHITHI
BbIJa! HacTosfluee gBTOPCKOE CBHAETENLCTBO Ha H300peTeHHe:

"liraMM % iocllium £ souzeedle 8 Ii-TPOLyTeHT

ANeHAIATIE 3aMABASH" =

Astop (aBropei): ’lh@mem Vunpaerc OcrapoBRY, PeBeimEs
9

Buama PoGepromHa ¥ [lafipaHcrRAY AserRcarnp bBopEcordy

3asBHTEb: .EATBH%CKHH OPI[E% TPYIIOBOI'0 KPACHOI0 3HAMEHU
TOCYIAPCTEEHHHY YHMBEPCHTET M. II.CTYUKH

on83648 [Tpuopuret 11306pemmm18 woES 19790,

Saperncrprposano B I'ocyzapcTseEHOM peecTpe
uaobperennit CCCP

25 moma 1980r.

JleficTBIle ABTOPCKOTO CBILIETEILCTBA  PACIIPO-
crpaHseTcs Ha Bcio Tepputopiio Cowsa CCP.

ITpedeedameas LMovmumema _(
Y
C
Havaanuux omoraa ”&,ﬂ/u i ?r@(/,'\
/ \{? g&
5 i

3asBKa Ne

MIIP Toawawa, 17y, Rax. 70088,
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS N, 5056

PENICILLIUM LANOSO-VIRIDE 8D CELMS - ADENILATDEZAMINAZES

PRODUCENTS

IESNIEGUMA N~ P-92-245
IZSNIEGSANAS DATUMS 02.12.92
PRIORITATE 18.06.79
Starptautiskas klasifikacijas indekss: C12N 9/80 A61K 31/00 C12R 1/80
PAMATOJUMS PSRS autoraplieciba N*. 782329
PATENTA TURETAJS: LATVIJAS UNIVERSITATE
AUTORI: I.MuiZnieks

V Revelina

A.Safranskis

ANOTACIJA

Izgudrojums attiecas uz medicinu un mikrobiologiju. legiits jauns mikroskopiskas
s€nes Penicillium lanoso-viride 8D celms - adenilatdezaminazes producents. Celms
glabajas Vissavienibas Antibiotiku zinatniski pétnieciski institiita Mikroorganismu

kultiru koleke1ja ar numuru 294 A.

111



- Focyaapcreennnit xomurer CCCP no neram wu3oOpeTeHuH u OTKPHITHH

TOCYJIAPCTBEHHBIA KOMUTET CCCP
M0 NENAM H3O0BPETEHWH U OTKPBHITHH

ABTOPCKOE CBHAETEABCTBO

NG

Ha ocHoBanum mnosHomoun#t, mnpemocraBrteHHblX [IpaButeasctBom CCCP,

BhIIaJ1 HACTOALlEE aBTOPCKOE CBHIETEJbCTBO Ha HBOﬁ}JETEHHe:
"Cmo IOJyd9eErsa KOpMOBO#% GmomaccH "

ABTOp (2BTOPH): Megyms Tymrapa PyloibHoBma, Mymemmexc (
Nenparrc OckapoBmd, PeBesnurd Bmama Poldeprosma, Maypuwra ;
Xenema AHTOHOBER, Dekep BaserTmra UpamleBEa @ YT |
Aunpuc ADHOJIBOBHY .

3asBuTenb: JTA CKIl OPIEHA TPYIOBOT'O KPACHOIO SHAMEHA
TOCYIAPCTB YHIBEPCUTET M OETPA CTY4KA

3asaBka, Ne [TpuopuTter H300peTeHHs

3366045 10meradpa 1981

Saperrcrprposaro B I'ocyaapcTseEEon peectpe
r3o6perennit CCCP

1 CGHTHGEH 1983r.

JleiicTBHe aBTOPCKOTO CBHIETEILCTBA PacHpo-
crpansercs Ha Bcio tepputopuio Coroza CCP.

ITpedcedame.s KNowmumema

Huva.avnus omoeaq > _;_:h
Bovrvyrnnd 5%?%\

R —— 4 4 .ftk\'_ {'

MIilp I'n:maa.:ll [1‘1;"!, Jan, TolAns,
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H306peTeEde OTHOCATCA K MIAKDOOZONOTUMYIECKOfl OPOMEIUISEZOCTA, a
AMEEHO K cmocofaMm NOMydeEAs XKODPMOBO:Z OROMACCH, coIepzamef GepresTw
oz Ipyrae GZONOTIIECKT aKTUBHHE BemeCTBa Ha OCHOBE HEDeDaGOTK4
EennmeBHx &CTATeNbHNX OTKOHOB. -
Orgo# 73 BazdefmAX OpOoCIeM KODMONPOU3BOICTRE HEJNSSTCA Hepe-
p@GOTKa MATONRERIT0 Hecﬁaﬂascapoaaﬁzofo DACTETEIDHOIO CHLCEA B XOD-
NOBHE LOGaERA, COICPZAmMAE HS TOJBKO 3HEPTeTAYSCHile KOMIOS2HTH, 0
2 GAONOTOIECKA AXTABHHS BE[eCTBa [I]. |
BHCOKO2RTARAIRAA NOOMYyUSETaME OSX2 X CHOJIOIIAYSCHI aXTASHIUX
BemeCcTB SBASNTCA ﬂzxpegﬁonﬂqecxze TpaCH.
zBecTer cmocol moaydeddas CEOMECCH I XODMOBHX rerel myTem
TIYOSAHACTO KYIBbTABIPOBAHMT rpﬁdaoro MTaNza 4?u2f133¢ﬁ7f£§k?%55#
24 J/ B nmTaTenbHOi cpene,comepxamneil OTXOony KaprogenenepepalaTupe:

.}

meﬁ HpOMHMHeHHOCTH [2].Ogﬁaxo rpudHO MHHBA,I,HOHyUaOT“’ o BEDZ-
mEBaHHJ mTamMg Ee COTEQRAT IOCTETOZHOTO “OFTQ“CTBa C¢I0I0TA%ECRT
aRTABANY BemecTs, Ta®k mram: /- @(f""f’ﬁ"ﬁf’ﬂ LY csameres
TONBKO MpopyueHdToM OelKa,a OpY CBOel MUSHENeSTeNBbHOCTH O Mpenylry
eT bTO.‘ib HEBHaQHTeJIbHOG KoJdnuecCTs0 I‘?I_l‘LpOJIHT?IT-IECHHX @epue:ﬂoa, qTo
BO3MOIHO JNOMB OCEADYAATS: AX CASra B 4A0M2ccCe, HO Bechya TOYIH0
BHISNATL @ OmpemeadTh #X. [loaTovmy daomacca, morydes=ad COTNacHn
A3BEeCTEOMY CIOCOdyY, : anaxrep1“"ercs HHEHVV CO'QDTEE. 1 $3QJOorTesCr

aKTABINX BemeCTE. Xpome TOTO, TepmesTanmaoHsad cpeja B ZOHTE

mecca KyIsTABIPORANIS CONepTIT Tomsk0o I8-I8 r/n1 Gmovacey /i f-
Libitn ‘{f}ni‘w}r Y7 comep=adiem 30 % demma, T.e. I T¢%:ama s
cpans
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HpmMeﬁeHne B cmocole TIyGAHEOI'O MeTOXaA KynLTaBmpOBéHﬂE TpedyeT
Gomsmix pacxoroB BJICKTPOSHEPTAN M Tella, CJAOXHOW anmnapaTypH, BHCO
KOI'0 FPOBHH-MexaHﬂaaHHH_H apToMaTd3auda s ndnnepzaﬂﬂﬁ OLOTZMANH~-
AHX ycxoéﬁﬁ KyIbTABAPOBAHAS, EHCOKOKBAMAGEZIZIPDOBEHEOTO 06CIyZIBaD~
mero IepcoHang, a TaKXe CIORHMX, JOPOTOCTOSMAX coopyaeAnil mIA
OYZECTKI CTOYHEX BOZ.

..~ MspecTen COOCOC MONY4eHA aIeSIATIe3aNARAZH C ACTONTB3038-
'Haem Poriciiiny éﬂo”'ﬁ’ - a?'&rkfzo’ﬁ) ERImIAONAE B ceCH ZYIASTEBAD

BaA®e ero NOBEPXHOCTHHM COOCOGOM H2 OTPYCRX MNeHEADNH, CHOYCEZHX

~

i;5—2,0 o0banMaMd BOTH, B TeUezZe TPeX CYTOX, BuTedeHdIs TS/ISTOTO
OpONyKTa Oy TeM OTHSISHAA MANSNdd OT [OOBEPX:HOCTY CDEemH, &0 L&3MH-
TerpapOBaERe, SKCTDarApoOBadie FepvesTa Cydersn: DaCTRCToM ¢ Iocie-
Iyomeit 05padITKON SXCTDPAKTA AXTABADORAHINM YyTAeM L3,

Omsak0 3B Z3BSCTHOM CIOOCO0e LeiesalpaBaczZzZd ACIoIs3727eS

TONBRO QepMesT amesanaTiesaniHasd, a Hemd DI CedduxX “OMIOH2STOE

tey
48]

. rpadsoro mimexas (TaxiaX Raxk Oexa, CelvesTy. IUITROAMIIA3xE 7 MCoTe

umAg

3H, BATEMIEH A Ipyrae GMONOTAYECKA aXTOBHNE B2meCcT3a) CTeHo3ATCeE
OTXOZaMl OPOZ3ZOACTEa. Kpome TOro, pPAanfoHals=Es He ACIOIS3yETeS
OCTATRA IATATENBEOS CpeImd - OZeSayHsHe oToydH.
[Jemssn Z300peTedAd ABIGSTCS OOBEUSHIAE KILMO3IOI Ie=ZIo
gaomacCH OyT3M ODOBEMEHIA KOJIAY2CTZ2a dﬂonornqecxﬂ SXTIZENX 3e7eCTS.
Ine mocTEzesad OOCTE3ISHSOE m2am B crmocode HOAYYsEis XOCLMOBOL
6AoMACCH, BR.IVYSDTSM RYJISTISZPOB2ZAS MAKPOCROLCIISCKOrD rpida 13
poma Peirger e, wa pacTATeTRHON MITATEISHE0I Ccpeae 2 MOCasIyor
<

BHCYWASAHIC OLOMKTA, B KATWSCTBE MAKLCOCHOMNI=ESCHEOrO IPITE  (ICIONES)

DT mTawi /%’/'!I(»:’j/f.’a{/ﬂ féf;fh/g' &7 7.'7;'3/11’ J,)/{”,

Cyu30CTs £300peTadId 3aRMVTIETCA B CASIy2UeM.
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KOprHﬁ opa cBoell EA3HeneATENBHOCTA OPONYIHIDYeT KOMIUIEKRC OAOJIOTHA-
YeCKA aRTHBHEX BeMCCTB, BRINYA0MAX aledanariesarisasy, IIoKoananasy
4 mporeasy.

. Kax H3BECTHO, 2ReEnNaTe3araHas3H OCYyeCTBALOT IANPOIATAIECKOe
OTHeNeEAe amAHOTPYIMTH OT aNeHANOBNX HYKJIEeOTANOB 4 amegoszHa , a
xesaﬂaﬂﬂpOBaaﬂe EeHANOBHX POJ3BONHEX AEJZSTCA [IEDEEM TaroM Ha
'nyTa ax KaTadomusMa, 9TO BECEHMA BazHO bi9)831 OITAMATEEOTO ODOTEXaHAA
9HEEPTeTAIECRAX IDOIECCOB B RIETKAX. dapAny € aTaM ¥ MHOTAX XABOT
ANX QUeHEaANATIS38MAHA32 BHIOOMHESET PeIryIATODENe (VHKOLA Ea opradi-
qécxom‘ypOB He, TPEECTOpMADYS OZOAOTAUSCKA SXTARENS &IesaJaTtHE 3
MSoHee aKTABHHE ¥ MeZee TOKCATTL2 ASO3MIOBHS NDOX3BOIHEe. [rixoani-
Ja3H CIOOCOGCTRYAT TAnpONA3y KIL&4ana IC TIDKO3H, & LIOTS4A3y IEID
JA3y0T Eacoxcmonexyﬁﬁpﬁae 0erx0B¥e BeIECTE2 IO &AZ0KICIOCT.
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|J}
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TeMIOSPRTyPe ExzZe 50°C, Op1 He0SX0TuMOCTA [E3MEIZIANT. 2 CLI5TD1
HOJIy9anT RODMOSY® TOGABKY, Comepsamyw Oeaox mo <7 % n ZVeRTyR
EHGHHHETAEBQMHHaﬂﬂm' aXTAZHSCTS IO 26“ VB/T, ImexcaviIcissd
aXTI3ZOCTS Zo 5C ¥=/T 2 mpoTeaszyDm axTHSEICTS Zo C,I YE/T.

RopvoBag noGaBza MoseT OiTB ZICOONH3082848 IIT BRITUESNT T I
MOBOil pamaod RIVIROTO DOraTord CrOTa, & TERZIe NOMEnHIX ITid, 3 Y&l
HOCTA [HIIAT.

[Tomvep I.

BHpPaMABE0T DOCeRHyY RYISTYLY, ILIA aTore C,35 I cycoz:3itli Xo-

L2
3 3 ;
EAMAY, BUD2EAORMNK 42 CYCHO0-272r2 S2XCInuci ZyIsTvpy ACrives TLleldy

N - . = - - A= - - - G — : - -t
PRV 7 ‘fl‘_,Ei 33A0T B YOIRT 18TDI, CoTEDpTFIIG® 2 o oTRvCaEl,

CVOGeZEHX 3 MI XDPAax0BSH BOMM, 3aTSM JOCERHYN X IBTyCY G0N 2danT

llo



B TepMOCTAT X Bupam@BanT rpad mpa 28% 2°C B Tegeaze 5 cyT .

: 3aTeM TOTOBAT ocabsﬂym oATaTeARHEYD cpeny. Iia sToro B 400 r
e A9 HEX oépyoeﬁ no6aBraT €00 I KOPAYHEBOI'O0 COKa JDUEDEH, OONy—
quHoro OyTeM OTIENSHIA KOPMOBOU XJIOpOMNIacTHO: ¢paxmuz Celxa oOT
3eJIEHOTD COKa JPrepaH. [[oMy<eHgyn cMech oTpyGeil fi coxa Jmmepsy
OOIBeprenT CTeprazzanad mpe 1,2  aTH B T2UeH4AS {1y .
OOCJIe OXIARNEHAd 3aceBanT DOCEeBHOU KjﬂBTypoﬁ. B nomy=edIoi Taxa:
'édpasom @epméﬁrauzoaﬁoﬁ Macce OCYIeCTBIAINT OLOIIECC SerMesTanmi,
KOTOPH IPOBOJAT MOBEDPXHOCTHNM CIOCOCOM B TepMOKameDe Ipa 28t 2¢

B ‘reuerr’e 5 ¢yT Opd BIATEOCTA 53-70 %. Jocie 22BepTeHAS [DITIECCE
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS NX 5055

LOPBARIBAS BIOMASAS IEGUSANAS PANEMIENS

IESNIEGUMA N*, P-92-244
IZSNIEGSANAS DATUMS 02.12.92
PRIORITATE 10.12.81
Starptautiskas klasifikacijas indekss: A23K 1/165
PAMATOJUMS PSRS autoraplieciba N*. 1064500
PATENTA TURETAJS: LATVIJAS UNIVERSITATE
AUTORI: G.MeZina

[.Muiznieks

V. Revelina

H.Maurina

V.Bekere

A.Upitis
ANOTACIJA

Izgudrojums attiecas uz mikrobiologisko riipniecibu - uz fermentu un citu biologiski
aktivu savienojumu saturo$as lopbaribas biomasas iegusanu. [zstradatais pagémiens
atSkiras no zinamajiem ar palielindtu biomasas baribas vertibu un biologisk: aktivo
vielu daudzumu. Lopbaribas biomasu tegist kultivéjot mikrosklopiskds senes

Penicillium lanoso-viride 8D celmu augu valsts barotne un produktu 1zzavejot.
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C0K03 COBETCKMX COUMAIMCTMHECKMX PECTYBIMK

TOCYNLAPCTBEHHBIH KOMUTET CCCP
MO0 KEJAM H3OBPETEHHUH H OTKPBITUH

NG

Ha ocHoBanuu mnoanomouust, npexocrasnerHbix [IpasuteasctBom CCCP,
locyrapctBennuit komurer CCCP no feram u300peTeHuit M OTKPBITHH

¥ BbiJa]l HACTodulee aBTOPCKOEe CBHAETEILCTBO Ha naoﬁpemuue:
Cmocol NOJyIeEES aIeHAIATHe3aMAHARH"

ABTOp_(aBTOPHL :\‘Mym'mnc wruCc OCREpOBMY, PeBesmHs
Basma I‘odep'ro)nm z I[[a@pam% bmmca% BopECOBEY

3 e1n:  JIA CKAl OPMEHA TPYIOBOTO RPACHOTO SHAMEHW
rﬁﬂ?ﬁm&mﬁ@mmr IM. IT. CTYIRY

3asiska Ne 2805614 [IpuopuTer H30OpeTeHHA|g pyme 1979r.

3aperacrpaposaso B ['ocyaapcTseREOM peecTpe
n3o6perensit CCCP

22 posdpsa 1983r.

JleficTBHE aBTOPCKOrO CBHIETEILCTBA  PACHpo-
cTpaHseTcs Ha B Tepputopino Cotosa CCP.

ITprdcedame.in IMom umr'nwp /_,__.—-;-..-—

v RUK omadeaa ; ;/T/,VM 1/ :
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MU Coawvana, 179, daw, T0-3085,
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LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS N¥. 5059

ADAENILATDEZAMINAZES IEGUSANAS PANEMIENS

IESNIEGUMA N¥. P-92-248
IZSNIEGSANAS DATUMS 02.12.92
PRIORITATE 18.06.79
Starptautiskas klasifikacijas indekss: CI2N 9/78 C12R 1/80 A61K 37/48
PAMATOJUMS PSRS autoraplieciba N*. 1082011
PATENTA TURETAJS: LATVIJAS UNIVERSITATE
AUTORI: I.Muiznieks

V.Revelina

A.Safranskis

ANOTACIJA

Izgudrojums attiecas uz mikroorganismu fermentu ieguSanu mikrobiologiska)a
rupniecibd. Izstradats adenilitdezamindzes ieguSanas pap@miens no Penicillium
lanoso-viride 8D, audz&jot to 3 diennaktis virsmas kultira uz kvieSu klijam. kas
samitrinatas ar 1.5 - 2.0 tilpumiem tdens. Galaproduktu izdala, micéliju atdalot no
barotnes virsmas, dezintegréjot, termentu ekstragéjot ar buterskidumu, apstradajot ar
aktivo ogli, ekstraktu sorb&jot uz jonapmainas svekiem un galaproduktu desorbéjot ar

0.80 - 0.81 M NaCl saturo$u buterskidumu.
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" TOCYZAPCTBEHHbBIH KOMHTET CCCP
N0 NEJAM HU3OBPETEHHH M OTKPBLITHH

@Bﬁ@ﬁﬂ@E (GB!ME!TE@ bGTEO

" Ha ocHoBanmu nonHoMmoun#t, npexoctaBteHHeix [IpasuteasctBom CCCP,
locynapcrBennniii komuter CCCP mo genam u300peTeHuii M OTKPBITHH
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COLBAASTACTHHECHHX

PECTIVE/MH
FOCYAAPCTBEHHLI HOMUTET CCCP
O ZIENAM WSOBPETEHWA W OTHPLTWA

SV, 1124033

asp C 12 N 15/00; C 07 H 21/04

A

ﬁ‘OI"IHOAHPIE MSOBPETEHMH

F{Jhl311JFKWFﬂDhﬂ\f(ﬂEﬂdﬁ“ET!ﬂﬂhﬂ:TTB\/

(21) 3555304/28-13

(22) 16.02.83

(46) 15.11.84, Bwon, B 42

(72) A.M.3unbepe, A.B.Madpanckwmit,
f.4.XaprMane, C.3J.AHc6epra,
H.0.Myitxrmexc ¥ A.A.KaMpanse

(53) 575.113(088.8)

(56) 1.
"Proc. Nath. Acad. Sci.
62, 1159-1166.

USA"”, 1965,

2. Birnboim H.C. and Doly J. "Nuc-

leic Acids Res.'", 1979, 7, ® 6,

p. 1513-1523.

i

Clevell D.B. and HelinskiD.R,

(54) (57) CHNOCOB TNOJYYEHUSA [JIAZMUIIHOA
MHK 3 MHKkpo6GHOH 6HOMAacChi, BKJDOYAaWMI
NH3IHC KIIeTOoK,
ReHHe LeJeBOro MPOAYKTA W3 Hazocamou-
HOR XMOKOCTH CHHPTOM, OYHCTKY OT
npiMecet PHK ¢ nomomww PHKazwi, o 7-
nuHyYyawmHuHHAHCHE TEM, YTO, C
Leblo yBeJTHYeHHA BhXoOa LEeseBoro mpo-
AYKTa, ITH3HC KNeTOK MNPOBCIAT MeICuMbM
PacTBOPOM HOOEUHNCYNbHATa HATODHR NDH
COOTHOMEeHHH Guomacca : GvgepHsii pacT-
BOP : MEJIOYHOH pacTEOP HOOEUWHICVIE=
dbaTa HaTtpua 1 : 19 :
Ky or PHK ocymecrsasmor FHKaa3cd =
npucvrersuH  1,0-3,0 «M 32ITA.

HeHTPpHPYrHpoBaHHE, OCax-

(37-45), a ourcr-

EEOVSIEI™ NS ™
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1 1124033 2

HaoOpeTenHe OTHOCHTCH. K OHOXHMHH
K MoxeT OuThL HCNONMBE30BAHO ANA pPEmeHHUA
HAYYHO-HCCNIeAOBATENbCKHX H NPHKIIAOHBIX
sana4 NPH BblOEJIEHHH H OYHCTKEe MNNasMHI-
noft [IHK B ynoMawyTo#t obmacTH, a4 Takxe
B MHKPOGHONOT'HH, MeOHiiHHe, TeHHOH
MHEEHEeDHH, ;

MMnasvupran JIHK asnAeTcA ob6bexToM,
HCNONMbL3YEMbIM B IeHHO# HHXeHepHH B
KayecTBe BEKTODHBIX MOMEKYNl, & TakRe
kak cyberpar gns MHOTHX (epMeHTOB,

B TOM uMCIe JH[IOHYKNIEas PeCTPHKUMH,
xax Tect-IHK.

HasecTen crnocol NMONy4YeHHS TUIaSMHI~
Ho#t JIHK M3 OakTepHanpHbIX KIIETOK. KHET}S
KH CcychieHgupoBanx® B 6ybepe, paspymanH
nH3ouuMoM, OamnnacTHole GenkH oTHeNsH
C nomombi mopmeuuncynapbatra HaTpua. Ana
OYHCTKH NpenapaTa HCNNIb30BAalH XJI0po-
dopM, H30aMuiOBREY cnHpT H deHonm. Ilo-
nonywaembist mpenapar JHK comepxuT MHOT O
npuMecedt xpomocoMansho#t IOHK u PHK (11

Hanﬁoﬁee 6MH3KHM K H3oOpeTeHH
110 TeXHHWYEeCKOH CYMHOCTH H JOCTHra-—
eMOMY pes3yNnLTaTy ABNAeTcA cnocob no-—
ITYUYeHHA KOBaJIeHTHO-3aMKHYTOH Konmle-=
Bof mnasmugHoi [THK, sxmouvanmii crne-
OyuHe cTagHH: CYCcNneHOHpoBaHHe bakTe-
PHAaNBHLIX KNeTokK B Tpuc-OBydepe co-
gepxameM rmoKo3y, NTH3onMM, HHKYOHpOBa—
uue npu 0°, nH3uC menoOuUHEM PacTBOPOM
Aopeuuncynshata HaTpufi, HEHTDanNHsau.w
CMECH aleTaToM HaTPHA H LEeHTDHBYIH—
poBanue. Ilnasmunnyiw OHK OBaxme Tepe-
OCaX[alnT CIMHPTOM H HHKYGHDYWOT C
PHKaaon [2].

Opuako gna u3sBecTHoro cnocoba xa-
PaRTepeH HeOOCTATOYHO BLHICOKHMH BBIXOO
OeneBoro NponykTa. :

Henew n3obGpeTeHHA ABNASTCA yBe-
JnueHHe BoIXoma mnmasmupgHoit [JHK.

[locTaBnesHar memp QOCTHraeTcs
TeM, YTO COTNACHO CrHocofy Noay4YeHHsn
nnasMunHoit MHK u3 Mukpobroi GHomaccsl,
BKJ/IoqawmeMy NH3HC KIEeTOK, UeHTpHpy-
THpPOBaHHe, OCaxOeHHe LeneBoro npo- 45
‘OYKTa HS HAajl0CaOOYHOH XHOKOCTH CNHUPTOM,
o;hCTRy or npimecet PHK ¢ nomombio i
PHKassl, nU3MC KIeTOK NPOBOSAT menou—
HbIM DACTBOPOM Oogeunncymsdara HATPHA
NPH COOTHOWEHMM Ouomacca : Gybepusdt -0
PacTBOpP : mMeNOYHOA PAacTBOP HOMeuHsI-
cynebdata warpua 1:19(37-45), a ouHcr-
Ky ot PHK ocymectBnsor PHKasoit B
npucytcTeuu 1,0-2,0 MM 3OTA.

Crnoco6 ocymecTBaAsOT CITe o YOmHM
o6pasoM. '

NoswmenHe BeIXoga ofecfedHBAEeTCA
98 CUeT COXPaHeHMA cyrnepCnHpaIbHOM

10

20

25

s

40

55

lad

cTpykTypn JIHK B npouecce nusuca.

lloHixeHue komMuecTsa nomeuHIcynbdaTa
HaTPHA M HATPA eQKOro, KOTOpHe B

Cpefly BBOASAITCA B ONpefefleHHbIX COOTHO=
WeHHAX, T.e. B KONHYEeCTBAX, ONpenens-
OMHX BO3MOXHOCTBH PETYJHDOBAHHA JIHSHC]
C*UeSb COXpaHeHHA KOBANEHTHO CBASAH-

_ HOM KonpueBoit nnasmunHo# JIHK, a yc;-

JIOBHA HHKYOauud obecneyHBawT pasge-
JlenHe KOBaneliTHO-3aMKHYTOR KONbIESBOit,
nnasmugHon [IHK oT GannacTHuX BemecTs.
Ycnosua nu3auca H MHKYGaundd npemoTspa-
manT peslakCanHid KOBaJjleHTHO—3aMKHYTOR
Konpuepo# nnasmugHo# [JHK B nHHefinyw
H OTKDHITYIC Konbuesyio IHK,
[Ilpeanaraemu®t cnoco6 ofGecrneuHBaeT
HaKONNeHWe KOBaJIEHTHO-3aMKHYTOH KOHB?;
ueBodt nnasmupHo# IOHK 95-96%. lpouece:
ourcTkH ot PHK nposomsaT depmenTOM il
PHKaso#t (0,8-0,81 Mxr ua 1 Mr cymdaps
PHIX DHOOHYKIIEHHOBBIX KHCJOT) B OPHCYTY
creun 1,0-3,0 MM 30TA (muuarpuesas
conb sTHIeHgHaMHH N- N = N' - N' -
—~TETPAYKCYCHOH KHCHOTH) .

" Beepenune 3[ITA nomgaBnAeT aKTHB—
HOCTE HYKJIea3, Tak Kax HYKeass
ABNANTCA MeTaNJO3aBHCHMBIMH depMeH—
Tamu, 3/TA oBsisbIsaeT HOHB MeTanna
H bepMeHTHbI! LEeHTP HHAKTHBHPYETCH.

B nmpeamaraemsix YCNOBHAX NPHCYT-
cteHe 3[ITA aKTHBHPYET KaT&IHTHYECK
cnocobuocrs PHKasw, Takx kax PHKasa
He ABnAeTCH MeTalsio3aBHCHMbM dep-—
MeHTOM. IlpHcyTcTBHe 3[[TA HanNmpoTHB
TOBLMI3ET €€ aKTHBHOCTH.

llpegnaraemuil cnoco6 Hanpasies Ha |
CoXpaHeHHe CTPYKTYpH nnasmuaHo#t [HK
KOHOHrypauHH ee uHenH, Ha npesoTepa-—
meHHe pacKPYYMBaHMA UEnH.

llemn ynepxusawoTcA BMecTe 6naroaap
ofpa3soBaHHi0c TPeX BOMAOPOOHLIX CBA3ed
Mexay ryanuHoM (GQ) u umrosusom (I)
OBYX BOOOPOMAHBIX cBA3ed Mexdy amneHHH
(A) u Tmauuom (T). OoHako cTaGHIBHO
OBOfHON cnHpan¥ B OCHOBHOM oMnpenens
eTcH B3aMMomeACTBHeM napannemnsHo-Ji
-3MeKTPOHHMX CHCTEM OCHOBAaHHH.

Npumep 1. 40 r Guomaccs
Eicherichia coli HB 101 pecycnennn
pywT B 750 r 6vdepa, cocToAmerc
u3 MM: 27TA 10, rmokosa 50, Tpuc-HQ
25, pH 8,0.

No6aenmer 1,5 xr 0,8%Z~Horo mcpett
cymsdatra watpus B 0,1 v NaOH u mepk
MEemHBAWT B TeyeHHe 5 MHH MPH KOMHAT
TeMnepatype. CMechs HefTpanuaywT no
6aBneuneM 1,075 xr 3M aunerara HaTp
pH 4,8, Octasnswr npu 0 - +4°C s Té
Hue 1 4, _Ocapmok oTmenaoT uenTphbdyrHk
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--de;HHéM.:CfﬂéﬁhéTaﬁT, copepxammui
nnasmuauye OHK, neaxms nepeocaxpanT

- oxnaxpennawM 3TaHonom (6,65 xr). MMony-

YeHHbIT . bdanOK nocde HeHTpHhy rHpOBaHHA
pecycneﬂnupynr B 50 mMn 6ydepa, cocto- 5
-smero us_mM: Tpuc-HCE¢ 10, pH 7,6,
NaC? 10, 3ATA ‘10, no6aBamoOT aKTHBH-
posauHyo PHKasy wua pacuera 50 mxr
-ra 700 Ma cyMManHbX PHOOHYKII@HHOBRIX
KMCIOT H MHKYOupyioT 30 Mim npu 37°C. 10
. Huky6ar ABaxOb! nepeocaxnamw oxJaxmeH-
"HBM STanoHoM. Ocanok PeCyCneHaHp yioT,

8 20 Mn Gydepa, cocrosmero u3, MM:
- Tpuc-~HCE 10, pH 7, 6, Nace 10,

*SOTA 10..

Kounentpamme HOHK nnasmuost onpene-
" nmeT no dopmynie -

-C = Anz&o"a x 50,

roe C - KOHUEeHTpauus Iu1a3MHOHONR

JHK, Mxr/mm;

onryyeCKasa IMIOTHOCTB MPH
onuHe BOJHH -260 HM;
KpaTHOCTh pasbaBneHHA;

koo ddHIHEeHT, COOTBeTCTIYWMHR
{ onTHYecKOl egHHHIE IMPH OIHHE " 25
ponnbi, 260 HM, Mxr/mMn;

C =0,76-40:50 = 1520 Mxr/mMn =

= 1,52 Mr/ma.

15

: 20
Aggo =
a -
50 -

O6mmt Bbxon OHK nnaamunst 30,4 mMr
npH ob6veme 20 mn 0,0767. ComepmaHhue
KOBaNeHTHO—3aMKHYTOH KONbUeBOH

OHK 957.

Npumerp 2. 40 r GuoMacChi
Eicherichia coli HB 101 pecycnennn—
pywr B 750 r 6ydepa, cocTcamero us,

30

35

3 T 1124033 , 4

nomeunscynbdara natpus B 0,1 n., NaOH
H nepeMemHBANT B TeuyeHHe 5 MHH npH

. KoMHaTHOR TeMmeparype. Cmech HefiTpa-
‘nH3ywT nobaenenuneM 1,2 kr 3M anerarta

Hatpus, .pH 4,8, _
Aanee npouecc npoBOmAT no npumepy 1,

.HO B Gydepe pna uukybauuu c PHKason
- KoHueHTpaumo 3[ATA posoasarimo 2,0 mM.

Konuentpaumo NIHK onpemenswT no

" dopMye

C = Az, 250 = 0,68-40+50 =

= 1360 Mxr/mn = 1,36 Mr/mn., -,

O6m#t Berxom JIHK nnasmunmst 28 mr
npH o6veme 20,6 mn 0,07 Z. Comepmanue
KOBANEHTHO=3aMKHYTOH KOMNbLUPBOH
OHK 95,57.

DNpumep 3. 40 r 6uoMaccs
Eicherichia coli HB 101 pecycreunu-
pywT B 750 r 6ydepa, cocToamero
u3, mM: 3ATA 10, rmoxosza 50,

Tpuc =HC? 25, pH 8,0. HNo6GasnawT

1,82 xr 0,8%-noro pnomeunnncysnpara
Hatpua B 0,1 H. NaOH u neperenusawT
B TedyeHHe 5 MHH NMpH KOMHATHOW Temmne-
patype. CMecsr HeWTpanusywT pobasne-—
HueM 1,3 kr 3M auerara HaTpH«,

pH 4,8, .

ﬂanee npouecc HpOBOﬂHTIK)FD'Mova,
HO B Oydepe gnsa MHryBauHk ¢ PHKaso#
KodueHTpaunw 30TA poeemaT zo 3,0 uM.

Kovuentpaumwo OHK naasmuzel 8 mxr,/ Mo

onpegenswT no dopMvne

C = Azw-a-SO = 0,65‘&03\_} =

= 1300 mxr/ma1 = 1,3 sr/ux,

O6mst puixon [HK nnasmuos 7,3 Mr
npH ob6beme 21,0 ma (,068%. Cosepxwa-
HHEe KOBAaNMeHTHO—3aMKHVTOI XKoMbUuezoH

Kopsertop A. 3fiMosocos

Daywiuckas uab., a. 4y

MTognucHoe

vi. [poerTtHan, =

MM: 3ITA 10, rmoxoza 50,Tpuc-HCE 25,
| pH 8,0. Jlo6asnsmor 1,7 xr 0,8%-Horo OHK 96%Z.
T
1
M N
cT
CoctaBuTtenr B, Ky3pMmMHues
ot ! PepakTop M ﬂmnmﬂ Texpen C.MuryHosa
uur 3akas szosfza Tupax 521"
B
2“‘ BHIGMH TocymapcTeenHero xoMuitetra CCCP
;_ no gesiaM H306peTexIili! H OTKpPLITIG
111 =
U 112035, Mocxkpa, K-35,
ey TTTTTTT T W T
i dunuan MMM "Marent'. r. Y&ropoa,




LATVIJAS REPUBLIKA PATENTU VALDE

PATENTS N¥. 5058

ADENILATDEZAMINAZES IEGUSANAS PANEMIENS

IESNIEGUMA N*. P -92-247
IZSNIEGSANAS DATUMS 02.12.92
PRIORITATE 05.04.84
Starptautiskas klasifikacijas indekss: C12N 9/78 CI12R 1/80
PAMATOJUMS PSRS autoraplieciba N*. 1218679
PATENTA TURETAJS: LATVIJAS UNIVERSITATE
AUTORI: V. Nikolajeva

I.Muiznicks
ANOTACIJA

Izgudrojums attiecas uz mikrobiologisko riipniecibu un konkréti - uz Penicillium
lanoso-viride 8D adenilatdezaminazes, fermenta, kam piemit iminstimul&josa
tedarbiba, iegiSanu. Izgudrojuma meérkis -  Penicillium lanoso-viride 8D
adenilatdezamindzes imianstimuléjosds aktivitites  palielinaSana.  lzstridatais
— vy - — - o - —x
panémiens paredz fermenta Skiduma karséSanu 20 - 40 min. 60 - 90°C. Karsésanas
rezultata adenilatdezaminize inaktiv€jas, vienlaicigi palielinds tas imunstimulgjosa

aktivitate.



'FOCYAAPCTBEHH HOMUTET CCCP
1O AENAM MSOBPETEHM W OTHPLTWA

ANA CIYXEBHOIrO MONMb30BAHMA 3K3. L

(504 G Ol N 33/48, C 12 N

[ AN

wUaw 1277748 A

1/06

OHMCAHHE I/ISOEPETEHI/IFI

H _ABTOPCHOMV CBUAETENLCTBY

-(21) 3891440/28-14

(22) 29.04.85

(71) Narewiicxwit opmena Tpymosoro
Kpacroro 3uaMmenn rocynachBennuﬁ VHH-
BepcuTter HM. [1.CTyuku

(72) A.B.Madpanckmit, H.O. Hyﬁxnnexc,
.I'.1.Maxapenxosa, A.M.3un6epe

H C.3.AucGepra

(53) 577.2(048) (088.8)

(56) Iamamoto K.R., m.a. Bruce.
logy, 40, 734-744, 1970.

Viro-

(54) (57) CIIOCOB IOJIYYEHHA OE30KCHPH-~
BOHYKJIEHHOBOH KHCIIOTH dara Xapox—4A
H PEeKOMOHHAHTOB Ha ero OCHOBe, BKIIO-
yanmui pasMHoxeHHe dara B KyJIbType

Ecoli K802 c nocnemylomsM nHaupoOBaHH—~
eM KITeTOK, yHalieHHEe KeTOYHbX 0CcTaT-
KOB, KOHUEHTpauHw haroseiXx YacTHL,
OYHCTKY HX CYCHEH3IHH M [JenpoTeHHH3Ia-
UHW, O T N1 H Y a8 0 M H i ¢ A TeM,
YTO, C lLlenbWw YCKOpeHusa cnocoba, ne-
pen ymameHHeM KIeTOYHbX OCTaTKoB, da-
TONM3aT NnogBeprawT TepmoobpaboTke

npu 55-65°C 10-15 Mux, darosele YacTH-
bl KOHUEHTPHPYIT H HHAKTHBHpVIOT 3M
aneraTtoMm Hartpua, pH 5,0-5,5 B ob6bem-—
HBIX COOTHOMEHHAX tharonuzar : I aue-
Tat Hatpus = 1:0,01-0,015, cycrmeH3wmo
oynmawT ob6pabotxoii [JHK-aszo¥ u PHK-a3oi
B OOBEeMHBIX COOTHOmMEHHAX CVCMeH3HS !
IOHK-a3a : PHK-aza = (18-22):1
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. 1

r Haoﬁpeweuue OTHOCHTCR K Monexynnp-
‘HOR 6Honoruu ¥ reHHOWHXeHepHON GHo-
TBXHOHOPHH,18 HMeHHO K nonydeHuw [OHK
daroms EK-Z.rpynnu Ha. ocnoseﬂ Hecy=-
mHe auﬁep-uywaunn H He cnocoduue X’
NHMIOTEHHOMY  THILY PAIBHTHA, uanpuﬁep
dara Xapor 4A(Ché4A), pexouﬁunaﬁfon
Ha ero OCHOBeE. - st

llensio HsoﬁpeTeHHs ABNAETCA ycxope-
HHe H TNOBHIIEHHe ﬁuonoruqecxoﬂ Geso-
MacHOCTH cnocoba.

‘Cnoco6 ocymecTBnaeTcH cnenywmuu
ofpasoM. = e jegEe =

PasMuoxawT dar B kynnrtype' E. c011
K802 c nocnepylomiM nH3IMpPOBaHHEM Kie-—
TOK, YAansdloT KJeTOYHbe OCTAaTKH, na-
.flee KOHUEHTPHPYWT darosbie 4acTHULRI,
OYHmMAKWT HX CYCNEeH3HKW M JeNpoTeHHH3IH—
pywT, nepen ymaneHHeM KIeTOUYHLIX OC~
TaTKoOB daromnusar nonnepramT TepMooB-
paGorke npu 55-65°C 10-15 mmuu, daro-
Bble YACTHIUL KOHLUEHTPHPYOT H HHAKTHBH™
pyor 3M aneratom Hatpus, pH 5,0-5,5
B O0BbeMHbIX COOTHOMEHHAX $aronH3ar :
3M amnerar HaTpHRA 1:0,01-0,015, cyc-
nensmo ouwmalT oBpabGoTkoit PHK~ason
H [IHK-aso0ii B 06beMHbX, COOTHOMEHHAX
cycnen3ua : PHK-aza : [IHK-aza
18-22:1:1
llpepnaraemest crnocob coxpamaeT MNpo—
OONMXHUTENBHOCTE npouecca H ynpomaeT
crnocob MonyYeHHA KOHUEHTDPHPOBAHHbIX
M OuyumeHHMX mnpenaparos 4acTuu Ch4A
onAa eeipeneHHs [HK. IlpomonxuTenlbHOCTDH
npouecca coxpamaetca B 10 pas.

Henp ynpomenua npouecca oCymecT—
BiIgeTCcA KOMOGHHHPOBAHHOH 06paloTKOH
daronusara npH NOBbMIEHHOR TeMNnepaTy-—
pe (+55-65°C).

KoHueHTpupoBaHie $aroesix 4acTHU
MOXeT OCYMeCTBNATCH HX MpeUHNHTauHeH
nmpH pH, GIH3KHX K H303MEKTPHYECKOH
Touke. HauGomnee npuromeH mona 23TOH
LesiH aueTaT HATPHA, OTTHTPOBAHHLIT YK-—
cycHo# kucnortod mo pH 5,0-5,5 Tax
KaK ABMAETCA BemecTBOM C BhipAXeHHbI™
MH GydepHpMHM cBoOficTBaMH. AueTaT HAT™
PHA crnoco6cTByeT Haubonee MOMHOMY
ocaxaenuio [HK.

H3aMeHeHHe COOTHCWEeHHS CcYCMeH3HA
daros : 3M auneraTt HaTpHA npemtaraeMu—
MH npegenaMH npHBoAnT AHG0 K HH3IKOMY
BHXOOY HeseBoro NpoayxTa (npH NMOHH-
XEeHHOIt KOHUeHTpauui 3M anerara HaT-—
pHA) , nHBo K HeofpaTHMON AeHATYpalH
H aragomepauny aronsX YacTiuy H B KO~
HEYHOM HTOTe — K Jerpafauint 1lefeno-
ro npoavkrta OHK Ch3A npn nossmeHHOM
cooepxaHi aueTaTta Ha2TRHA.L

1277748
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Nonyyaemble mpemIOREHHbM CMOCOOOM
barosmeé uwacTulupl HeHHGHUUHPOBAHLI, YTO
noepmaeT GHONOTHYECKYH OeaonaCHOCTb
paloTe C HUMH.

Npumerp 10 .n nusara

. E.coli K802 mcrpaxusawr c¢ 100 mn xno-

podopMa W noppepraoT TepMoobpaGorxe
npu 55°C B Tevenwe 10 mun, CMech ueH-
) rpudyrupyier 20 muu npu 6000 o6/Mun

10 u 4°C. K CY"EPHaTaHTYI (10 n) pobas—
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nswor 100 mn 3M auerara natpus, pH 5,
OHCTPO NepeMemHMBAKT H OCTaBNAWT Ha
15-20 mMmH npy KOMHATHOH TemmepaType.
HenTpmbyrupyor 20 muu npu 6000 o6/muux
u 4°C: Cnerka nmopgcymweHHmI! ocagox cyc-
nenaupyler B 288 mn TpHc-HCl Gydepe
- (10 MM Tpuc-HC1, 10 MM NaCl, | MM
3OTA), pH 7,6. CycneHs3mo o6pabartema-—
ot JHK-asoft 16 mn (koHueHTpauHef
mr/mn) ¥ PHK-aaoir 16 mMn (xoHueHTpa-
uua Mr/mn) npu 37°C B TeueHue 45 MuH.

IIns paspymenusa daroBelx 4acTHU CyC—
neH3uww obpafaTwBawT NMH3HDYWIEH CMeCchbio
(15 mn 0,3M 3OTA+10 mn 10%-ro mopme-
uHncynehaTa HAaTPHA) U BbIEDKHBAWT
15 Mun npu KOMHATHOH TeMmnepaTvpe.

[lpocBeTneHHYw CYCHEH3HHW CMemHBaWwT
¢ pasHbM Ob6BmeMoM BoOOOHACHmMeEHHOro de—
Hona, pH 8,0 u uentpuhyrupywr 20 MHH
npu 4000 onMHH

B BomsaHoO® dasze c noﬁasneuuew 2
06beMOB OXMaxOeHHOro 3TaHoja ocaxkza-—
wT darosyw OHK. Hutru OHK mBaxasl npo—
MBIBAIOT OXNaxpeHusM aTaHonom (70°C).
lpocymusawT W pecycnenaupywt 10 Mn
TpHC-Gydepa. -

Berxop: 18 mr darosoit JIFK, cBofop-
HOK OoT XpomacomanbHoH [HK. [Mpumecu
PHK otcyTeTmywpT. ﬂpononmnTeanOCTb
npouecca 2,5 4.

Mpumep 2. 10 0 nuaara E.Coli
K802 scrpaxusawTt ¢ 100 1 xnmopedopmMma
H nomeeprawT Tepmoobpaborke npH 60°C
B TeueHHe |2 muH. CMech ueHTpHOYIHpY-
ot 20 pun npu 6000 o6/vuu um 49C. K
cyneprartaHTy (10n) po6Gasnsawrt 120 mn

3M auerarta marpusa, pH 5,2, GecTpo ne-
pemMemuBanT H ocTtasnaawT Ha 15-20 muu
NpH KOMHATHOH Temnepartvpe. lleHTpudyv-

rupyotr 20 mMun npu 6000 o6/mMuH H +&7C.
Cnerxa nopcymeHHBIl? OCAOOK CycneHap-—
pywr B 300 mn tpuc-HCI Gvdepe (10mMM
Tpuc—HC1, 10 »M NaCl, ! MM 30TA),

pH 7,6. Cvcnensme ofpaGaTHBawT
MHK-a30ii 15 Mn (koHUeHTpauns Mr/mm)

# PHK-aazoii 15 s (KOHHEHTPAuNS MI /M)
npu 377C B Teweuie 45 suu. Paspvme-—
Hite dATORMX WicTHII H OUNCTKY Aaresoil
THR nporOAAT TAK ¥e. KAK B npuvepe .



.3
Burxom:- 190 Mr ¢aroponn OHK. INpopnon-
»UTEeTbHOCTh Npouecca 2,5 u.
NMpumep 3, 10 n nusara E.coli
K802 serpaxusaior ¢ 100 s xnopohopma
M nopBeprainT TepMooGpaboTke nmpu 65°C §
B Teuenue 15 MuH. CMecr ueHTpnhyru-
pynor 20 mux mpd 6000 o6/muu u 4°C.
K cynepuaranry (10 51) noGamnawT
150 mn 3M auerara Hatpua, pH 5,5,
OHCTPO NEePeMemHBanT M OCTAaBRAKT Ha
15-20 muH npu KOMHATHOH TemiepaType.
LUenrpudyrupyor. 20 mun npn 6000 o6/mun
n 4%°C. Cnerka nogcymeHHB! ocamoK Cyc—
"nenpupyilor B 352 mn tpuc-HC1 6Gydepe
(10 MM Tpuc-HCI, 10 MM aCl, 1 MM
3OTA), pH 7,6. Cycnensuiw o6paaThBanwT
IHK-azoft 16 M (xoHueHTpaumsa Mr/mm)
u 16 mn PHK-asoft (konuesTtpanus Mr/mm)
npH 37°C B Teuenne 45 mum,
Paspymenue daropex yacTHI H OWHCT-20
xy darosoit IHK nposopAT Tak xe, XakK
B mpumepe 1.
Bexopn: 18,5 mr darosoit [HK. Ipo-
HOMXHTENIbHOCTb Npouecca 2,5 u.
TpuMmep b.
K802 mcrpaxupawr ¢ 100 Mn xmopodopma
¥ nomsepraiT TepMoo6paboTke npu 70°C
B Teuenue 20 mMuH. CMmechr ne”HTpudyru-—
pylor 15 rem mpu 6000 o6/Mun u 4°C.
'K cynepuaTtauty (10 n) pofammswT
160 Mn 3M auerara Hartpusa, pH 5,6,
6LICTPO IMepeMemHBAKT M OCTABJAKT HA
|5-20 mMuH npH KOMHATHOH TeMIleparType.
lgnTprbyrupywoT 20 Muu npu 6000 o6/mun

10

15

1277748

10 n nusarta E.coli2s

n 4°C. Cnerka nopcymeHHsH OCamoK cyea

~neHaMpyoT B 400 mn Tpuc-Eydepe
(10 MM Tpuc-HC1, 10 »M NaCl, 1 MM

CoctaBuTtenp H. Kyseukosa
Texpen JI.OneftHux

Pepnaktop C. Pexoma

3axas 1334/1CH

Tupaﬁ 869

4

30TA), pH 7,6. Cycnensuw obpabaTbiBalT
IOHK-azo#t 17 mi (xoHuesrtpauusa Mr/mm)
u 17 mn PHK-asoit (xonueHTpauns Mr/mu)
npu 37°C B TeueHue 45 muH.

PaspymeHne $Garopsix 4acTHL H OYHCT—
Ky ¢arosoift [HK nposogAT Tax xe, Kak
B npuMepe 1.

Beoxom: 5,7 Mr darosoft [HK. Ipomon-
XUTENbHOCTD ‘nponecca 2,5 u.

DIpumep 5. 100 nusara E.coli
HB802 BcTpaxmupawor ¢ 100 Mn xnopodopma
¥ nogseprawT TepMoo6paboTke mpu 50°C
B TeyeHHe 8 muH. CMechb UeHTPHPYTHPYIOT
20 muu npu 6000 o6/mun u 4°C. K cy-
nepuartasry pobasnsior 75 mn 3M anera-
Ta Hatpus, pH 4,8, GeicTpo nepememu-
BawT H ocTaensAwTt Ha 15-20 MuH npu
KOMHATHOR TeMneparype. lleHTpuhyrupy-
or 20 m npu 6000 o6/mun u 4°C.
Cnerxa noacymesHerit 0CagoK CVYCINeHIH—
pylor B 250 Mn Tpuc~HCI 6ydhepe (10 MM
Tpuc-HCIl, 10 mM NaCl, 1 MM 3[OTA),
pH 7,6. Cycnensuo o6pabaTsBawT
IHK-asoi - 14 mn (xoHuenTpauus Mr/mm)
H 14 Mn PHK-asof (kouuenrtpauus mr/mmn)
npu 37°C B TeueHue 45 MHH.

PazpymeHHe ¢aroBbsX YaCTHL H OYHCT—
Ky daroso¥t [IHK npoBonAT Tak xe, Kax
B npumepe 1.

Bexon: 4,8 mMr darosoit [HK. pomon-
XHTeNbHOCTHL Npouecca 2,5 4.

3ddexT cnocoba 3akmouaeTcs B CO-

KpameHHH MNPOOOMXHTENBHOCTH Npouecca
B 10 pa3 u ynpomeuwn cnocofa monyue-

HHS KOHUEHTPDHPOBAHHLIX H OYHMEeHHBIX
npenapatroB yacTHU Ch4A nana BrmefleHHSA

IHK.

KoppekTop E. Pomkxo

NononucHoe

BHIIOTH TocymapcTBeHHOore xoMurera CCCP
no pesnraM H306peTeHHN M OTKPLITHI
113035, Mocxsa, K-35, Pavmckas Ha6., n. 4/5

lpousBonc TREeHHO—NOMHr padiyeckoe NpennpHsTHe, I.

V4

Yxropon, yn. lNpoexTuas,

s
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Upamenxo Mata EpumosHa
Mysanexc Wnppuruc OckapoBuu
Hurosaesa Busma PoGeprosHa

Kampanse AHTpa AnGepToBHa
C I2 ] I3/10

o

liramu Fenicillium lanoso-viride B - OpOAYLUEHT afeHHUIAT—
Je3aMHHa3H .

Hzofperenne OTHOCUTCHA K MUKDPOCHOJOIMUECKO# NPOMHIJEHHOCTH, B
YaCcTHOCTH K IOPOM3BOACTBY QE€DMEHTOB M NpencTaBiafeT cO00# HOBHIt mTaMm
Penicillium lanoso-viride B, KOTOpHZ MOEeT CHTH MCHOJB30BAH AOJA
OPOU3BONCTRa aleHUJATIe3aMUHa3H .

apecTHH mTammu, o6nziapmye aleHUJATIE3aMMHa3HOR aKTUBHOCTHD,—
Aspergillus tamari (I), A.sojaz (2), Penicillium obrenneo- sicloni-
ferum (3).

OnucaH mTaMM Fenigillium lanosc-viride 8L - Haubolee axTHs-
HHA M3 M3BECTHHX NPOTYLIEHTOB afeEMaTIe3aMuHast. (4) . OTOT mTamMM KMMe-
eT CAELyNLyD XapaKTEePHCTURY. HyJbTypasbHeHE MPH3HAXM: KOJOHMM Ha cpe-

e Yanexa orpaHHueHHO-pacTymWe, NYNUCTHE, B Haualle 6efHe, 3aTeM
6lefHO~CEPO~3EJIEHHE, C BO3PACTOM 3€J€HOBATO~CH3HE, HE UMEDTOUE TEH-

JeHMn Kk o0pal30BaHMD TaXedl, Ha O00paTHO#t cTOpOHEe He OkpalleHHue. 2a-
nax CHJbHHR, HanomyHaeT 3anax KapTopesbHOX KOpKM. OKCCYLaT OTCYyT-
cTByeT. Mopdosoryuecrie NPUSHAKH: KUCTOUKM OOKUHC TPEXBSPYCHHE, CO-
CTOAT M3 BETOUEK, METYJ ¥ CTEPUIM, HECMMMETPHUECKUE, C KOHKLUAJTbHH-
uu perouxkamy 30 - 80 MM OivHH. HOHMOUEHOCIH mEPOXOBATHE, OUEHb U3—
MEHUMBHE N0 IJMHe, cmaeramupecs, 100 - 600 x 3 mm.Beroury I4 - I8x
3 MEM. MeTy)m o0pa3ynTcs Ha pasHWX yriaax KHUCTOURM no 2-3, okoso ICX
X 2,5 mMpm. HoHuURMM mapoBuOHHE, 3-O MEM B QuaMeTrpe, rJlalkue, clerxa
OKpameHHHe B Macce. JU3UOJOTHUECKUE MPWBHAKM: ACCUMUILIPYET TJIDKOZY,
rajJaKTo3y, KCUJIO3y, caxapasdy, JAKTO3y, MaAbTI3y, apaCuAHoly, DpyHTc-
3y, Kpaxmal, [JIWUEPHH, MaHHWT. YCBGEBUET MUHESPadbHH™ 220T B aMio-—
HuiHO® ¥ HurpaTHO fopme. liMTpaTn B0CCTAH4BAARACT. FedaTU=Zy He pals-—
RUA82T. MOJOKO He CseprTuBaeT.

CaHAKD 2Ier;UI2TIesaMUH2 3HAS 8KT4BHCCTbh M3BCCTHEX [POLYLEHTOR
HELOCTATOU!NO BLICOKAS. ZDOME TOI'0, 13-3a HUIKOIl OKTHBHOCTY .| EpMEeH-—
TOB LEJUIRJASHOIO KOMIJIeKCA OTGT NPOAYTEHT « MpPOTOTHN) COCOGer ra-
CTH TOJBXO a4 OlPAHHUEHHOM UXCJe Kpaxmarl-CcOofepleudX cySCeTpaTcor H
o6JaafaeT HEKOTOPOH, XOTF W CPABEMTEAbAO HH3KO! NaTOTLEHHOSTHY NP

BHyTpH6pEmHHHDM BEcACHHY er'v CICP MuIaM.
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Ilens U306peTeHUs — MOJyUEHAE HOBOIO BHCOKOAKTUBHOI'C WTAM-
Ma Penicillium lanoso-viride & - NPOAYLIEHTE &LExUNATIE3ALMHESH .

liTamm rmomyueH M2 HMCXCAHOrO LTaMM2 Penicillium 1an08o-vi-
ride 8]] yTen yJbTpapMOJE€TOBOr0 MyTareHesa ¥ 0OTOOpaH IO MIMEHAHHLM

KyJAbTYp2JbHEM IPU2HAKAM Y LOBHIFHHON aLeHUJATIEZ2MMHAZHOR axoue-
vocty (Te6a.I).

Ta6mvia I

CpaBHUTENBHES XapaXTEePUCTUXA 8leHUNATIEe3aMUHE3HO?
2KTUBHOCTU y WCKOZHOIO ¥ MYTQHTHHX mTaMMOB Penicil-

lium lanoso-viride.

ArTUBHOCTE ALA

Ha3pauue )
RynbpTypanbHee IpU3HAKK ME/MA cDens”

mTaMMma

P. lanoso-viride ¢, | Cepo~3enedas cxpacxe KO-
JIOH U

P. lanoso-viride MC | Eosnee cseTnas oxpacxa KO-
MOHUK, CHODYASUMAS SaMeleHa -
P. lanoso-viride T | Cxpacra KO.JIOH4X TemHee,
yeM y UCXODHOIG MTaMME

P. lanoso-viride 3| Benasg cxpacka XCJ0HWA

(gv}
Q
€

b ™
0Ly O
NN

+ - gleHWIaTHes3aMHHalHas 2KTUBHCCTH ORpededslach MOOHMOUUHTCORAE-
HLM CMeKTpofoToMeTDHUESCKYM METONOM MO M3MeHeuuD abcoplrun
B IOLECCe RElaMUHUPOBAHUS IPOMIECAHEX arenuHa rnpu 240
266 HM mauHY BomEm (D).
3a eguHaLy axTdEHOCTH (ME) nruHaMaeTcs KOIMUeCTRO (EpMEHTE,
necavuuupyxmero I mxM cySerpata sa I mud, npu 37°C B (0,05 W
HocdarHoM Gydeve pH 6,0.
OnpenerieHye ax"HEHOCTM NPCSOAMIOCH HA S-¥ CYTHM DPOCTA IpU-
GOB Ha cycJo-arape.
['ramm Fenicillium lanosc-viridé XpaHWTCF B KOJAEX¥LMY My3es
KyJAbTyp Ha kadenpe duaumosoruyn pacrernil m muxpolsonacruu G4cno-
ruyeckoro JH-ra JIY mu. [I. Cryuxu.



[Ipepnaraemuy, mTaMM UMEET CICAYKLYW X&PAKTEPUCTHUKY .
KynpTypalibHbe NMpU3HAKM: D cpele Yanexa KOJOHMM OrpDEHUUEHHO Da-
cTymie, RymACTHE, GeJoro IBeTa Ha NPOTSKEHNM BCErO [EPKofa Be-
reraiuu. Ipy NOCTOSHHOM BCTPSXMBaHuWM B XUIKOH cpefe I'pud pacTer
B BULE OBAJNIbDHHX WM KPYIVIX HaDHKOE Da3JMUHOR BemmauHe ( o7 2-3
wv 10 1,0 cm) nmt Tameii ( BOAU3M CTEHOXR cOcyfa AJs BHPANMBEHNR) .
[Ipn cramuosapHOM pOCTE Ha RWIKUX Cpelax o6pacyeT Gelym MJIEHKY
Ha IIOBEPXHOCTH CPENH.

Mophosoruueckne mpusHaku: HUMCTOUKM OCHUHO TPEXBSPYCHHE, COCTOSAT
M3 BETOUEK , METYA X CTEPATM, HECUMMETDUUECKNE C KOHULUAJIbHHMY
uenoyramH 30-80 MrM pauHOH. HOHMIMEHOCILH MEpOXOBATHE, W3MEHUMBLE
no jnavde, uHorpa cnierammuecs, I00x600x3 mum; merouxu I4-I8x3
MKM; METyJH OOpasynTCA Ha DPasiWuHHX yrJax BeTOukd mo 2-3, I0x
x2,5 vMrM., HoHMuuyu mapoBURHHE, 3-0 MKM B Ouamerpe, IJaJKKe.
ducnosornyeckne MPH3HAKM: AccUMMIMpyeT IJINKO3Y, ralakTo3y, KCH-
103y, Caxaposdy, JarRTO3y, MalbTO3y, apaluHO3y, Kpaxmal, TIULEDHH,
MaHHUT, yCBAeBaeT MUHEPAJbHHA &30T B HUTDATHOR M aMMOoHUiHO# dop-
MaX, BOCCTAHABJMBAET HUTDHTH, CBEPTHBAET MOJOKO, 00ECIBEUHBaeT
QoTONNEHRY, paspymas XeJaTHHA3HHA cjaoff, [Ipy BNpamyBaHMM Ha KUT-
KMX M IJIOTHHX NYTATEIbHHX Cpefax NMpoLyu4dpyeT aleHuJaT[e3aMUMHa-
3y, GepMeHTH LEMIDIS3HOIO KOMIJEKCa, & TaKXe DHOOHYK/IEA3H.

Jpumep I. 0,3 MI cycreH3UU KOHMUOUN HELeJbHO! KYJAbTYDH,Bh-
pameHHO#l He cycllo-arape 3aceBaeTcs B Cpely CJIeLyDHero COCTara:

( B P/Jz):NaNOE - 3,0; KHPO, - I,0; Mg0, -0,I5; HCL- 0,9;
Fe504"7520 - I,0;2n8 04*Hs0 - 8,8; Cuy 5 Ho0 - 0,4; Mn30,-
‘4H20 - 0,I5; 6ypa - 0,I; mounbrar ammonus - 0,05; pH cpezu-
0,0. ['pu6 BwpamuBaeTcs Ha wamkax [leTpu ¢ odbeuoqﬁpanu - IC ma
B TeueEue 7 CYTOK. AXTUBHOCTb ONpENEeNseTCs B MHUIEIUU U BHpe-
xaercs B ME Ha I M1 cpenn. LJiA 3TOro MuLe it U BepxHA ciaoi
araprW30BaHHO! CpelH OTHENfeTCSs U BKCTpArupyeTcs LBOMHuM O6be-
morw 0,1 M QocaTHoro Gytpepa, pH 6,0. AKTHBHOCTD ANEHMIATIEZA-
MUHE3H Y NMPeRJaraeMoro mTaMma Fenicillium lanoso-virile b Ha
8% Bume, UEM AKTUBHOCTb WTaMMa [POTOT/NA.

[Tpumep 2. C,3 M CyCHmeH3WW KOHMOMI, NPUIOTOBJEHHCH 10
Np¥MEry 1 BHCEnB22TCE HA YawK{ [eTpH ¢ cycad-arapor. [pwl BL-
pam#saeTcs B TEPMOCTATE NPV 289C B TeweHwe 3—4 CyToK, GOCAe Ue-
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ro MuLleJU#i OTReNneTcAd OT CPELH M BKCTParupyeTcs HaK ONUCAHO B IPH-—
mepe I. AKTHBHOCTH gLEHMJATIE3aMVHA3H ONpEeNeNfeTcs B BKCTPAKTEe Mi-

Leaus. YpOBEHb aKTHBHOCTH (PepMEeHTa y NPERJaraeMoro mTamMa Ha 3-y
CYyTKM pocTa Ha 45% NpeBHIaeT ypOBEHb AKTHBHOCTH NPOTOTUIHOIO MTAM-—
Ma, a Ha 4-e cyTkM - Ha 29,4%.

Ipumep 3. 0,3 MI CycCneH3uM KOHMOMI aHANOIMUHO NMPEINHLYWMM MpA—
MepaM 3aCeBanT B vamky l[letpw, copepmamye 2 I MUEHWUYHHX OTpyGeit, cMmo-—
UEHHHX 3~Mf MJ BOLOMNDPOEOAHON BOmH. HyabTypa BepamuBaercs 3-4 cy-
ror mpu 28°C. IlmoThuit cioft o6pas’osaBmerocs MyLelds OTHEIAETCH OT
cpenu, npomuBaercs IS0 ma xoxogxoro O,I M docdatHoro Gydepa, pH 6,0
M 3KCTparupyeTcs jesWHTerpanued B Tom Xe Cydepe. AKTHBHOCTL oIpefie-
nfeTCsA B BXCTPaKTe MMIEAMS. Ha 3-# CyTEM pocTa YpPOBEHb AKTHBHOCTH
alenydjaTnel3aMrMHa3H TITaMMa Penicillium lanosc-viride B npesumaer
aKTUBHOCTH MCXONHOTO WTAMM& Penicillium lanoso-viride 8l Ba 42,9%,

a Ha 4-e cyTRM pocra - Ha 79%.
Hpome Toro npepjaraceMuil mTaMM B ONMCAHHHX YCJIOBUSX 06/13I2.€T

YpOBHEM aXTHBHOCTM (EPMEHTOB LEJARIA3HOTO KOMIJIeKca B O pas MpeBH-
HaPmUM TEKOBOR y MCXOOHOI'O MTaMMa, UTO OTKPHBAET SDPCMNEKTHBY KOM—~
INIEKCHOI'O MCHOJIb30BaHUSA mTamMMa. AKTUBHOCTL LENINJA3 ONpelelfeTcs
no metony Manneabc- BeGepa (6) c nociaenymmeit perucrparmeidl roccra-
HaBJMBAWIMX CAXaPOB AHHUTPOCAJMIMJIOBHEM paerentToM (7).

[IpennaraeMui mraMM XapaKTEepU3yeTCs Takxe 00Jee BHCOKMM ypOB-
HeM aKTMBHOCTH DUOOHyKJI€a3, UeM y MCXOQHOrC WTawva. AXTUBHOCTD DU~
SoHyxnea3 onpefenseTCs CHEKTPCHOTCMETPUUECKH 10 LPUDOCTY MOIrome-
S Gpi 20 HM B KMCJICTODACTBODHMOR (DaRIMK ‘THKySaLMOHHOX cmecy (8).

Tadmma 2.

CpasHUTENEHAS aKTABHOCTD THAPOJMMTUUECKUX TEIMEHTOR
P PE;

wraiMog Penicillium lancso-viride .*

TepneHTE g&T £ MM 5 5
AeHNATAe3aMKHAZA 2I,C I00,2
Lermonasu 15,8 IC0,¢C
[lpoTeasu 100,90 14,<
PHXazu 82,4 I0C, 3




* — AKTUBHOCTH (EPMEHTOB BHPaXEHH B % OT
JUIsi IPOBEpKM BUPYNECHTHOCTY MPENIATaEMOT0
ITAaMMOE CYCMEH3US CNOP DABJIMUHOR KOHLEHTpalus
BBOLUTCSH 3KCIEPHMEHTANbHLM AaGODPATODHENM MEMIEM
reIyLouHo (B/%) M BHyTpuGpmmMHHO (B/G), mocie

MaKXCHUMAJIbHOA.

U NIPOTOTHUIHOI'O

( I0° - IOIOcnop/Mn)
W KpeICAM BHYTPU-
yere ycTaHaBlMPa-

eTcr cpesHeBupylieHTHas Lo2a(llVgy) mo pesynbrataM ruéenu EMEOT—

HHX B TeueHMe ID cyrork HaGmonenus ( Ta6n.2

Tadmaua 3.

CpennepupyinenTrre Bo3k ([Vcq) mTeMMOB Penicillium

lanoso-viride .

Ciioco6 ITAMMEH

BBEJeHMH P. lancso-viride &g F. lancso-viride B
Memem B/% 4.10° 5-10°
Mewam 5/6 1-107 1-108
HpucaM B/% u

B/G En. cn. ruGeam >IOIO

3 mpuBeneHHHX JNaHHEX CJHELyeT, UTO BUPYJEHTHOCTb IPEeLNaraeMoro

imraMva Ha ITODLNOK HriXe, UeM y HCXCILHOTrO.
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