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KOPSAVILKUMS

Bakalaura darba mérkis ir izpétit PDI Al7 (AGR2) izoformas strukturalas un
funkcionalas 1pasibas, pro-onkogéno proteindisulfidu izomerazu (PDI) selektivo inhibitoru
mekl&$anas projekta ietvaros. Stm nolikam izstradat protokolu PDI A17 iegii§anai aktiva
forma, un piemérot proteinu kodolu magnétiskas rezonanses (KMR) spektroskopijas p&tiSanas
metodei. Izpétit saistibu starp neaktivéto un aktivéto aziridin-2-karbonskabes atvasinajumiem
un PDI Al7 izoformu.

Saja darba aprakstita optimizétas PDI A17 izoformas iegliSana, pamatoti izvélctie
apstakli un metodes proteina-ligandu saistibas testeSanai ar 2D *H->N-HSQC eksperimenta
palidzibu. Darba ari ir aprakstiti pirmie rezultati par aziridin-2-karbonskabes N-sulfonil
atvasinajumu saistibas vietu PDI A17 aktivaja centra.

Darbs izstradats Latvijas Organiskas sintézes instittita laika posma no 2018. gada

novembra lidz 2020. gada maijam.

Atslegvardi: PDI A17, AGR2, KMR, 2D !H-®N-HSQC, Leakadins, aziridina cikls,

proteina-liganda mijiedarbiba.



SUMMARY

The aim of bachelor’s theses is to study the structural and functional properties of PDI
Al17 (AGR2) isoform within the framework of a project of searching the selective inhibitors of
pro-oncogenic protein disulfide isomerases (PDI). To fulfil the project, develop a protocol to
obtain PDI A17 in its active form and adjust protein for studies by means of nuclear magnetic
resonance (NMR) spectroscopy. Investigate the bind between non-activated and activated
azidine-
2-carboxylic acid derivatives and PDI A17 isoform.

This thesis describes the optimization of production of PDI A17 isoform, explains the
choice of conditions and methods for protein-ligand binding studies by 2D *H-*N-HSQC
experiments. This work also illustrates the first results of binding of azidine-2-carboxylic acid
N-sulfonyl derivatives to PDI A17 active site.

The research was carried out in Latvian Institute of Organic Synthesis in the period from
November 2018 to May 2020.

Keywords: PDI A17, AGR2, NMR, 2D 'H-®'N-HSQC, Leakadine, aziridine cycle,
protein-ligand binding.



APZIMEJUMU SARAKSTS

1D — viendimensiju

2D — divu dimensiju

3D — tr1s dimensiju

AGR2 — Anterior Gradient protein homolog 2

PDI — proteinu disulfid izomeraze (angl. Protein Disulfide Isomerase)

ppm — miljonas dalas (angl. part-per-million)

KMR - kodolu magnétiska rezonanse

TRX — tioredoksins

HGNC — Cilvéka génu nomenklatiiras komiteja(angl. Human Gene Nomenclature Cometee)
NCBI — Nacionalais centrs prieks biotehologijas infotmacijas (angl. National Centre for
Biotechnology Information)

His-tag — poli-histidinu birka

HSQC - Heteronukleara viena kvanta koherence (angl. Heteronuclear Single Quantum
Coherence)

TEV — Tobacco Etch virusa proteaze

OD - optiskais blivums (angl. optical density)

rpm — apgriezieni minaté (angl. revolutions per minute)

C — cisteins

K — lizins

Q — glutamins

S — serins

Y — tirozins

P —fenilalanins

E — glutaminskabe

H — histidins

D — aspartatskabe

L — leicins

A — alanins

T —treonins

SPRINP — viena praimera paraléla polimerazes k&des reakcija (angl. Single Primer in Parallel)
ER — endoplazmatiskais tikls

ERSE — endoplazmatiska tikla stresa atbildes elementi (ERSE, angl. Endoplasmic Reticulum

Stress Response Elements)



BLASTP — vispargjais lokalas lidzinasanas meklesanas riks proteiniem (angl. Basic Local
Alignment Search Tool for proteins)

BLASTN - vispargjais lokalas lidzinasanas meklésanas r1ks nukleotidiem (angl. Basic Local
Alignment Search Tool for nucleotides)

MALLS — multilenka lazera gaismas sken&sana (angl. MultiAngle Laser Light Scattering)
PDB — proteinu databaze

ELISA — imtnufermentativa analize (angl. Enzyme-Linked ImmunoSorbent Assay)

DTT — Ditiotrietols

TCEP — Tris(2-karboksietil)fosfins

MES — 4-morfolinetansulfonskabe

Tris — Tris(hidrokimeti)aminometans

IPTG — Izopropil-B-D-tiogalaktozids

SDS — natrija dodecil sulfats

DMSO - dimetil sulfoksids

DNS — dezoksiribonukleinskabe
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IEVADS

Misdienas véza slimibas ir viens no galvenajiem naves c€loniem visa pasaulé. Veza
arstéSana nemitigi attistas, tieck mekl&ti jauni véza saslimSanas c€loni un jauni zalvielu mérki.

Prieksgja gradienta proteina 2 homologs (AGR2, angl. Anterior Gradient Protein 2
homolog) ir proteinu disulfidu izomerazes (PDI, angl. Protein Disulfide Isomerase) Al7
izoforma (PDI A17). Sis proteins producgjas parakuma vairakos véZa audz&ju $tnu tipos.
AGR2 pozitivi ietekm@ véZa Stinu migraciju un dzivotsp&ju. Rezultata, tas ir izvirzits ka jaunais
meérka proteins pretvéZa preparatu dizainam. Bez tam, selektivie PDI inhibitori varétu kalpot ka
antitrombotiskie Iidzekli. Kombinéta pretvéZa un antitrombotiska jauno potencialo PDI
inhibitoru aktivitate var€tu uzlabot véza slimnieku izdzivoSanu vénu tromboembolijas
gadfjuma.

Bakalaura darba mérkis ir izpétit AGR2 proteina struktiiras ipatnibas un izstradat
protokolu AGR2-ligandu mijiedarbibas izp&tei ar kodolu magnétiskas rezonanses (KMR)
spektroskopiju, ka art parbaudit AGR2 mijiedarbibu ar neaktivétiem un aktivétiem aziridin-2-
karbonskabes fragmentiem. Darba mérku sasniegSanai izvirziti sekojosie darba uzdevumi:

v AGR2Wt21.175 , AGR241-175 un AGR241.175 E60A ekspresijas un attiriSanas protokola

izstrade, izmantojot E. Coli ekspresijas sistému.

v' P&c atstradata protokola noekspresgt un attirit °N-iezimétus AGR2Wt21-175, AGR241-

175 UN AGR241-175s E60A KMR pétijumiem.

v’ Salidzinat iegiitos KMR datus ar literatiiras datiem, adoptét un parasignét proteinu

pamatké&di apo-formai un proteina-liganda kompleksam.

v" Uznemt KMR spektrus proteina-liganda kompleksiem ar neaktivétiem un aktivétiem

aziridin-2-karbonskabes atvasinajumiem. Definét potencialo PDI A17 inhibitoru

saistibas vietu.



1. LITERATURAS APSKATS

1.1. Proteinu disulfida izomerazes

Protetnu nepareiza salociSanas izraisa vairakas slimibas, pieméram, Alcheimera
slimibu, emfizému, cistisko fibrozi [1]. Proteinu disulfida izomerazes (PDI) ir proteini, kas
palidz protetniem pareizi salocities, oksid&jot un reducgjot disulfida saites proteinos, tada veida
parkartojot tas lidz proteins ienem pareizo formu (1. attéls) [2]. Sis funkcijas nosaka PDI

Saperonu aktivitati [3].

Oksideta PDI Nesalocits proteins

S—S - -
SH Salocits proteins
HS (nativa struktiira)
<= > * 5
SH
Reducéta PDI
SH SH

Nepareizi salocits proteins
b + L) L

1. attels. PDI funkcijas shematiskais attélojums (Adoptéts no [4]).

Figure 1. Schematic representation of PDI function. (Adopted from [4]).

Iz zinamas 21 cilvéka PDI izoformas (1. tabula) [5]. Vairaki PDI lidz ar savu Saperonu
funkciju rezidé endoplazmatiskaja tikla. 2. attéla [5] shematiski atspoguloti PDI izoformu
veidojoSie doméni. Katrai izoformai N-gala ir aminoskabju sekvence (angl. signalling peptide),
kas atbild par proteinu lokalizaciju endoplazmatiskaja tikla, un tiek noskelta p&ctranslacijas
modifikacijas gaita. Lielakai dalai PDI izoformu ir vismaz viens aktivs (t.i. sp& pildit
oksidésanas/reducésanas funkcijas) tioredoksinam (TRX) raksturigs katalitiskais centrs (-C-X-
X-C-). AGR2, AGR3, TXNDC12, ERP29, TMX1, TMX2, TMX3, TMX4 proteini satur vienu
aktivo TRX katalitisko centru; ERP27 satur divus neaktivus TRX katalitiskos centrus. CASQ1,
CASQ2, ERP44, PDIA6, TXNDCS proteini satur tris TRX katalitiskus centrus. CASQI,
CASQ?2 visi centri ir neaktivi, ERP44 ir viens aktivs centrs, PDIAG ir divi aktivi centri, savukart
TXNDCS visi tris centri ir aktivi. P4AHB, PDIA2, PDIAS3, PDIAS, PDILT ir Cetri aktivi centri.
P4HB, PDIA2, PDIA3, PDILT divi no centriem ir aktivi, PDIA5 — tris. DNAJC10, PDIA4 satur
piecus katalitiskos centus, no tiem DNAJC10 ir Cetri aktivi un PDIA4 ir tris aktivi. PDI saimé
daziem proteiniem TRX raksturigie katalitiskie centri varie. AGR2, AGR3 un ERP44 ir (-C-X-
X-S-) centrs. TMX2 ir (-S-X-X-C-) centrs. PDILT abi aktivi katalitiskie centri ir netipiski — (-
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S-K-Q-S-) un (-S-K-K-C-). C-gala endoplazmatiska tikla aiztures motivi (angl. Endoplasmic
reticulum retention segments) (K-D-E-L, K-T-E-L, Q-S-E-L u.c.) PDI proteiniem vari€, un nav
sastopami tikai ¢etram no PDI (CASQ1, CASQ2, TMX1, TMX4). Dazas PDI satur negativi
ladéto aminoskabju regionu Ca?* jonu saistibai.

1. tabula

Cilveka PDI géni no Cilvéka génu nomenklatiiras komitejas (HGNC, angl. Human Gene
Nomenclature Committee) datubazes. (Adoptéts no [5])

Table 1.

Human genes of PDI proteins from Human Gene Nomenclature Committee (HGNC)
database. (Adopted from [5])

Geéna .. . Proteina nosaukums, Lokuss Aminoskabju
Citi nosaukumi _ )
nosaukums angl. hromosoma | skaits
XAG-2, HAG-2, Anterior gradient protein
AGR2 AG2, PDI A17 2 homolog 7p213 175
HAG3, hAG-3, Anterior gradient protein
AGR3 BCMP11, PDI A18 | 3 homolog 7p2l1 166
CASQ1 PDI B1 Calsequestrin-1 1921 396
CASQ2 PDI B2 Calsequestrin-1 1p13.3-p11 | 399
DNAJC10 | MTHr, ERdj5 DnaJ (Hsp40) homolog, | 539 1 | 793
' subfamily C, member 10 '
FLJ32115, ERp27, Endoplasmic reticulum
ERP27 PDI A8 resident protein 27 12p12.3 273
ERp28, ERp31, Endoplasmic reticulum
ERP29 ERp29, PDI-DB, resid(fnt rotein 29 12924.13 261
PDI A9 P
ERP44 KIAAO573, PDIA10 | Endoplasmic reticulum g o) 53| 406
resident protein 44
DIAL PROHB, Protein disulfide
P4HB DSI, GIT, PDI, . 17925 508
PO4HB, P4Hb isomerase
PDIA2 | PDA2, PDIp Protein disulfide 16p13.3 | 525
iIsomerase A2
P58, ERp61,
ERp57, ERp6O, Protein disulfide
PDIAS GRP57, Pi-PLC, isomerase A3 15g15 505
HsT17083
PDIA4 | ERP70, ERP72 Protein disulfide 7435 645
isomerase A4
PDIAS | PDIR, FLI30401 | Protein disulfide 3921.1 519
iIsomerase A5
PDIA6 | P5ERpS5 Protein disulfide 2025.1 440
iIsomerase A6
Protein disulfide
PDILT PDI A7, ERp65 isomerase-like protein of | 16p12.3 584
the testis
TMX1 | TMX, PDI All Thioredoxin-related | 4,59 1 | 289
transmembrane protein 1
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Geéna .. . Proteina nosaukums, Lokuss Aminoskabju
Citi nosaukumi _ .
nosaukums angl. hromosoma | skaits
TMX2 PDI A12 Thioredoxin-related _ 11cen- 296
transmembrane protein 2 | 922.3
FLJ20793, Protein disulfide
TMX3 KIAA1830, PDI . 18q22 454
isomerase TMX3
Al3
DJ971N18.2, . .
TMX4 KIAA1162, PDI Thioredoxin-related | 5, 349
A13 transmembrane protein 4
MGC3178,
FLJ21353, Thioredoxin-domain-
TXNDC5 FLJ90810, containina protein 5 6p24.3 432
EndoPDI, Hee-2, gp
ERp46, PDI al5
TLP19, ERPI8 Thioredoxin-domain-
TXNDC12 | ERP19, hAG-1, containina protein 12 1p32.3 172
AGR1, PDI A16 gp
AGR2 CPIIS UAVE (CPAC | ol
AGR3 TMA2
TXNDCT2 CGAC FPCACE CGIIC [ ]
casor DN nixy HEES—— -
c4502 IHEE FANY)IN T CGHC COHC g COIIC

DNAJCTO CSHC CPPC g CHPC , CGPC
ERP27
ERP29 EEEL

ERPy4 SATS

P4HB
PDIA2
PDIA3
PDIA4
PIMAS
PDIA6
PDILT

2. attéls. PDI génu saimes proteinu izoformu doménu kompozicijas shematisks atspogulojums.
Visi proteini satur N-gala signala sekvenci (melns). Aktivi TRX raksturigie katalitiskie centri
apziméti ar sarkano. Neaktivi TRX raksturigie katalitiskie centri apziméti ar zilo un violeto
krasu. Ar zalo krasu ir attéloti Ca?* saistiSanas doméni. Ar peleko krasu atziméti linkeru (angl.
linker) regioni. Transmembranas doméni atziméti ar dzelteno krasu. C-gala endoplazmatiska
tikla aiztures motivi atzZim@ti ar balto krasu. Sekvencu analize balstita uz Nacionala
Biotehnologijas informacijas centra (NCBI) datubazes. (Galligan Petersen 2012).

Figure 2. Scheme of the domain composition of the 21 PDI gene family protein isoforms.
N-terminal signal sequence (black). Active catalytic TRX centres (red), inactive catalytic TRX
centres (blue and purple), Ca?*-binding domains (green), linker regions (gray); transmembrane
domains (yellow); C-terminal ER-retention sequences (white). Sequence analysis based on
National Centre for Biotechnology Information (NCBI) database. (Galligan Petersen 2012).
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Papildus ieprieks min&tajam ipasibam, dazu PDI proteinu génu promotera regiona ir
endoplazmatiska tikla stresa atbildes elementi (ERSE, angl. Endoplasmic Reticulum Stress
Response Elements). Tas ir sekvences, kas ir raksturigas géniem, kas kod€& proteinus,
pastiprinati producétos Ca®* trikuma endoplazmatiska tikla un proteinu glikozilacijas
blok&sanas gadijumos [5-7]. PDI ir loma Ca?* jonu regulacija [9]. PDI piedalas ari estrogéna
sintézes regulacija [10].

Ir zinams, ka dazas PDI izoformas liela daudzuma producgjas véza §tinas un var kalpot

ka markieri agrina véza diagnostika [5].
1.2. AGR2 proteins

AGR?2 proteins (angl. Anterior gradient 2 homolog, HAG-2, AG2, GOB-4) ir neparasts
PDI gimenes loceklis. AGR2 géns identificéts ka homologs Xenopus laevis XAG-2 (angl.
Xenopus anterior gradient) génam [11], kas piedalas kermena ass organizacija Xenopus laevis
embrionalaja stadija [12].

AGR?2 géns atrodas 7p21.3 cilveku hromasomas lokusa, satur septinus eksonus. Blakus
AGR2 lokusam atrodas AGR3 géns, kas ir cits PDI génu saimes loceklis un kodé proteinu
lidzigu (radniecigu) AGR2 proteinam. Tapéc ir pamatojums uzskatit AGR2 un AGR3 génus
par polilokusu polimorfismu [12-13].

AGR2 proteina piederibu PDI saimei pieradija S. Persons et al. (2005), analiz&jot
sekvences no NCBI ar Visparéja Lokala lidzinasanas mekl&Sanas riku proteiniem (BLASTP,
angl. Basic Local Alignment Search Tool for proteins) un Visparéja Lokala lidzinasanas
mekléSanas riku nukleotidiem (BLASTN, angl. Basic Local Alignment Search Tool for
nucleotides) programmam [15]. Saja p&tijuma mekl&tas aminoskabju un nukleotidu sekvences,
kas satur TRX raksturigu katalitisko centru un endoplazmatiska tikla aiztures signalu. AGR2
proteinam identificéts gan TRX centrs (-C-P-H-S-), gan endoplazmatiska tikla aiztures signals
(K-T-E-L) (sk. 2. pielikumu). Kaut arT -C-P-H-S- nav tipiskais TRX lidzigs katalitiskais centrs
(-C-X-X-C), tomér tam ir disulfida saiSu izomerizacijas un Saperona aktivitate [16].

Pateicoties proteinu signalu sekvencu atpaziSanas programmas analizes datiem, ir
pieradits, ka pirmas 20 aminoskabes AGR2 aminoskabju sekvencé atbild par proteina
nogadasanu endoplazmatiskaja tikla un ir atSkelta nobriedusajam proteinam [17].

P. Patels et al. (2013) izpétija AGR2 proteina struktiiru (3. att€ls) [18]. Kopuma AGR2
protetnam ir tioredoksinam lidzigs folds ar ¢etram o-spiralém un vienu p-virkni proteina kodola.
Lai pieraditu AGR2 proteina struktiiras elementu funkcionalas 1pasibas, petijuma bija uztaisiti
vairaki proteina mutanti. AGR221.175 proteins tika uzskatits par dabisko formu, jo, ka ieprieks

bija minéts, pirmas 20 aminoskabes nobriedusajam proteinam ir atSkeltas. AGR221 175 EG0A,
12



AGR221-175 Y63A, AGR241 175, AGR241-175 C81S, AGR241 175 K64A un AGR241-175 EG0A
proteinu mutanti bija izveidoti, lai uzzinatu E60, Y63, C81 un K64 aminoskabju lomu AGR2
dimérizacija, Stunu adh@zija un to ietekmi uz AGR2 aktivitati. lzmantojot KMR, atklats, ka
AGR2:1.40 regions ir nestrukturéts, un $inu adhézijas testi pieradija, ka tas veicina $inu

adh&ziju (4. attels).

3. attels. AGR241.175 E60A monoméra 3D struktiira. Ar dazadam krasam apziméti otr&jas
struktiiras elementi (a-spirale — gaisi zils; f-kéde — violets; cilpa — roza) C-P-H-S motivs att&lots
ar sarkanu krasu (A) Pilna proteina struktiira. (B) Pietuvinata C-P-H-S aktiva centra struktiira.
(2LNT struktiira no Proteinu datubazes (PDB, angl. Protein Database) [18]).

Figure 3. 3D structure of AGR241.175 E60A monomer (2LNT) Different colours represent
secondary stucture elements (a-helix — cian; B-sheet — magenta; loop — pink), the C-P-H-S motif
represented as sticks (red). (A) Total protein structure. (B) Zoomed C-P-H-S active centre
structure. (2LNT structure from Protein Database (PDB) [18]).
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4. attels. AGR2 proteina un to mutantu aktivitate $inu adhézijas testos. 21 — 40 AGR2
aminoskabes ir nepiecieSamas, lai uzlabotu Stunu adhéziju. Adhézijas efektivitate izmerita
procentos. (Siinas, kas saistijas pie substrata, kam bija pielikts noteikts proteins, pret visam
pievienotam $tinam) [18].

Figure 4. Activity of AGR2 protein and its mutants in cell adhesion tests. AGR2 protein 21 —
40 residues promote cell adhesion. Adhesion counted in percent of adhered cells with certain

protein from all added cells [18].
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Taja pasa pétijuma ar multilenka lazera gaismas skenésanu (MALLS, angl. MultiAngle
Laser Light Scattering) un analiz&joso ultracentrifugaciju ir noskaidrots, ka AGR221.175 un
AGR241.175 ir stabili homodiméru proteini, savukart AGR221.175 EG0A un AGR241-175 E60A ir
monomgeri proteini, kas nozime, ka glutaminskabe 60, E60, nosaka proteina dimerizaciju.

AGR?2 protetna diméru veidojosas mijiedarbibas ir paraditas 5. attela.

5. attéls. AGR2 dimérs. al spirale satur dimerizacijai svarigas aminoskabes (E60, K64, Y63),
tas paraditas ar zalam niijinam. Sals tiltini starp karboksil E60 un amino K64 grupam veido
galveno mijiedarbibu starp AGR2 diméra subvienibam. Y63-Y63 hidrofoba mijiedarbiba ari
ietekmé dimeéra stabilitati. (Adoptéts no [18]).

Figure 5. AGR2 dimer. Important for dimerization amino acids (E60, K64, Y63) in al helix are
represented as sticks. Carboxil group of E60 and amino group from K64 form salt bridges. Y63-
Y63 stabilizes dimer through hydrophobic interaction. (Adopted from [18]).

Pirmaja pétijuma, kura tika identificéts AGR2 géns, ir pieradijumi AGR2 géna ko-
ekspresijai ar estrogéna receptora génu krasu véza $unas [11]. Tas nosaka ipasu interesi AGR2
proteina izpete saistiba ar véza slimibam. AGR2 paaugstinata ekspresija ir detektéta vairakos
véza audu veidos. P&tijuma ar plauSu adenokarcinomas séruma iminufermentativas analizes
(ELISA angl. Enzyme-Linked ImmunoSorbent Assay) paradija paaugstinatu AGR2 proteina
saturu vairakas véza stadijas (6. attéls) [19].

Saja pétijuma ir atrasti pieradijumi ARG2 sekrécijai no §iinam, to pozitiva ietekme uz
adenokarcinomas izdzivosanu. Ta ka AGR?2 liela daudzuma ekspres€jas véza $tinas pat agrajas
stadijas, AGR2 proteinu var&tu izmantot ka véza markeri.

V. Ramasandrana et al. (2008) pétjjumi apraksta AGR2 proteina produkciju un
ekspresiju aizkunga dziedzera véza attistiba un pozitivo ietekmi uz véza $tinu izdzivosanu [20].

AGR?2 ir ekspreséts prostatas véza §iinas un sekmé& metastazu migraciju [21].
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Eksperimentos ar pelém bija pieradits, ka AGR2 proteins veido heterodisulfida saites ar
lielu zarnu glotu glikoproteinu MUC2, kas ir bagats ar cisteinu [16]. Tada veida, pirmkart,
pieradita disulfidu izomerazes AGR2 funkcija, otrkart, pieradits, ka AGR2 protenam ir ar1

loma zarnu aizsargmehanismu veidoSana.

p<0.001
T

(ng/ml) p <0.001
—

B

S s e te

.

! ;
5 — . i ¢
| . |

Level of serum AGR2

NC AD pStage | o 1w R +
No. of patient 46 111 72 8 28 3 52 20
Mean (ng/ml) 1.17 6.66 4.68 10.95 9.76 13.76 4.07 6.26
(Median (ng/ml) 0.76 4.49 3.11 12.10 8.86 14.36 298 3.99)
L lﬁ—]

NC: Non-cancer control AD: lung adenocarcinoma R: recurrence Patients with pStage |

6. attels. Grafiks, kas parada detektétu (ELISA metode) AGR2 proteina daudzumu pacientiem
ar plausu adenokarcinomu un kontroles paraugiem (nav véza). Vid&jais AGR2 limenis daudz
augstak bija serumam no pacientiem ar plausu adenokarcinomu salidzinajuma ar kontroles
grupu. NC: kontroles paraugi bez véza; AD: plausu adenokarcinoma; R: recidivs. (Chung et al.
2011)

Figure 6. Scheme of serum AGR?2 levels in lung adenocarcinoma patients and patients with no
cancer, detected by ELISA In the serum of patients with lung adenocarcinoma AGR?2 level is
significantly higher as compared to patients with no cancer. NC means non-cancer control; AD
meanslung adenocarcinoma, R means recurrence. (Chung et al. 2011)

1.3. Aziridina cikla reakcijas ar nukleofiliem

Aziridini ir tris loceklu slapekli saturoSie heterocikli, kuriem piemit augsts cikla
spriegums un alkil&josas ipasibas. Veésturiski pirmie pretvéza preparati bija bis-p-hloretilamina
atvasinajumi. To citotoksicitate balstas uz aziridinija jona veidoSanos in situ un talako DNS
alkilésanu (7. attels) [22]. Tomér aziridinija jons ir parak reag€tspejigs, lai panaktu vélamos
terapeitiskos efektus.

Lai iegiitu vélamo reag€tsp&ju aziridina elektroniskas ipasibas ir japielago: elektron-
donoras grupas uz slapekla atoma paaugstina slapekla atoma baziskumu, tas tidens vidé
protongjas, veidojot aziridinija katjonu, kas atkal ir parak reag€tspgjigs. Savukart elektron-
akceptoras grupas pilnigi novér§ aziridina slapekla protonéSanos, joprojam saglabajot
elektrofilo aziridina raksturu, pateicoties alkileéSanas produkta anjona stabilizeSanai.

(“Medicinal Chemistry of Anticancer Drugs”, Avendano, Menendez, 2008).
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7. attéls. Reakcijas ar aziridinu. (A) DNS alkiléSana ar bis-beta-hloretilamina atvasinajumiem.
(B.1, B.2) Aziridina elektronisko Tpasibu ietekme uz reagétsp&ju. (Adoptéts no [23])

Figure 7. Reactions with aziridines. (A) DNA alkylation with bis-beta-chloroethylamine
derivatives. (B.1, B.2) Impact of aziridine electronic properties on reactivity. (Adopted from

[23])

Viens no aziridina Klases savienojumiem ir Leakadins (aziridin-2-karboksamids). Tas

var reagét ar cisteinu, reakcija atveras aziridina cikls un cisteins kovalenti saistas ar Leakadinu
(8. attels).
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8. attéls. Leakadina reakcija ar cisteinu [24].

Figure 8. Reaction of Leakadine with cysteine [24]
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1.4. Proteina 2D 'H-®°N-HSQC KMR

2D !H-N-HSQC ir 2D heterokodolu viena kvantu koherences (HSQC, angl.
Heteronuclear Single Quantum Coherence) KMR eksperimenta veids, kur tiek apskatita *H un
15N kimisko nobizu korelacija. 2D *H-°N-HSQC ir divdimensionalais KMR eksperiments, kas
tiek biezi lietots proteinu KMR spektroskopija

2D HSQC metodes pamata ir magnetizacijas parnese no kodola I (jitigs kodols, kuru
precesiju magn@tiskaja lauka var izraisit signali ar augstako frekvenci, tas biezi ir *H ) uz kodolu
S (nejutigs kodols, kuru precesiju magnétiskaja lauka var izraisit signals ar zemako frekvenci,
tas biezi ir ©°N vai *C), tad magnetizacija tiek parnesta atkal uz | kodolu un tad notiek signala
detekcija [25]. Metode dod iesp&ju stipri palielinat spektra jutigumu, tacu ir nepiecieSama
preciza spektra parametru uzstadiSana.

2D 'H-®N-HSQC spektra x ass ir tiesa veida noteiktas 'H nobide, bet y ass ir 1°N
nobides. Spektra signali ir veidoti no transformétiem kvadrupliem, kas iegiiti neatkarigu plaknu
signalu detekcijas dél. Katrs signals atspogulo protona signalu, kas caur vienu saiti ir saistits ar
slapekli. Tas ipasi ir derigi proteinu KMR, jo katrai aminoskabei (iznemot prolinu, P) ir vismaz
viena N-H saite pamatk&dg. Lidz ar ko 2D *H-"*N-HSQC spektra var redz&t pa vienam signalam
(corsspeak) no katras aminoskabes, ka ar divus signalus no glutamina un asparagina NH>
grupam sanu k&des. Sis spektra tips ir it Tpasi jiitigs uz minimalam izmainam proteina struktiira,
piem. atseviSko aminoskabju proton€Sanas/deprotonéSanas atkariba no vides pH,
oksidesanos/reducésanos, ka ari liganda/substrata saistibas izraisitas konformacionalas vai
elektrostatiskas izmainas.

Visértak salidzinat 2D !H-®N-HSQC novérojamas nobizu atkiribas starp diviem
spektriem var péc formulas (1).

2D 1H-15N-HSQC N ieziméto proteinu KMR spektru signalu nobizu salidzinajuma
formula [26]:

d= 2165+ @ 6)7)

1)
kur, &y —Hnobide,
8y — °N nobide

a — N nobizu mérogosanas koeficients (angl., scaling factor).
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1.5. Proteina molekulmasas noteik§ana no rotacijas korelacijas lika, 7c. °N T un T

relaksacijas laika noteik§ana

T1 un T» relaksacijas laiki raksturo molekulu dinamikas parametrus magnétiskaja
lauka [27].

T1 ir relaksacijas laiks, kad kodola magnetizacija péc 180° impulsa atgriezas stavokli,
kur ta ir paral€la pastaviga magnétiska lauka virzienam. Ti relaksaciju vl sauc par spina-rezga
relaksaciju, jo spini relaks€ no augstaka nelidzsvarota energgtiska limena termodinamiska
lidzsvara stavoklt ar apkartni, rezgi. T relaksacija ir eksponencials process, ko var izrékinat
peéc vienadojuma (2). Relaksacija ir jo atraka tad, kad kodola kustibas sakrit ar Larmora
fekvenci (https://radiopaedia.org/articles/tl-relaxation-time). Rezultata Ti relaksacija ir
atkariga no magnétiska lauka stipruma, kas arT nodroSina Larmora frekvenci. Augstakos

magnétiskos laukos T1 bis ilgaka.

t
M, =My (1-eT)
)
kur M; — magnetizacija laika t péc 90° pulsa iedarbibas;
Mo — maksimala magnetizacija péc pilnas regeneracijas;

1/T1 — T1 relaksacijas atrums (relaxation rate), Ri.

T, ir relaksacijas laiks, kad kodolu precesijas, izraisitas ar 90° impulsu vienlidzigi
izkliedgjas xy plakné (perpendikulara argjam magnétiskam laukam). Sis process notiek tapéc,
ka katrs kodols molekula atrodas sava lokalaja magnétiskaja lauka, ko veido blakus esoSie
kodoli, tapéc T2 relaksaciju vél sauc par spina-spina relaksaciju. Notiekot energijas parnesei
starp spiniem vai dipoliem, kas novietoti paral€li vai antiparal€li ar€jam magné&tiskam laukam,
novéro dipola apvérsumu (flip) pretéja orientacija. Tiram tdenim T2 ir ilgs un sasniedz 3-4 s,
tacu makromolekulam T ir daudz 1saks un ir atkarigs no molekulas izméra. TO var aprékinat

péc vienadojuma (3) (https://radiopaedia.org/articles/t2-relaxation?lang=gb).

t

Mxy = MO e T2
3)
kur Mxy —magnetizacija xy-plakn€ p&c 90° pulsa iedarbibas;
Mo — maksimala magnetizacija péc pilnas regeneracijas;

1/T> — T2 relaksacijas atrums (relaxation rate), Ro.
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Noteicot T1 un T, var atrast molekulas rotacijas korelacijas laiku (rotational correlation
time), tc, kas raksturo vidgjo laiku, kura molekula skiduma pagriezas par 1 radianu [28].

Proteinu molmasa labi korelé ar 1 veértibu, ko var aprékinat no vienadojuma (4).
Rezultata to var izmantot, lai aprékinatu aptuvenas proteinu molekularas masas. lzmantojot
Stoksa likumu un pienemot, ka globularie proteini ir sfeériski, tc var aprékinat pec sekojosas

formulas (izvedums netiek radits) [29], [30]:

1 T

T, =
4TTVN Ty

(4)
kur vy — N frekvence, Hz;
T1 un T2 — N spina-rezga un °N spina-spina relaksacija. ST metode ir deriga
aptuvenas masas noteikSanai globulariem proteiniem ar masu Iidz 25 kDa. Precizi °N T,

mérfjumi klust sarezgiti lielakiem proteiniem.
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2. METODIKA

2.1. Materiali

2.1.1. Reagenti

2. tabula
Izmantotie p&tijuma reagenti.
Table 2.
Reagents used in the research.

Reagenta nosaukums Tiriba, % Razotajs RazoSanas

valsts
Tris (Tris(hidrokimeti)aminometans) >99 Sigma-Aldrich | Kina
NaCl Natrija hlorids >99.5 Thermo Fisher | ASV
Raugu ekstrakts - Acros Kina
DTT (Ditiotrietols) >99.5 Thermo Fisher | Belgija
TCEP(Tris(2-karboksietil)fosfins) >98.0 Glentham Lielbritanija
2-beta-mercaptoetanols >99 Acros Vacija
L-cisteins >99 Acros Spanija
MES (4-morfolinetansulfonskabe) >98 Thermo Fisher | ASV
Etanols >98.5 Latvijas Latvija

Balzams
Agaroze >99 Thermo Fisher | ASV
Triptons Thermo Fisher | ASV
alfa-D-glikoze >99 Acros Belgija
VIT-MIX - Sigma-Aldrich | ASV
ampicilins - Thermo Fisher | Belgija
IPTG (Izopropil-p-D-tiogalaktozids) >99 Thermo Fisher | Italija
Etidija bromids “High” Thermo Fisher | ASV
Etikskabe >99.9 Latvijas Latvija
’ Kimija

SDS (natrija dodecil sulfats) >99 Thermo Fisher | Japana
Imidazols >99 Flourochem Lielbritanija
Deitérija oksids >99.9 Eurisotop Lielbritanija
NaNs3 Natrija azids >99 Acros Indija
Agars - Thermo Fisher | Meksika
Glicerins >99.5 Thermo Fisher | ASV
Bromfenols zilais - Thermo Fisher | Indija
Eeaszﬁgié;}lzo Natrija hidrofosfata 599 ACros ASV
Kalija dihidrofosfats >99.0 Thermo Fisher | ASV
Sir_np!y Blue Safestain (SDS-PAGE i Invitrogen ASV
krasviela)
NaOH (Natrija hidroksids) >98.5 Acros Zviedrija
ZnCl> (cinka hlorids IT) >98.5 Acros Belgija

20



Reagenta nosaukums Tiriba, % Razotajs RazoSanas
valsts
FeCls (dzelzs hlorids I1I) - Thermo Fisher | Lielbritanija
CuCl,-2H20 (vara hlorida dihidrats) >99 Acros Indija
CoCl,-6H20 (kobalta hlorida seksta hidrats) | - Acros Cehija
H3BO4 (borskabe) >99.5 Acros Izragla
MnClI (mangana hlorids II) >97 éggzics Kina
Cmbrige
Amonija hlorids *°N ieziméts >99 Isotop Lielbritanija
Laboratories
Tiamina hidrohlorids >99 Sigma-Aldrich | Vacija
DMSO (dimetil sulfoksids) >99 Sigma-Aldrich | Lielbritanija
HCI (hlorskabe) 35-38% Chempur Latvija
DNS markieris - g(r:]iirr?t]i?ic Lietuva
SDS-PADE protein ladder - Thermo Fisher | Lietuva
2.1.2. Buferi un barotnes
3. tabula
Izmantotie petijuma buferi.
Table 3.

Buffers used in the research.

Bufera nosaukums

Bufera sastavdalas un pH

20 mM Tris-Cl, 500mM NacCl, 20 mM

Buferis A Imidazols, 2mM DTT, pH 7.5
Buferis B 20 .mM Tris-Cl, 500mM NacCl, 500 mM
Imidazols, 2mM DTT, pH 7
. 10 mM MES, 50 mM NaCl, 4 mM DTT, pH
Buferis C

6.5

M9 barotne 1 L

15 g glikoze, 4g MgS0O4-7H.0, 3.5¢g ©*N
(NH4)2SO4, 30g KoHPO4, 159 KH2PO4,
0.5g NaCl, 1.5 ml Trace elements

LB barotne 1 L

10 g NaCl, 10g triptons, 5g reugu ekstrakts
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2.1.3. Izmantota aparatiira

[zmantota pétijuma aparatiira.

Equipment used in the research.

4. tabula

Table 4.

Aparats Modelis Izgatavotajs
Pipete m3 mLine single Biohit
Pipete m200 mLine single Biohit
Pipete m20 mLine single Biohit
Pipete m1000 mLine single Biohit
Svari plj-750-3n Kern
Analitiskie svari abt 120-5dm Kern
Hromatografs acta purifier Ge Health Care
Centrifuga allegra x-30 Beckman Coulter
Centrifuga/vortekss multi-spin ~ mcs-6000/mcs- | Biosan

3000
Avanti centriftiga J-E Beckman Coulter
centrifiiga 5418 Eppendorf Ag
Kratitajs-termostatsmégeném ar | ts-100c Biosan
dz€s€Sanas funkciju
Personala iekarta vortekss V-1 plus Biosan
Mini magnétiskais maisitajs MS-3000 Biosan
Termostatiska tidens vanna WB 2s Biosan-Grant
Inkubators CH-4103 Bottmingen Infors
Inkubators ar gravitacijas | BD 53 Binder Gmbh
konvekciju
Mastercycler PKR ierice nexus gradient Eppendorf Ag
Sonorex super sonifikators RK 255 H Bandelin
Eleptiskais klatitajs psu-oi Biosan
Spectrofotometrs NanoDrop 2000c Thermo Scientific
Autoklavs DX-65 Systec Gmbh
Biologiskas drosibas skapis streamline sc class Il bsc Esco
Elektroforézes ierice cs-300V Cleaver Scientific
Mini-gel vannina - Invitrogen
Horizontala g€lu vannina msmidi Cleaver Scientific
Ultrasonic procesors UP200Ht Hielsher
Kodolmagnétiskas  rezonances | 800 MHz Bruker Avance 111 | Bruker
aparats HD

Nikela afinitates hromatografijas
kolonna

HisTrap HP 5 ml

Ge Healthcare

Gelfiltracijas kolonna

HiLoad Superdex 75 prep
grade

Ge Healthcare

Dializes ierice

Float-A-Lyzer, 8-10 kDa, 1
mL

Spectrum Laboratories,
Inc.
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2.1.4. Trauki un materiali

5. tabula
[zmantota pétijuma aparatira.
Table 5.
Equipment used in the research.
Vienreizgjie instrumenti Izgatavotajs Valsts Apraksts
Filtri Sarstedt Vacija | plastmasa filtropur s
Stobrini 2 ml Sarstedt Vacija | plastmasa, safeseal micro
tube 2ml
Cilindri 50 ml Sarstedt Vacija | plastmasa, 114x28mm pp
Cilindri 15 ml Sarstedt Vacija | plastmasa, 120x17mm pp
Stobrini 1.5 ml Sarstedt Vacija | plastmasa
Koncentratori “Amicon Ultra | Merck Millipore | Irija plastmasa
157 Ltd
multiply-pro traucins 0.2ml, pp | Sarstedt Vacija | plastmasa
Pipesu uzgali 1000 pl Sarstedt Vacija | plastmasa
Pipesu uzgali 200 pl Sarstedt Vacija | plastmasa
Pipesu uzgali 20 pl Sarstedt Vacija | plastmasa
Serologiskas pipetes, 25 ml Sarstedt Vacija | plastmasa, sterila
Petri plates Sarstedt Vacija | plastmasa, sterila
Izmeklé$anas cimdi Medeco B.V. Malazija | latekss bez talka, teksturé&ti
“Sartorius” pipetes uzgali 1ml | Sarttorius Somija | plastmasa
Inokulacijas cilpa 1 ul Sarstedt Vacija | plastmasa
Inokulacijas lidzinatajs Sarstedt Vacija | plastmasa
Cilindrs 13 ml Satstedt Vacija | plastmasa, sterila,
100x16mm, pp

Svérlaivinas lielas Heathrow Kina plastmasa

Scientific
Svérlaivinas mazas Heathrow Kina plastmasa

Scientific
«GenJet spin  columns & | Thermo Vacija | plastmasa
collection tubes» Scientific
Gatavas SDS-PAGE  gela | Novex Life | ASV 4-12% bis-tris
kasetes NUPAGE Technologies
5 mm KMR ampulas - - stikls

2.1.5. Bakterijas celmi, plaz

midas un praimeri

Proteinu AGR221.175, AGR241.175 un AGR241.175 EG0A ekspresijai izmantots E. Coli

BL21(DE3) celms, transforméts ar pET-Duet-1 vektoru, kas satur atbilsto$o génu, plazmidas

kartes ir pielikuma 1.

AGR241.175_E60A mutacijas ievieSanai izmantotie praimeri:
Tiesais — Fw_E60A: 5’P-GACTTACGAAGCGGCGCTGTATAAG-3’
Reversais — Rv_E60A: 5’P-CTTATACAGCGCCGCTTCGTAAGTC-3’
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2.2.1.

2.2. Eksperimentalas metodes

AGR41-175 E60A plazmidas iegiiSana

Dabiga (angl. wild type) AGR221.175 un AGRZ241.175 proteinu sekvences ar N-gala

pievienotu poli histidina birku (His-tag) un TEV proteazes restrikcijas saiti nopirkti no Eurofin

Genomics pEX-A258 vektora veida un parklonétas pET_Duet-1 vektora izmantojot Xhol un

Ndel restrikcijas saites. lzmantojot vietas virzitas mutagenézes palidzibu SPRINP metodi [31]

es08a AGR241.175 konstrukta ieviesta sekojosa mutacija E60A.

2.2.2.

15N ieziméta AGR2 proteina ekspresija

Metode balstas uz P. Patela (2009) pétijuma un misu laboratorijas pieredzi.

1)

2)

3)

4)
5)
6)

7)
8)

9)

Sagatavot 1 L N ieziméto M9 un 7 mL LB sterilas barotnes, abas pievienot 0.1
mg/mL ampicilina.

No Petri plates ar svaigi transformétam E. Coli BL21(DE3) stnam, kas satur
atbilsto$o plazmidu, ar inokulacijas cilpas palidzibu panemt vienu koloniju un
inokulét sterilo LB barotni ar ampicilinu 13 mL sterilaja m&geng.

Ievietot m&geni inkubatora pie 37 °C un 200 rpm . Audz&t aptuveni seSas, astonas
stundas (dienas kulttra) Iidz optiskais blivums (OD, angl. Optical Density) pie 600
nm ir lielaks par 1.5-2.5 (ODsggo > 1.5-2.5.)

Uzsildit lidz 37 °C inkubatora divas 13 mL m&genes ar 7 mL M9 barotni ar ampicilinu.
Parvietot 70 UL (1 % v/v) no LB barotnes katra no sterilajam mégeném ar M9.
Atstat nakts kulttiru uz 16 stundam 13 mL mégenes ar inficéto M9 inkubatora pie 37
°C un 200 rpm.

Uzsildit atlikuSo M9 barotni lidz 37 °C stacionaraja inkubatora.

Péc 16 stundam 1 % (v/v) no no nakts kultiiras pievienot atlikusai M9 barotnei un
sadalit to pa ¢etram 2 L kolbam, lai katra btitu 250 mL M9.

lelikt 2 L kolbas inkubatora pie 37 °C un 200 rpm, audzét Iidz M9 sasniegs 0.4-0.5
ODeoo, parvietot kolbas inkubatora pie 20 °C un 200 rpm.

10) Kad absorbcijas vértiba sasniegs 0.6-0.7 ODeoo, pievienot 1 mM IPTG katra kolbai.

11) P&c 24 stundam saliet M9 Cetras, ieprieks§ nosvértas, 500 mL centrifigas burkas un

nocentrifugé pie 7400x g pie 4 °C.

12) Noliet supernatantu, nosvért $tinas un sasaldét tos pie -20 °C.
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2.2.3. AGR2 proteina attiriSana

2.2.3.1. Sanu apvalku sagrauana

Lizi veikt ultrasonific€jot. Sasalu$as $iinas resuspendé ledus aukstaja buferi A (pievienot
10-15 mL bufera A uz 1 g Stnu) un ielej stikla glazé. To novieto kasté ar ledu un ievieto
ultraskanas aparata. Ultraskanas aparata zondi iegremd€ Stinu suspensija ta, lai Iidz glazes
dibenam biitu ~0.5 cm.

Uzsak 50 mintisu ultrasonifikaciju ar 70% jaudu un amplittidu, kas ir atkariga no Stunu
suspensijas tilpuma (ja tilpums ir mazaks par 20 mL, tad amplitiida ir 40%, ja tilpums ir starp
20 mL un 40 mL, tad amplitiida ir 50%, ja tilpums ir starp 40 mL un 70 mL, tad amplitida ir
70%, ja tilpums ir lielaks par 70 mL, tad amplitiida ir 90%). Lizes laika parliecinas, lai ledus
neizkistu.

P&c tam, Stnu lizatu centrifigé 45 miniites pie 4 °C un 27000x g 15 mL centrifugas
burkas Supernatantu nolej 50 mL mégené. 10 pL no supernatanta sajauc ar 10 uL 2x Laemmli
bufera (1:1 attieciba) priek§ SDS-PAGE analizes, bet nogulsnes no lizata resuspendé DDI tident

lidziga tilpima un art 10 pL panemt priek§ SDS-PAGE analizes.

2.2.3.2. Nikela afinitates hromatografija uz HisTrap™ kolonnas.

Sagatavo hromatografu (AKTA Purifier) priek§s nikela afinitates hromatografijas
(iesledz hromatografu un UNICORN programmu, izmazga parauga ievadiSanas kontiru (angl.
Superloop), vadus; izmazgat suknus ar Pump wash basic komandu un piesledz HisTrap
kolonnu).

Izmazga HisTrap kolonnu ar Gdeni 10 kolonnas tilpumus, ar buferi B — 5 kolonnas
tilpumus, un ar buferi A — 10 kolonnas tilpumus.

Supernatantu manualinofiltré izmantojot 0.2 um filtru. Uzpilda ievadiSanas kontaru ar
supernatantu un ievada to kolonna ar atrumu 1.0-1.5 ml/min, lai maksimiz&tu proteina afinitati
pret NINTA svekiem.

Kad viss supernatants izies cauri kolonnai, elué proteinu ar buferi B (100% gradients),
savac visas frakcijas, kas elugjas no kolonnas. Frakcijas parbaudit uz SDS-PAGE g¢la.

Frakcijas ar mérka proteinu sakoncentré ar 3K Amicon ultrakoncentratora palidzibu lidz 3-5 ml

pie 4 °C un 5000x g.

2.2.3.3. Gelfiltracja ar Superdex 75 pg 16/600 kolonnu.
Sagatavo hromatografu eksperimentam un pieslégt Superdex 75pg 16/600 kolonnu,
izmazga kolonnu ar vismaz 150 mL tdens, un ar vismaz 150 mL bufera C. Iekoncentrétas

frakcijas ievada kolonna. Eksperimentu veic ar atrumu 1.0 ml/min. Savac eluétas frakcijas. .
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Attiritu  proteinu parbauda ar SDS-PAGE analizi, iekoncentré Iidz 0.5-1.0 mM
koncentracijai. Istermina — proteinu glaba 4 °C temperatiira. Ilgtermina glabasanai proteina

paraugu sadala alikvotos, 500-550 puM, sasaldé $kidra slapekli un glaba -80 °C.

2.2.4. His-tag SkelSana ar TEV proteazi

6. tabula.
TEV proteazes (angl. Tobacco Etch Virus protease) skelSanas testu tabula.
Table 6.
TEV protease cleavage test table.
TEV
Testa pI‘OteEl zes ufl . Inkubacijas Inkubacijas
parauga | proteina Buferis SR .
L temperatira, °C | laiks, h
numurs | attieciba,
mg/ml
1. 1:10 23 4
2. 1.5 23 4
3 110 10 MM MES pH 6.5, 50 mM | -2 16
4. L5 NaCl, 4 mM DTT 23 16
5. 1:10 ’ 16 16
6. 1:10 4 16
7. 1:5 4 16

2.2.5. Paraugu sagatavosana un parametri spektra uznemsanai

Paraugu sastavs:
1) 570 pM ®N-AGR221-175 iezZiméts proteins ar poli-histidina birku (His-tag), 20 mM MES
pH 6.5, 50 mM NaCl, 4 mM DTT, 7% D-0, 0.03 % NaNs.
2) 603 uM °N-AGR241-175 iezZim@ts proteins ar His-tag, 20 mM MES pH 6.5, 50 mM Nacl,
4 mM DTT, 7% D20, 0.03 % NaNs.
3) 512 pM ®N-AGR2s1-175_E60A ieziméts proteins ar atikeltu His-tag, 20 mM MES
pH 6.5, 50 mM NaCl, 4 mM DTT, 7% D-0, 0.03 % NaNs.
2) 635-315 uM N-AGR241.175. E60A  ieziméts proteins ar His-tag 10 mM MES,
50 mM NaCl, 4 mM DTT, pH 6.5, 7% D0, 0.03 % NaNs.
Spektru parametri:
1) Ti relaksacijas laika mériSanas spektra uznemsanas parametri:
Pulsa sekvence — hsqctletf3gpsi3d, eksperiments — pseudo-3D, uzkrajumu skaits — 8,
punktu skaits — 4096.
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2) T2 relaksacijas laika mérisanas spektra uznemsanas parametri:

Pulsa sekvence — hsqct2etf3gpsi3d, eksperiments — pseudo-3D, uzkrajumu skaits — 4,
punktu skaits — 4096.
3)2D 'H-®N-HSQC spektra uznemsanas parametri:

Pulsa sekvence — hsqcfpf3gpphwg, eksperiments — 2D, uzkrajumu — skaits 4 vai 8,
spektrometra frekvence — 800.254 Hz, punktu skaits — 2048x256.

7. tabula.

KMR paraugu sastavs prieks reducgjoso agentu mijiedarbibas ar cisteinu parbaudi.

Table 7.

Composition of NMR samples for testing reaction of reducing agents and cysteine.

Parauga numurs | Buferis Reducgjosais agents L-Cisteins | D20

un nosaukums

Tris_Cys 10 mM Tris-Cl, pH | - 1mM 10%

7.5

Tris DTT 10 mM Tris-Cl, pH [ 2mM DTT - 10%
7.5

Tris_merc 10 mM Tris-Cl, pH |5 mM 2-B- | - 10%
7.5 merkaptoetanols

Tris_TCEP 10 mM Tris-Cl, pH | 1 mM TCEP - 10%
7.5

Tris_ DTT_Cys 10 mM Tris-Cl, pH [ 2mM DTT 1mM 10%
7.5

Tris_merc_Cys 10 mM Tris-Cl, pH |5 mM 2-B- | 1 mM 10%
7.5 merkaptoetanols

Tris TCEP_Cys |10 mM Tris-Cl, pH | 1 mM TCEP 1mM 10%
7.5

MES_Cys 10 MM MES, pH 6.5 | - 1 mM 10%

MES_DTT 10 MM MES,pH 6.5 | 2mMDTT - 10%

MES_merc 10 MM MES, pH 6.5 |5 mM 2-B- | - 10%

merkaptoetanols

MES_TCEP 10 MM MES, pH 6.5 | 1 mM TCEP - 10%

MES DTT Cys |10mM MES,pH6.5 |2mMDTT 1 mM 10%

MES_merc Cys | 10mM MES,pH6.5 |5 mM 2-f- | 1 mM 10%

merkaptoetanols
MES TCEP Cys | 10 MM MES, pH 6.5 | 1 mM TCEP 1 mM 10%

1D 'H KMR spektri: spektra platums 12820.5 Hz, laiks starp impulsu secibam 5 s,

uzkrajumu skaits 64, uzkraSanas ilgums 1.27 min.

UznemsSana notika svaigi pagatavotam paraugam, 0 h, péc 19 stundam un péc 85

stundam glabajot paraugu istabas temperatiira.

27



2.2.6. KMR parauga dialize.

Dializei izmantoja mikro-tilpuma dializes kasetes, Float-A-Lyzer. Pirms izmantoSanas,
membranu iemercé DDI Gident uz 30 min istabas temperatira. Dializes membrana ar Slirces
palidzibu ievieto parauga skidumu. Paraugu dializé pret buferi C veicot vismaz tris bufera
mainas, lai sasniegtu pietiekosi lielu atSkaidijumu (vismaz 10 000 reizés). Dializi veic 4 °C
temperatiira, maisot Skidumu uz magnétiska maisitaja. Pirmas divas mainas veic péc 3-4 h,

pedgjo porciju atstaj dializeties pa nakti, 16 h.
2.2.7. Datu analizes metodes

1D spektru apstradei un analizei izmantota programma MestReNova v.12.0.0.

Proteinu KMR spektru apstradei un analizei izmantotas programmas TopSpin 4.0.6. un
datora paliglidzekli rezonanses asignésanai (CARA, angl. Computer Aided Rezonance
Assignment) CARA 1.9.1.

>N T1 un T, relaksacijas laika aprékiniem izmantotas Mestrenova 12.0.0 un Excel
programmas. Metodes pamata instrukcijas (www.nmr2.buffalo.edu/) [30].

Proteinu sekvencu salidzinasanai izmantota Clustal Omega interneta serveris [32].

Proteinu molmasas, ekstinkcijas koeficienta, pl aprékinasanai izmantota EXPASy
ProtParam programma [33].

Att€lu redigésanai ir izmantotas Paint un Gimp 2.0 programmas.

Proteina 3D attéli ieguti ar PyMOL programmu. (The PyMOL Molecular Graphics
System, Version 1.2r3pre, Schrodinger, LLC).
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3. REZULTATI UN DISKUSIJA

3.1. AGR221-175, AGRu41.175 un AGR241.175 E60A proteina producésana.

Visi tris AGR2 variacijas (AGR221.175, AGR41-175 un AGR241.175 E60A) N-gala satur
seSu histidinu virkni (His-tag) un TEV proteazes $kelsanas saiti (MAHHHHHHENLYFQS),
kas nepiecieSams prieks proteina attiriSanas ar nikela afinitates hromatografiju.

Visi proteini ekspreséti un attiriti péc protokoliem, kas ir detalizéti aprakstits
eksperimentala metodes nodala.

AGR221.175 un AGRu41-175 proteini tika ekspres@ti un attiriti péc nedaudz modificéta
protokola [18] un iznakumi no viena litra M9 barotnes bija 42 mg un 57 mg proteina attiecigi.

Izmantojot vietas virzitas mutagenézes metodi pET-Duetl AGR241.175 konstrukta ir
ievésta E60A mutacija, kas novers $1 proteina dimérizaciju.

AGR241-175 EBOA proteins no sakuma ir producéts LB barotné pie 37 °C un SDS-PAGE
analizes rezultati pieradija, ka proteins nav skistoss (9. att€ls). Tad AGR241.175 E60A proteins
tika producets zemaka temperatiira, 20 °C un SDS-PAGE analizes rezultati pieradija, ka
proteins ir $kistoss (10. attéls). 11. un 12. att€los var redzet attiecigi nikela afinitates un
gelfilracijas hromatogrammas. No 1 L LB barotnes sanaca attirit 120 mg proteina. Péc tam
proteins tika ekspres€ts M9 barotng, pie 20 °C, tas iznakums bija 90 mg proteina no 1 L M9

barotnes.
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9. attels. AGR241-175s E60A proteina lizes SDS-PAGE analize. Ladder — proteina markieris, Lys
— paraugs péc lizes, Pel — paraugs no nogulsném péc lizéto Siinu centrifugacijas. Sup — paraugs
no suprenatanta péc lizéto $tunu centrifugacijas. AGR241-175 E60A ekspresija 37 °C.

Figure 9. SDS-PAGE analysis of AGR241.175 EG0A protein lysis. Ladder — protein mass ruler,
Lys — sample after lysis, Pel — pellets sample after lysate centrifugation. Sup — supernatant after
lysate centrifugation. AGR241-17s E60A expression at 37 °C.
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10. attels. AGR241.175 E60A proteina lizes SDS-PAGE analize. Ladder — proteina markieris,
Lys — paraugs péc lizes, Sup — paraugs no suprenatanta péc liz€to Stnu centrifugacijas, Pel —
paraugs no nogulsném péc lizéto Stnu centrifugacijas, FT — supernatants, kas izgaja caur
HisTrap kolonnu; fr8, fr6, fr5, fr3 — frakcijas, kas tika eluétas no HisTrap kolonnas. AGR241-
175 E60A ekspresija 20 °C.

Figure 10. SDS-PAGE analysis of AGR241.175 E60A protein lysis. Ladder — protein mass ruler,
Lys — sample after lysis, Pel — pellets sample after lysate centrifugation. Sup — supernatant after
lysate centrifugation. FT — flow through from HisTrap column; fr8, fr6, fr5, fr3 — fractions of
the eluted protein from HisTrap column. AGR241-175 E60A expression at 20 °C.
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11. attels. HisTrap hromatogramma AGRZ241.175s EG0A ekspresetam 20°C. mAUzgonm — zila
linija; mAU2zs4nm — sarkana linija; B bufera gradients — zala linija.

Figure 11. HisTrap chromatogramm of AGR241-175s E60A expressed at 20 °C. mAU2gonm — blue
curve; mAUzsanm — red curve; gradient of B buffer — green curve.
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12. attels. Gelfiltracijas hromatogramma AGR241-.175_ E60A ekspresétam 20 °C. mAU2g0nm —
zila Itnija; mAU2zsanm — sarkana Iinija.

Figure 12. Gelfiltration chromatogramm of AGR241-175_ E60A expressed at 20 °C. mAU2gonm —
blue curve; mAU2ssnm — red curve.
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3.2. AGR241-175 E60A proteina SkelSana ar TEV-proteazi. Optimalo apstaklu

mekléjumi.

Lai apskatitu KMR spektra dabisko protetna AGR241.175 E60A formu His-tag tika
atskelts. Atrasti optimali apstakli His-tag SkelSanai. Tie ir 1 mg/ml proteina Skidums 10 mM
MES, 50 mM NaCl, 4 mM DTT, pH 6.5 buferi, kas ir samaisits ar TEV-proteazi attiecibas 1:5
(TEV-proteaze parakuma), noinkubéts, 16 stundas istabas temperatiira, 23 °C (13. attéls).

WO S W s <« TEV proteaze
25.0- W

18.4- <«— AGRu1.175_ E60A+His-tag
14.4- W - ' ' ‘ - ' ' ' “— AGR41-175_E60A
SO < His-tag

13. attels. SDS-PAGE analize TEV proteazes SkelSanas testu rezultatiem. 1. proteinu masas
markieris. 2. — AGR241.175 proteins pirms SkelSanas. 3. — SkelSanas paraugs 1. (1:10, 23 °C, 4
h). 4. — Skel$anas paraugs 2. (1:5, 23°C, 4 h). 5. — skelSanas paraugs 3. (1:10, 23 °C, 16 h) 6. —
SkelSanas paraugs 4. (1:5, 23°C, 16 h) 7. — SkelSanas paraugs 5. (1:10, 16 °C, 16 h) 8. —
SkelSanas paraugs 6. (1:10, 4°C, 16 h) 9. — skelSanas paraugs 7. (1:5, 4 °C, 16 h).

Figure 13. SDS-PAGE analysis of TEV protease cleavage test results. 1 — protein mass ladder;
2 — AGR241.175 protein before cleavage. 3 — cleavage sample 1. (1:10, 23 °C, 4 h). 4 — cleavage
sample 2. (1:5, 23°C, 4 h). 5 — cleavage sample 3. (1:10, 23 °C, 16 h). 6 — cleavage sample 4.
(1:5, 23°C, 16 h). 7 —cleavage sample 5. (1:10, 16 °C, 16 h). 8 — cleavage sample 6. (1:10, 4 °C,
16 h). 9 — cleavage sample 7. (1:5, 4 °C, 16 h).

3.3. Bufera sastava izvéle un reducéjoso agentu ietekme.

AGR241-175 E60A proteina KMR spektru uznemsanai un proteina testiem ar ligandiem
nepiecieSams izvéleties buferi, kura proteins ir stabils un aktivs. Tris bufer (pH intervals 7.0 —
9.0 (péc https://www.sigmaaldrich.com/)) ar pH 8 p&c aktivitates testiem ir zinams, ka proteins
ir stabilaks, bet maz aktivs, salidzinot ar MES buferi ar pH 6.5. (pH 8.0 — aktivitate
41.0-10* vien/mg/min, pH 6.5 — aktivitate 61.5-10™ vien/mg/min p&c insulina testiem) Tap&c
AGR?241.175s E60A proteina testéSanai ar ligandiem ir izvéléts 10 mM MES buferis ar pH 6.5.
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Papildus prieksroka skabaka bufera izmantosanai ir fakts, ka biezi audzg&ju audos ir pazeminats
pH [34].

Lidz ar to, ka AGR241175 E60A proteina aktivais centrs satur cisteinu un reakcijas ar
substratu piedalas $1 aminoskabe, svarigi ir izvEléties reducgjoso agentu, kas paturés cisteinu
(C81) sastava reducétaja stavokli. Lai izvE€lcties labako reducétaju proteinam ir uzmodel&ts
testa eksperiments ar L-cisteinu un potencialiem reducgjosiem agentiem.

Analizgjot 1 mM L-cisteTna oksidacijas tempus atkariba no reducgjosa agenta klatbiitnes
un bufera komponentes, speciali tika izv€létas ekvivalentas p&c reduc€Sanas potenciala
reducgjoso agentu koncentracijas (1 mM TCEP, 2 mM DTT un 5 mM 2-B-mercaptoetanols).

Testetus apstaklus var sakartot peéc oksideta L-cistetna daudzuma péc 85 stundam istabas
temperatiira (no mazaka uz lielaku) (14. attéls):

1. TCEP+10 mM Tris-Cl, pH 7.5/ TCEP+10 mM MES, pH 6.5
DTT+10 mM MES, pH 6.5
2-B-mercaptoetanols+10 mM MES, pH 6.5
DTT+10 mM Tris-Cl, pH 7.5
2-B-mercaptoetanols+10 mM Tris-Cl, pH 7.5
10 mM Tris-Cl, pH 7.5/10 mM MES, pH 6.5.

o ok~ D

TCEP salidzinot ar DTT var bt neizmantojams testos ar noteiktiem ligandiem, papildus
tam 2 mM DTT+10 mM MES, pH 6.5 parauga L-cisteina oksidéSanas pakape nebija loti
atskiriga no 1 mM TCEP+10 mM Tris-Cl, pH 7.5/ 1 mM TCEP+10 mM MES, pH 6.5
paraugiem (14. attéls (D)). Tapéc optimalakais bufers priek§ AGR2 proteina testiem ar
ligandiem ir 4 mM DTT+10 mM MES, pH 6.5.

Truklat, bufera sastava ir 50 mM NaCl, kas palidz proteina stabilizacijai un ir optimala

koncentracija prieks proteinu KMR.
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14. attels. (A) L-cisteina oksid€Sanas reakcija, veidojot cistinu. (B) DTT oksidésanas reakcija.
(C) 1.0 mM L-cisteina oksidésanas spektrs 2 mM DTT klatbatné (10 mM Tris-Cl, pH 7.5, 1D
'H KMR spektrs). Reducétas L-cisteina formas signali — sarkani aplisi, oksidétas formas L-
cisteina signali — zili apliSi. Reducétas DTT formas signali — zali aplisi, oksidétas formas DTT
signali — dzelteni aplisi. (D) L-cisteina oksidéSanas pakape atkariba no laika dazadi reducgjosu
agentu klatbtatné, 10 mM Tris-Cl, pH 7.5 un 10 mM MES-CI, pH 6.5.) (No FEBS3+ 2019
konferences 31. postera)

Figure 14. (A) L-ciysteine oxydation reaction, formation of cystine. (B) DTT oxydation reaction
(C) 1.0 mM L- ciysteine oxydation spectrum in the presence of 2 mM DTT (10 mM Tris-Cl,
pH 7.5, 1D *H NMR spectrum). Reduced L-cysteine signals — red circles, oxydased L-cysteine
signals — blue circles. Reduced DTT signals — green circles, oxydased DTT signals — yellow
circles. (D) L-cysteine oxydation level depending on time in the presence of different reducing
agents (10 mM Tris-Cl, pH 7.5 and 10 mM MES-CI, pH 6.5.) (From FEBS3+ 2019 conference
poster 31.)

3.4. AGR231.175 un AGR41-175 proteinu KMR pétijumi

Ta ka AGR2 pirmas 20 aminoskabes ir signalu sekvence un nobriedusajam proteinam
ir atSkelta [17], mes izvélejamies AGR221-175 ka pirmo pétijuma objektu. AGR2,1.175 teorétiska
molekulmasa ir 19.98 kDa. Literaturas dati [18] paredz, ka tam javeido stabilo dim&ru ar
molekulmasu 39.96 kDa, kas parsniedz skidrumu KMR proteinu molmasas limitu. Rezultata,
AGR21-175 proteins izradijas nepiemérots KMR pétjjumiem. Uznemti spektri ir ar zemu
iz8kirsanu, lidz ar to, ka proteina masa 30 kDa ietekmé spektru, palielinot piku platumu, un to
nevar kvalitativi salidzinat ar literatiiras datiem (15. attels, A). Sis proteins (neieziméta forma)
talak bija nodots misu kolégiem no Farmaceitiskas Farmakologijas laboratorijas aktivitates

testiem.
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15. attéls. 2D 'H-°N 1H-15N-HSQC KMR spektri. (A) N-iezim&ta - AGR21-175 proteina
spektrs. (B) °N-iezim&ta - AGRa1-175 proteina spektrs.

Figure 15. 2D H-"N 1H-15N-HSQC NMR spectra. (A) Spectrum of *N labelled AGR21-175
protein. (B) Spectrum of **N labelled AGR41.175 protein.

Ar mérki uzlabot spektra kvalitati, izveidots AGR241.175 proteina konstrukts. Péc Patela
(2009) datiem ir zinams, ka 21-40 AGR2 proteina aminoskabju regions ir nestrukturéts un
neietekm€ proteina aktivitati, bet iesp&jams atbild par Siinu adhézijas uzlaboSanu. Pie kam, Sis
fragments neietekmé CPHS aktivo centru. AGR241-175 spektri arT ir ar nepietieckamu kvalitati
(15. attels. B). Seit spektra izskatu ari ietekm& AGR2 proteina sp&ja veidot homodimerus, lidz
ar to proteina masa spektra uznemsanas laika ir nevis 17.4 kDa (monomgra teorétiska masa),

bet 34.8 kDa.

3.5. AGR241.175 E60A proteina KMR pétijumi

3.5.1. AGR241175_E60A Relaksacijas laika analize

Lai pieraditu AGR241.175 E60A proteina monoméro formu, proteinam ar atSkeltu His-
tag uznemti *H-*N-pseido 3D spektri °N T; un T relaksacijas laika noteikSanai (16. attels).
P&c spektru integralu analizes, izmantojot vienadojumus (2) un (3) aprékinati N T1 un T,
relaksacijas laiki: Ty = 718,42 ms (17. attéls) un T2 = 86,82 ms (18. attels).

Talak ieglitas ®N Ti un T, vértibas tika izmantotas vienadojuma (4) tc vértibas
aprékinam. Seit 1. ir 8.6 ns. Péc 1tcatkaribas no proteinu masas grafika (péc
www.nmr2.buffalo.edu/) ir atrasta teorétiska proteinu molmasa, kas ir aptuveni 14.1 kDa (19.

attels).
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legiita teorétiska masa 14.1 kDa ir tuva realai °N iezim&ta AGR241.175_ E60A masai

(15.6 kDa) tas pierada, ka AGR241.175 E60A $kiduma ir monomeérs.
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16. attels. AGR241.175. E60A proteina ar atskeltu His-tag KMR spektri Ty un T relaksacijas
laiku atrasanai. A. Pulsa sekvence 1H-15N-HSQCtletf3gpsi3d Ti relaksacijas laika atrasanai.
B. Pulsa sekvence 1H-15N-HSQCt2etf3gpsi3d T relaksacijas laika atrasanai.

Figure 16. AGR241-175_E60A with cleaved His-tag protein NMR spectrum for T1 and T»
relaxation time finding. A. Pulse sequence 1H-15N-HSQCtletf3gpsi3d for T1 relaxation time.
B. Pulse sequence 1H-15N-HSQCt2etf3gpsi3d for T- relaxation time.
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17. attels. Grafiks Ti relaksacijas laika aprékinasanai. Integrali panemti 10-8.5 ppm regiona. Y
— absoluta integrala vértiba; X — mainiga aizture.

Figure 17. Plot for T1 relaxation time finding. Y — integrals of 10-8.5 ppm region. X variable
delay.
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18. attels. Grafiks T relaksacijas laika aprékinasanai. Integrali panemti 10-8.5 ppm regiona. Y
— integrala veértiba; X — mainiga aiztures atkartoSana.

Figure 18. Plot for T relaxation time finding. Y — integrals of 10-8.5 ppm region. X variable
counter.
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19. att€ls. tc atkaribas no proteinu masas grafiks (adoptéts no www.nmr2.buffalo.edu/). Ar
sarkanu krasu ir paradita tendences likne Iinija. Ar ziliem apliSiem apziméti dazadu proteinu
masas un tc dati. Uz grafika ir paradits trenda Iinijas vienadojums un R? vértiba. Ar zalo
rombinu ir paraditi AGR241-175 E60A ar atSkelto His-tag dati.

Figure 19. Plot of ¢ versus protein mass (www.nmr2.buffalo.edu/). Trendline is shown in red.

Equation and R? value are shown on plot. Blue circles — different protein data points. Green
rhombus — AGR241.175 EGOA with cleaved His-tag data point.
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3.5.2. N ieziméta AGR241.175 E60A salidzinajums ar literatiiras datiem.

15N iezimétam AGR241-175 E60A ar un bez His-tag ir uznemti 2D *H-*N HSQC spekri,
ka arf 3D [*H-'H]-NOESY-®N-HSQC un [*H-'H]-TOCSY-*N-HSQC spektri, lai adoptétu
pamatk&des asignéSanu un salidzinatu miisu iegiitos datus ar literatiiras datiem. Rezultata var
redzet, ka musu proteina struktiira neatskiras no publicétiem datiem, ko ieguva Patels (2009).
Gan Patel (2009) pétijuma nebija atrasti visu aminoskabju signali, gan arT misu iegiitajos
spektros trukst dazu pieradito aminoskabju signalu (N34, Y76), tomér spektri labi sakrit (20.
attels).
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20. attgls. 2D *H-N-HSQC KMR spektru simulacija uztaisita Excel programma. Ar ziliem
punktiem ir apziméti AGR2s.175 E60A proteina signali, kas iegiiti Patela pé&tijuma
(www.bmrb.wisc.edu) (20 mM fosfats (pH 6.0), 150 mM NaCl, 3 mM DTT, 0.3 — 1.2 mM
proteins), ar sarkaniem punktiem ir apziméti masu darba iegitie signali (10 MM MES (pH 6.5),
50 mM NaCl, 4 mM DTT, 0.5 mM proteins). Ar violetiem kvadratiem apziméti signali no
aminoskab&m, kas atrodas aktivaja centra (C81; H83; S84), signalu no prolina-82, kas ari
atrodas aktivaja centra nevar redzét 2D *H-°N-HSQC spektros. Zili signali, kas neparklajas ar
sarkaniem un nav apziméti nak no aminoskabes blakuskédes un nebija nemti véra misu
pétijuma.

Figure 20. Simulation of 2D *H->N-HSQC NMR spectra was performed with Excel program.
Blue dots indicate AGR241-175 E60A protein signals from the Patela study
(www.bmrb.wisc.edu) (20 mM phosphate (pH 6.0), 150 MM NaCl, 3 mM DTT, 0.3 - 1.2 mM
protein), with red dots indicate the signals obtained in our work (10 mM MES (pH 6.5), 50 mM
NaCl, 4 mM DTT, 0.5 mM protein). Purple squares indicate signals from amino acids in the
active site (C81; H83; S84), signals from proline-82, which are also in the active site, cannot
be seen in the 2D H-®N-HSQC spectra. Blue signals that did not overlap with red and were
not labeled came from amino acid residues side chains and were not considered in our study.
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Parsvara nobizu atskiribas ir novérojamas aminoskab&m no aktiva centra (C81; H83;
S84) un blakus esosa (E80). Pamatojums tadai atSkiribai var biit buferu atskiriba un proteinu
dazada oksidacijas pakape, jo tieSi tioredoksinam lidzigs doméns ir visvairak jutigs uz

reduc@sanas-oksidésanas reakcijam.
3.5.3. ®Nieziméta AGR241.175 EGOA proteina ar un bez His-tag salidzinajums.

Lai parbauditu, ka His-tag stipri neietekmé pamatk&des nobides un negativi neietekmé
proteina aktivitati, bija uztaisiti divi AGR241.175 E60A: ar un bez His-tag. Abam proteina
versijam

bija uznemti
2D 'H->N-HSQC spektri, un péc tam salidzinatas kimiskas nobides (21. attéls). Lielakoties
spektri sakrit, tom&r AGR2s1.175_ E60A protetnam ar His-tag paradas jauni signali, kuri
visdrizak atbilst N-gala His-tag vai TEV proteazes SkelSanas aminoskabju sekvencei. Lai
noteiktu, kadam aminoskabém atbilst jaunie signali, nepieciesams iegiit dubultiezimétu *C, °N
AGR241.175 E60A proteinu un tam uznemt HNCA, HNCO un HN(CA)CO spektru komplektu

pamatkédes asignésanai..
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21. attéls. N iezim&tu AGR2s1175 E60A proteinu 2D H-®N-HSQC KMR spektru
salidzinajums. Ar zilo krasu ir apziméti AGR241-175s E60A proteina ar His-tag signali. Ar
sarkanu krasu apziméti AGR241-175 E60A proteina bez His-tag signali. (A) Pilnais spektrs. (B)
Palielinatais spektrs. Ar melnam bultinam apziméti signali, kuru nav abos spektros.

Figure 21. Comparison of 2D H-®*N-HSQC NMR spectra of °*N-labeled AGR241-175 E6G0A
proteins. The AGR241.175s E60A protein with His-tag signals marked in blue. AGR241.175s EGOA
protein without His-tag signals marked in red. (A) Full spectrum. (B) Zoomed spectrum. Signals
that are not present in both spectra are indicated with black arrows.
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Lai salidzinatu nobizu at3kirtbas AGR241.175 E60A ar un bez His-tag, ir veikta *H un *N
kimisko nobizu saildzinasana péc Williamsona (2013) [26] metodes ar python 2.7. skriptu un
izveidots grafiks (22. att€ls). M&s novérojam, ka nobizu atSkiribas galvenokart ir ladétam
aminoskabém (K95, K116) un polaram (Q51, Q85, N108) un ari trim liecinam (L78, L107,
L161). Attela 23. ir paradits, kur telpiski proteina atrodas §is aminoskabes.

Ladeto un polaro aminoskabju nobides var izskaidrot ar iesp&jamo buferu pH
neprecizitati, tas ka atskirigi aminoskabju signali atrodas parsvara uz proteina virsmas, atbalsta
So teoriju. Pagaidam mums nav skaidrs, kas var&ja stipri ietekmét leicina kimiskas nobides
izmainu. lesp€ams, ka N-terminala aminoskabju skevence ielocas tam blakus un izmaina
apkartgjo vidi.

Ta ka izmainas spektra ir minimalas, talakie proteina-liganda mijiedarbibas pétijumi
veikti izmantojot neskelto proteina versiju, jo TEV proteazes SkelSana var negativi ietekmét
proteina aktivitati tadel, ka proteins tiek 16 stundas inkubéts istabas temperatiira. Par to ari
liecina aktivitates testi (3kelta AGR241.175 EG0A aktivitate — 30.6-10* vien/mg/min, neskelta
AGR241-175 EB0A aktivitate — 61.5-10™ vien/mg/min péc insulina testiem)
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22. attels. *H un °N kimisko nobizu salidzindjuma grafiks AGR241.175_ E60A proteiniem ar un
bez His-tag.

Figure 22. Plot of *H and *N chemical shift comparison for AGR241-175_E60A proteins with
and without His-tag.
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23. att€ls. PyMOL simuléta (PDB ID 2LNT) AGR241.175s E60A proteina struktiira ar atzZimétam
aminoskab&m, kam tika noverota vislielaka atSkiriba kimiskajas nobides, salidzinot proteinu ar
un bez His-tag. Ar oranzo krasu atzimé&tas polaras un ladétas aminoskabes, ar violeto krasu
atztmeti leicini, ar gaisi zilu krasu apziméts aktivais centrs.

Figure 23. The structure of the PyMOL simulated (PDB ID 2LNT) AGR241-175 E60A protein
with labeled amino acids, that had the largest difference in chemical shifts compared to the
protein with and without His-tag. Polar and charged amino acids are marked in orange, leucines
are marked in purple, and the active site is marked in cian.

3.6. AGR241-175 E60A mijiedarbiba ar ligandiem

°N iezimétam AGR241.175 E60A proteinam ar His-tag ir uznemti 2D H-N-HSQC
spektri kopa ar Leakadinu un aziridin-2-karbonskabes N-sulfonil atvasinajumu (struktiira netiek
radita). P&c spektru analizes noskaidrots, ka Leakadins, kas satur neaktivéto aziridina ciklu,
nereag€é ar AGR241175 E60A (12. attéls). Lekadina pievienoSana parakuma (Iidz 4
ekvivalentiem) ar1 neizraisija proteina-liganda mijiedarbibu (24. attels, C). Parauga inkubacija
istabas temperatiira uz 24 h (24. attéls, D) arT nesekméja reakciju. Izskatas, ka pie pH 6.5
aziridina cikla atvérSana ir paléninata, ka ar1 Leakadina elektrofilas 1pasibas ir vajas, lai izraisitu

reakciju ar C81 ka nukleofTlu.
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24. attels. 2D *H-N-HSQC spektri AGR241-175_ E60A un Leakadina testésanai 10 mM MES
(pH 6.5), 50 MM NaCl, 4 mM DTT buferi. Ar zilo krasu apziméti signali no proteina apo
formas, ar sarkano krasu apziméti signali proteinam ar noteikto liganda koncentraciju. (A), 0.6
mM proteins, 0.3 MM Leakadins 1:0.5; (B), 0.6 mM proteins, 0.6 mM Leakadins, 1:1; (C), 0.6
mM proteins, 2.4 mM leakadins, 1:4; (D), 0.6 mM proteins, 2.4 MM Leakadins, 1:4, péc 24
stundu inkubacijas 23°C.

Figure 24. 2D 'H-"*N-HSQC spectra for AGR241-175s E60A and leakadine testing. Blue indicates
signals from leakadine-free protein, red indicates signals with a defined ligand concentration.
(10 mM MES (pH 6.5), 50 mM NaCl, 4 mM DTT, 0.6 mM protein) (A), 0.6 mM protein, 0.3
mM Leakadine 1: 0.5; (B), 0.6 mM protein, 0.6 mM Leakadine, 1: 1; (C), 0.6 mM protein, 2.4
mM leakadine, 1: 4; (D), 0.6 mM protein, 2.4 mM Leakadine, 1: 4, after 24 hours incubation at
23°C.

Testos ar aktivéto aziridin-2-karbonskabes N-sulfonil atvasinajumu (struktiira netiek
radita) tika noverota proteina-liganda mijiedarbiba (25. attéls). Ir pamanits, ka AGR241-175
E60A proteina klatbiitng ir palielinajusies $1 savienojuma $kidiba, jo parasti tidens skidumos tas

izkrit nogulsnés pie 450 M koncentracijas, tomér ar AGR241.175 E60A proteinu nogulsnes
42



netika noverotas ar sasniedzot 640 uM koncentraciju. AGR24:-175s EG0A reakcija ar aziridin-2-
karbonskabes N-sulfonil atvasinajumu ir izmainas tika novérotas tikai sasniedzot proteina-
liganda attiecibu 1:2 (25. att€ls, B). Attiecibas 1:1 spektrs neatskiras no apo-formas spektra (25.
att€ls, A). Kad proteina-liganda attieciba bija 1:2, spektra stipri samazinajas intensitate trim
signaliem (L169, L78, K88), ka ari Cetri signali pazuda (E80, C81, H83, S84 — aktivais centrs).
Attela 28. var redzét 3D AGR241-175 E60A proteina modeli, kur attéloti, kam visvairak
izmainijas aminoskabju nobides, kad proteina-liganda attieciba bija 1:2.

Titrgjot protetnu ar ligandu talak, spektra novéro vél vairak izmainu (25. attéls, C,
attieciba 1:3). V&l vairak signalu vai nu stipri parbidijas, vai art izzuda no spektra. Ta ka parauga
pH péc titréSanas izmainijas tikai par 0.3 un nogul$nu veido$anas nebija novérota, mées
uzskatam, ka notika papildus reakcija starp proteinu un ligandu. lespgjams, ka proteina ir vel
viens aktivais centrs, kas varétu veikt nukeofilo aziridina cikla atvérSanu. Tacu tam, visticamak,
ir zemaka afinitate neka CPHS katalitiskai sekvencei. Lai apstiprinatu $o hipotézi ir planots
uztaisit dubultieziméto *°N,*C AGR241.175 E60A proteinu, piesatinat to ar aktivéto aziridin-2-
karbonskabes atvasinajumu un asignét pamatkédi proteina-liganda kompleksam.

Uz doto bridi asignéto aminoskabju kimisko nobizu starpiba ir atspogulota 26.
(proteina-liganda attieciba 1:2) un 27. (proteina-liganda attieciba 1:3) attelos.

Lai noverstu iesp&jamibu, ka novérojamas izmainas ir saistitas ar bufera pH mainu, ka
arT lai parbauditu vai ligands saistas pie proteina kovalenti, péc reakcijas tika uztaisita proteina-
liganda kompleksa dialize izmantojot membranu ar 10 kDa poru izméru,. Spektrs péc dializes
neatskiras no spektra pirms dializes, kas pierada liganda kovalento saistibu. Turklat, nemot véra
loti stipras izmainas spektra, iesp&jams ka proteina ir divi aktivie centri, kas saista ligandu
kovalenti.

Talakos pétijumos par AGR241.175 E60A proteinu mijiedarbibu ar ligandiem ir planots

notestet vairakus aktivétus aziridina atvasinajumus un izpétit to saistibas mehanismu.
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25. attels. 2D H-°N-HSQC spektri AGR241-175 E60A un aziridin-2-karbonskabes N-sulfonil atvasinajuma test&$anai. Ar zilo krasu apziméti signali no
proteina apo formas, ar sarkano krasu apziméti signali proteinam ar ligandu. (10 mM MES (pH 6.5), 50 mM NaCl, 4 mM DTT, 0.3 mM proteins).(A)
Proteina un liganda koncentraciju attieciba 1:1. (B) Proteina un liganda koncentraciju attieciba 1:2. (C) Proteina un liganda koncentraciju attieciba 1:3.

Figure 25. 2D *H-®"N-HSQC spectra of AGR241-175 EG0A tests with azirinde-2-carboxylic acid N-sulfonyl derivative. Protein apo form — blue, protein
after adding ligand — red (10 mM MES (pH 6.5), 50 mM NaCl, 4 mM DTT, 0.3 mM protein).(A) Protein to ligand concentration 1:1. (B) Protein to
ligand concentration 1:2. (C) Protein to ligand concentration 1:3.
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26. attéls. *H un N kimisko nobizu salidzinajuma grafiks AGR241-175 E60A proteinam pirms
un pec reakcijas ar aziridin-2-karbonskabes N-sulfonil atvasinajumu attiecibas 1:2.

Figure 26. *H and >N chemical shifts comparison plot for AGR41-175s E60A protein before and
after the reaction with azirinde-2-carboxylic acid N-sulfonyl derivative at ratio 1:2.
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27. attéls. *H un N kimisko nobizu salidzinajuma grafiks AGR241-175 E60A proteinam pirms
un péc reakcijas ar aziridin-2-karbonskabes N-sulfonil atvasinajumu attiecibas 1:3.

Figure 27. *H and **N chemical shifts comparison plot for AGR41-175 E60A protein before and
after the reaction with azirinde-2-carboxylic acid N-sulfonyl derivative at ratio 1:3.



28. attels. PyMOL simuléta (PDB ID 2LNT) AGR241-175 E60A proteina struktira ar atzimétam
aminoskabém (ntjinas), kam tika novérota vislielaka atSkiriba kimiskajas nobidés péc 1:2
proteina-liganda reakcijas. Krasas temperatiira korelé ar nobizu izmainu (Sarkana krasa —
vislielakas nobides izmainas, zila krasa - vismazakas).

Figure 28. PyMOL simulated (PDB ID 2LNT) AGR241-175 E60A protein structure with
labeled amino acids (sticks), for which the largest difference in shifts was observed after 1:2
protein-ligand reaction. Color temperature correlates with the change in shifts (red for the
largest change in shifts, blue for the least).
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4. SECINAJUMI

Izstradats protokols AGR221.175, AGR241.175 un AGR241-175 E60A iegtisanai no E. Coli
Stinam aktiva un stabilizéta forma.

AGR?2 reducétas formas uzturésanai vislabak darbojas DTT vismaz divreizgja parakuma.
Atrasti optimalai apstakli AGR2 proteinu His-tag noskel$anai ar TEV-proteazi.

legiitas primaras zinasanas un iemanas darbam ar KMR spektrometru.

His-tag minimali ietekm& AGR241.175 E60A struktiiru, un neietekmé tas aktivitati.
Leakadins, un, iesp&jams, citi lignadi ar neaktivéto aziridina ciklu nevar bt AGR2
inhibitori.

Ligandi ar aktivéto aziridina ciklu kovalenti piesaistas pie AGR2 aktiva centra, visticamak
— caur nuklefila, C81, reakciju ar aziridina ciklu.

DTT parakums parauga netraucg aziridin-2-karbonskabes N-sulfonil atvasinajuma

kovalentai reakcijai ar AGR241-175 EGOA.
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1. attéls. pET-Duet-1_AGR221.175 (A), pET-Duet-1_AGR241-175 (B) un pET-Duet-1_AGR241-175 E60A (C) vektoru Kartes.

Figure 1. pET-Duet-1_AGR221.175 (A), pET-Duet-1_AGR241.175 (B) and pET-Duet-1_AGR241.175s EGOA (C) vector map



2. Pielikums

1. tabula.
Identificétie PDI/ER
Table 1.
Identified PDIS/ERps
Valsts Suga Proteins Kods Dor.nénu Doména garums ER-R
skaits (aminoskabes)
Txl | Tx2 | Tx3 | Tx4
Protoctista D_|cty_osteI|um Thioredoxin | AAA33258 | 1 99
discoideum
Dictyostelium ERp5-like | AAO52262 | 1 106 KDEL
discoideum
Dictyostelium | oy, 1y AABB6685 | 2 108 | 108 —
discoideum
Giardia lamblia | PDIL AAD09365 | 1 108 —
Giardia lamblia_| PDI2 AAD09366 | 1 102 —
Giardia lamblia_| PDI3 EAA39666 | 1 102 —
Giardia lamblia_| PDI4 AAK27796 | 1 102 DKEL
Giardia lamblia | PDI5 EAA37982 | 1 102 —
Fungi Saccharomyces | o rodoxin | NP_011725 | 1 104
cerevisiae
saccharomyces | \ 1oy NP 014931 |1 HDEL
cerevisiae -
saccharomyces | \ 1oy NP_014553 | 1 HDEL
cerevisiae -
Saccharomyces | £ NP_010806 |2 108 | 108 HDEL
cerevisiae
Saccharomyces | o) NP_009887 | 2 106 | 107 HDEL
cerevisiae
Viridiplantae Aral_:ndop5|s Thioredoxin | NP_187483 | 1 112
thaliana
Arabidopsis ERpS7a | NP_173594 | 2 106 | 106 KDEL
thaliana
Arabidopsis ERpS7b | NP_177875 | 2 107 | 107 KDEL
thaliana
Arabidopsis PDIa NP_191056 |2 103 | 107 KDEL
thaliana
Arabidopsis PDIb NP_ 1851234 | 2 107 | 107 KDEL
thaliana
Arabidopsis PDIC NP 188232 |2 107 | 107 KDEL
thaliana
Arabidopsis PDId NP_ 175636 | 2 107 | 107 KDEL
thaliana
Arabidopsis ERp5 NP 180851 |2 104 | 105 KDEL
thaliana
Arabidopsis
thaliana ERp5a NP_171990 | 2 107 | 107 KDDL
Arabidopsis ERp5b NP 182269 | 2 107 | 107 —
thaliana
Metazoa Caenorhabditis Thioredoxin | NP_495626 | 1 104
elegans -
Caenorhabditis | poie/100 | NP 496599 | 1 108 KKEL
elegans
Caenorhabditis | epiia/1on | NP 508381 | 1 105 KEEL
elegans




Domeénu

Doména garums

Valsts Suga Proteins Kods skaits (aminoskabes) ER-R
Caenorhabditis
olegans ERp4da NP 501303 | 1 107 KSEL
Caenorhabditis
olegans ERp44b NP 491589 | 1 107 KTEL
Caenorhabditis | 57 NP 491995 | 2 106 | 106 KTEL
elegans -
Caenorhabditis | oy NP 191056 | 2 107 | 107 HTEL
elegans -
Caenorhabditis | oy NP 497746 | 2 105 | 105 HEEL
elegans -
Caenorhabditis | £, NP_499613 | 2 107 | 107 KTEL
elegans -
Caenorhabditis | g, NP 509190 | 2 107 | 107 KTEL
elegans -
Caenorhabditis | o7, NP 498775 | 3 101 | 105 | 107 KDEL
elegans -
Caenorhabditis | £ 55 NP_493010 | 4 101 | 106 | 107 | 104 | HDEL
elegans -
Drosophila Thioredoxin | NP_572212 | 1 106
melanogaster -
Drosophila ERp44a NP 573111 |1 107 KDEL
melanogaster -
Drosophila ERp44b NP_649716 | 1 107 RDEL
melanogaster -
Drosophila ERp57 NP_725084 | 2 106 | 106 KTEL
melanogaster -
Drosophila PDI NP_524079 | 2 105 | 105 KDEL
melanogaster
Drosophila ERp5 NP_609792 | 2 105 | 108 KDEL
melanogaster
Drosophila PDI-R NP_609645 | 3 109 | 105 | 105 RTEL
melanogaster
Drosophila ERp46 NP 572742 | 3 106 | 104 | 106 HDEL
melanogaster
Homo sapiens Thioredoxin | NP 003320 | 1 105
Homo sapiens ERpl8/19 NP 056997 |1 107 EDEL
Homo sapiens HAG-2 NP 006399 |1 103 KTEL
Homo sapiens HAG-3 NP 789783 |1 104 QSEL
Homo sapiens ERp44 Q9BS26 1 103 RDEL
Homo sapiens ERp57 NP 005304 | 2 105 | 105 QEDL
Homo sapiens PDI NP_000909 | 2 108 | 104 KDEL
Homo sapiens PDIP NP 006840 | 2 106 | 106 KEEL
Homo sapiens ERp5 NP 005733 | 2 105 | 108 KDEL
Homo sapiens ERp72 NP 004902 | 3 105 | 105 | 107 KEEL
Homo sapiens PDI-R NP 006801 | 3 108 | 106 | 107 KEEL
Homo sapiens ERp46 NP 110437 |3 105 | 104 | 105 KDEL
Homo sapiens ERdJ5 NP 061854 | 4 103 | 100 | 106 | 103 | KDEL
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3. Pielikums
Protetna sekvence (ar sarkanu paradits tioredoksinam lidzigs motivs, ar dzelteno His-tag

un ar zalo TEV proteazes Skelsanas saite):

10 20 30 40 50 60
MAHHHHHHENBE¥EQ|SPOTLS RGWGDQLIWT QTYEAALYKS KTSNKPLMII HHLDE[JEEEO

70 80 90 100 110 120
ALKKVFAENK ETIQKLAEQFV LLNLVYETTD KHLSPDGQYV PRIMEVDPSL TVRADITGRY

130 140 150
SNRLYAYEPA DTALLLDNMK KALKLLKTEL

AGRu41-175 E60A parametri:
Molekulara masa: 15623.01 kDa
Teoréetiskais pl: 7.81
Ekstinkcijas koeficients: 21430

AGRu41-175 E60A ar His-tag parametri:
Molekulara masa: 17442.99 kDa
Teoréetiskais pl: 7.16

Ekstinkcijas koeficients: 22920
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4. Pielikums
Clustal Omega AGR241.175, AGR241.175 EBOA un AGR221-175 salidzinajums

CLUSTAL O(1.2.4) multiple sequence alignment

AGR2 uniprot MEKIPVSAFLLLVALSYTLARDTTVKPGAKKDTKDSRPKLPQTLSRGWGDQLIWTQTYEE 60
E60A cleaved  ——=mmmmmmmmmmm e SPQTLSRGWGDQLIWTQTYEA 21

R R 3

AGR2 uniprot ALYKSKTSNKPLMITIHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 120
E60A cleaved ALYKSKTSNKPLMITHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 81

R IE dh dh dh kg bk kb b bk b b 2k b b h b bk E h kb b b b b b b b bk dh b b bk b b b b 3 b bk i

AGR2_uniprot DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 175
E60A cleaved DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 136

R IR Ik E E E kb b b b b b bk h E E JE E h dE E E h b E kb b h b b b 3E 2E b b dE 3k bk

CLUSTAL O(1.2.4) multiple sequence alignment

AGR2wt MEKIPVSAFLLLVALSYTLARDTTVKPGAKKDTKDSRPKLPQTLSRGWGDQLIWTQTYEE 60
AGR2wt 21-175 mmmmmmmmmm—m————— o RDTTVKPGAKKDTKDSRPKLPQTLSRGWGDQLIWTQTYEE 40
AGR2 41-175 E60A (2LNT) ———————==== === mm—— oo IDPFTPQTLSRGWGDOLIWTQTYEA 25
AGR2_41-175 E60A (OUr) ——————=—————— o m o m oo SPQTLSRGWGDQLIWTQTYEA 21

R R R

AGR2wt ALYKSKTSNKPLMITHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 120
AGR2wt_21-175 ALYKSKTSNKPLMIIHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 100
AGR2_41-175_E60A (2LNT) ALYKSKTSNKPLMIIHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 85
AGR2_41-175_E60A (our) ALYKSKTSNKPLMIIHHLDECPHSQALKKVFAENKEIQKLAEQFVLLNLVYETTDKHLSP 81

KA A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR A A A Ak Kk Kk kK

AGR2wt DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 175
AGR2wt 21-175 DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 155
AGR2_41-175_E60A (2LNT) DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 140
AGR2_41-175_E60A (our) DGQYVPRIMFVDPSLTVRADITGRYSNRLYAYEPADTALLLDNMKKALKLLKTEL 136
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