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Abstrakt

Infekce lidskymi papillomaviry (HPV) je zeyjména v rozvojovych zemich stale velkym
problémem. Pfestoze jsou proti HPV komeréné dostupné profylaktické vakciny, je jejich
vyuziti ekonomicky naro¢né a nefesi problém jiz infikovanych osob. Proto se vyviji dalsi usili
vedouci ke vzniku terapeutickych vakcin a zaroven se hledaji postupy vedouci ke sniZeni
produk¢ni ceny profylaktickych vakcin. Virové proteiny, jako naptiklad E7 onkoprotein a L2
kapsidovy protein z HPV typu 16, patii mezi slibné kandidaty pro pfipravu experimentalnich
vakcin proti HPV.

V predkladané praci jsme optimalizovali expresi mutovaného E7 onkoproteinu (E7ggg)
piipojené¢ho k C-konci kapsidového proteinu (CP) Viru tabakové mozaiky (TMV) nebo X viru
bramboru (PVX). Byl sledovan vliv linkerti spojujicich CP a E7ggg na expresi a stabilitu
faznich proteinti. Fuzni proteiny byly nejprve produkovany v bakteriich Escherichia coli
(E. coli) MC1061 a poté v netransgennich 1 transgennich rostlindch Nicotiana benthamiana
(N. benthamiana). Protoze se fuzni proteiny obsahujici TMV CP piipravené v E. coli
produkovaly v nerozpustné podob¢, byl pro zvyseni podilu rozpustnych proteinti testovan vliv
molekularnich chaperont (Trigger faktoru (TF), DnaK-DnaJ-GrpE, GroEL-GroES). L2;05.120
epitop piipojeny k C-konci PVX CP byl produkovan v transgennich rostlinach
N. benthamiana nesoucich gen pro pohybovy protein (MP) z TMV. Piipojeni E7ggg a
L2108-120 na C-konec PVX CP je prvnim ptikladem fiize v této pozici popsanym v literatufe.

Dalsi ¢asti prace se zabyvaji charakterizaci vlastnosti exprimovanych fiznich proteinti
jako jsou rozpustnost, stabilita, schopnost reagovat s ptisluSnymi protilatkami a schopnost
tvofit viru podobné ¢astice (VLP).

Biotechnologické vyuziti rostlin jako nového produkéniho systému pro medicinsky cenné
proteiny zaloZzené na vyzkumu variabilnich expresnich kazet odvozenych od rostlinnych virt

je nadéjnou koncepci pro piipravu experimentéalnich vakcin v rostlinach.



Abstract

Even though prophylactic vaccine against human papillomavirus (HPV) is currently
licensed, infections by the virus continue to be the major health problem mainly in developing
countries. Considerable effort is being devoted to preparation of therapeutic vaccine and to
decrease of the production costs of current vaccine. Viral proteins such as the E7 oncoprotein
and the L2 capsid protein from HPV type 16 are promising targets for the development of the
experimental anti-HPV vaccine.

The aim of our work was optimization of expression of mutagenized E7 oncoprotein
(E7ggg) fused to the C-terminus of Tobacco mosaic virus (TMV) coat protein (CP) or Potato
virus X (PVX) CP in viral vectors derived from these plant viruses. The impact of linkers
connecting CP and E7ggg fusion partners on expression and stability of fusion proteins was
examined. The fusion proteins were first expressed in Escherichia coli (E. coli) MC1061 to
assess the characteristics of the recombinant protein prior to their transient expression in both
non-transgenic or transgenic Nicotiana benthamiana (N. benthamiana). We have obtained the
high level expression in E. coli, but most of the expressed proteins based on TMV CP
remained in insoluble inclusion bodies. To increase the ratio of soluble protein various
molecular chaperones (Trigger factor (TF), DnaK-DnaJ-GrpE, GroEL-GroES) were used. The
L210s8-120 epitope fused to the C-terminus of PVX CP was successfully expressed in transgenic
N. benthamiana carrying gene for movement protein (MP) from TMV. Fusion of E7ggg or
L2108-120 to the C-terminus of PVX CP is the first report of the C-terminal protein/epitope
fusion with PVX CP in planta.

Other topic solved in our work was the characterization of some properties of expressed
fusion proteins like solubility, stability, immunological reactivity and ability to form virus-
like particles (VLP).

Biotechnological use of transient expression of pharmaceutical proteins in plants using
viral vectors derived from plant viruses seems to be a promising nascent technology for

production of experimental vaccines and pharmaceutical proteins in plants.



Uvod

Pro produkci heterolognich proteini v rostlinach se ujalo oznaceni ,,plant molecular
farming“, péstovani proteinli v rostlindch. Proteiny pfipravené v rostlindich nejsou
kontaminované savéimi patogeny nebo bakteridlnimi toxiny. Navic jsou rostliny relativné
levnym a nenaroénym produkénim systémem, ktery zajiSt'uje posttranslaéni modifikace a
spravné poskladani proteini (Cunningham a Porter, 1998).

Heterologni proteiny mohou byt v rostlinach produkovany bud’ trvale (permanentn¢) nebo
prechodné (transientn€). Pfi transientni expresi je gen pro heterologni protein exprimovan
pouze docasné. Pro transientni expresi heterolognich proteini se vyuzivd pozménénych
rostlinnych virQi, tzv. rostlinnych virovych vektort (Gleba a kol., 2004). S malymi genomy
rostlinnych virti se pomérné snadno manipuluje, inokulace rostlin je jednoducha a rychla a
vlozené sekvence jsou amplifikovany do vysokych koncentraci. Na druhou stranu mohou byt
tyto konstrukty nestabilni, coz miize mit za nasledek ztratu vloZeného genu rekombinaci
(Angell a Baulcombe, 1997). Rostlinné virové vektory jsou odvozeny od virl, které se v
hostitelské rostliné mnozi do vysokych titri a jsou snadno ptrenosné. Jsou to naptiklad vektory
odvozené od TMV nebo PVX.

TMV je c¢lenem rodu Tobamovirus. Jeho castice maji tyCinkovity tvar o rozmérech
18x300 nm. Uvnitt ¢astice je vnitini kanal o velikosti 4 nm. TMV obsahuje +ssRNA, ktera je
ptiblizné 6400 nukleotidii (nt) dlouhd a je obalend zhruba 2130 kopiemi TMV CP (Goelet a
Karn, 1982). TMV ma schopnost samovolné polymerovat bez pfitomnosti genomové RNA za
vzniku viru podobnych ¢astic (tzv. virus-like particles, VLP).

PVX je c¢lenem rodu Potexvirus. Virova castice PVX ma tvar vlakna o rozmérech
13x515 nm (Huisman a kol., 1988). PVX obsahuje +ssRNA, kterd je ptiblizn¢ 6400 nt
dlouha a je obalena 1300 kopiemi PVX CP (Tollin a kol., 1980). Také PVX CP je schopny
formovat VLP.

Lidské papillomaviry patii do ¢eled’t Papovaviridae. Jejich genom je tvoten kovalentné
uzavienou dsDNA o 7500 — 8000 bp. Virové Castice jsou neobalené, maji primér 55 nm.
Podle typu cilové tkané€, kterou napadaji, je délime na genitalni a kozni. Dale 1ze HPV d¢lit
podle jejich onkogenniho potencialu na nizce- a vysoce-rizikové (Vonka, 1997). Infekce
vysoce-rizikovymi typy HPV je tzce spojena srakovinou déloZniho Eipku (Touze a kol.,
1998), ktera je druhou nejcastéjsi rakovinou u Zen na svété. V soucasné dobé jsou komercné
dostupné dvé profylaktické vakciny proti HPV zalozené na kombinaci rekombinantné

ptipravenych VLP sloZzenych ze strukturniho proteinu L1 HPV typt 6, 11, 16 a 18



(Fernandez-San Millan a kol., 2008). Tyto vakciny vyvolavaji vznik neutraliza¢nich protilatek
proti virionim HPV (Cutts a kol., 2007) a maji vysoky ochranny tc¢inek pro zabranéni infekce
danym typem HPV. Vakciny zalozené na L1 VLP vSak nemaji zddny terapeuticky efekt u
pacient, u nichz jiz doSlo k infekei.

HPV onkoproteiny E6 a E7 hraji zasadni roli pfi rozvoji rakovinného onemocnéni, proto
predstavuji idealni cil pro vyvoj terapeutickych vakcin (McLaughlin-Drubin and Miinger,
2009). Cilem terapeutické vakciny je vybudit bunéénou imunitni odpovéd’, a tak vyvolat
tvorbu cytotoxickych lymfocytli, které¢ rozrusi bunky nesouci ptislusné antigeny. Vzhledem
k redukovanému transforma¢nimu potencidlu jsme pro vyvoj terapeutickych vakcin pouzili
v oblasti vazajici retinoblastomovy protein (pRB; Asp21Gly, Cys24Gly, Glu26Gly, Smahel a
kol., 2001).



Cile prace

Cilem predkladané disertacni prace bylo rozsifeni souc¢asnych znalosti z oblasti exprese
heterolognich proteinii v rostlinach a vyvoje novych expresnich systémi zalozenych na
rostlinnych virech. Prace navazuje na dosavadni vyzkum Laboratofe virologie UEB AV CR,

v. v. 1. studujici expresi proteinti a antigent odvozenych od HPV 16 v bakteriich a rostlinach.

1. Hlavnim tkolem této prace bylo pfipravit fizni protein slozeny z TMV CP, 15 AK
linkeru a celého mutovan¢ho onkoproteinu E7ggg z HPV 16 a exprimovat ho v
E. coli a N. benthamiana. Déle sledovat vliv vlozeného onkoproteinu E7ggg (98
AK) na expresi, rozpustnost a stabilitu fuzniho proteinu a zaroven ovéfit jeho

schopnost tvofit VLP.

2. DalSim ukolem bylo produkovat 3 rtizné fuzni proteiny slozené zPVX CP a
mutované¢ho onkoproteinu E7ggg z HPV 16, které se liSily napojenim E7ggg na
C-konec PVX CP (bez linkeru, s4 AK linkerem, s 15 AK linkerem) v E. coli a
N. benthamiana a popsat jejich vlastnosti — rozpustnost, stabilitu, infek&nost
konstruktii a jejich schopnost tvofit VLP. Dale zhodnotit vliv linkerti na vySe

jmenované vlastnosti.

3. Poslednim tukolem bylo produkovat fazni proteiny slozené z epitopu
L2108-120 z HPV 16 ptipojeného na C-konec PVX CP v N. benthamiana a dokéazat
tvorbu VLP.



Material a metodika

DNA kodujici fazni protein TMV CP-L15-3'NTR byla vytvofena pomoci Splicing by
overlap extension (SOE) polymerasové fetézoveé reakce (polymerase chain reaction, PCR),
ktera spojuje fragmenty DNA na zakladé¢ jejich ptekryvajicich se konct (Higuchi a kol., 1988;
Horton a kol., 1989; Horton, 1995). Ziskany fragment spravné velikosti byl klonovan do
vektoru pTZ57T/R za vzniku konstruktu pTZ:TMV CP-L15. Do konstruktu pTZ:TMV CP-
L15 linearizovaného pomoci Notl a defosforylovaného alkalickou fosfatasou byla vlozena
sekvence kodujici E7ggg. Pro expresi TMV CP-L15-E7ggg a TMV-L15 v E. coli byla do
sekvenci kodujicich oba proteiny vlozena restrik¢ni mista Ncol a HindIII pomoci PCR. Takto
upravené sekvence byly vloZeny do bakterialniho expresniho vektoru pMPM-4AQ (Mayer,
1995) linearizovaného pomoci restrikénich enzymi Ncol a Hindlll za vzniku konstruktd
pMPM:TMV CP-L15-E7ggg a pMPM:TMV CP-L15. Pro expresi v rostlinach byl fragment
TMV CP-L15-E7ggg-3'NTR vlozen do binarniho vektoru pGR-dCP-GFP pomoci Ncol a
Kpnl restrikénich mist za vzniku konstruktu pGR:TMV CP-L15-E7ggg. Spravnost
jednotlivych sekvenci byla postupné oveéfovana pomoci nukleotidové sekvenace (provedla
firma Biogen, Praha).

Konstrukty pMPM-PVX CP-E7ggg, pMPM-PVX CP-L4-E7ggg, pMPM-PVX CP-L15-
E7ggg pro expresi v E .coli a pGR-PVX CP-E7ggg, pGR-PVX CP-L4-E7ggg, pGR-PVX CP-
L15-E7ggg pro expresi v transgennich N. benthamiana nesoucich gen pro HC-Pro z 4 viru
bramboru (Potato virus A; PVA) byly ptipraveny podle postupu popsan¢ho v publikaci 4.
Konstrukty pGR:PVX CP-L2j¢5.120 a pGR:PVX CP-L2;p5.120mut byly ptipraveny podle
postupu popsaného v publikacich 2 a 3.

Exprese v E. coli pomoci molekularnich chaperonti a nasledna purifikace fiznich proteini
TMV CP-L15 a TMV CP-L15-E7ggg byla provedena podle postupu popsan¢ho v publikaci 1.

Exprese TMV CP-L15-E7ggg v netransgennich a trangennich N. benthamiana byla
provedena podle postupu popsané¢ho v rukopisu v ptipravé. Ziskany fuzni protein byl
purifikovan postupem podle Asselina a Zaitlina, 1978.

Exprese fuznich proteint PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg v
E. coli a v transgennich N. bethamiana exprimujicich HC-Pro z PVA byla provedena podle
postupu popsaném v publikaci 4. Fazni proteiny ptipravené v E. coli byly purifikovany podle
Cefovské a kol. (2002 a 2004) a podle Folwarczné a kol. (2008). Fuzni proteiny pfipravené v
rostlinach byly purifikovany podle Cefovské a kol. (1991 a 2004).



Exprese fuznich proteinit PVX CP-L205.120 @ PVX CP-L2¢g.120mut v N. bethamiana
nesoucich gen pro TMV MP byla provedena podle postupu popsaném v publikaci 2 a 3. Ftzni
proteiny byly purifikovany podle Cefovské a kol. (1991 a 2004).

Ptitomnost faznich proteinii byla analyzovdna pomoci polyakrylamidové elektroforesy
v ptitomnosti dodecylsulfatu sodného (SDS PAGE; Laemmli, 1970) a Western blotem (WB;
Hirano a Watanabe, 1990). Rekombinantni proteiny byly detekovany anti-E7, anti-TMV a
anti-PVX protilatkami.

Ptitomnost VLP byla ovéfena analyzou RNA izolované z listit N. benthamiana a pomoci
transmisni elektronové mikroskopie. Byly pouzity dva zpiisoby ziskani virové RNA — izolace
celkové RNA (provedeno pomoci TRI Reagent™ (MRC) kitu s naslednym o3etfenim DNasou
I dle pokynli vyrobce) nebo izolace RNA pomoci vazby VLP na specifickou protilatku
(immunocapture — IC; provedeno podle Cefovské a kol., 2004). Ziskana RNA byla nasledné
analyzovana pomoci RT-PCR. Transmisni mikroskopii provedla RNDr. Helena Synkova,

CSc. (UEB AV CR, v. v. i.) a pan Milan Jokes (VURV, v. v. i.).



Vysledky a diskuse

Ptredkladana doktorska prace se zabyva piipravou celého onkoproteinu E7 ve fuzi s TMV
CP a PVX CP a epitopu L2j¢s.120 z HPV 16 ve fazi s PVX CP. Pro vyvoj experimentalni
potencial. Vzhledem k tomu, Ze HPV se nereplikuje v béZnych typech tkanovych kultur, je pti
vyvoji vakcin vyhodné vyuzit genové inzenyrstvi. V této praci jsme se pokusili antigeny
odvozené¢ od HPV 16 exprimovat bud v E. coli MC1061 nebo v netransgennich a

transgennich rostlinach N. benthamiana.

Produkce onkoproteinu E7ggg z HPV 16 pomoci virového vektoru odvozeného od TMV

TMV CP byl jiz mnohokrat pouZzit pro ucely pfipravy experimentdlnich vakcin proti
rtiznym onemocnénim (Nemchinov a kol., 2000; Fitchen a kol, 1995; Beachy a kol., 1995).
VétSinou byly na C-konec kapsidového proteinu piidavany epitopy o velikosti maximalné 20
AK. Ptidani vétSich peptidi vedlo k inhibici vzniku virovych castic. V nas$i praci jsme se
pokusili umistit na povrch virové ¢astice TMV cely onkoprotein E7ggg o velikosti 98 AK.
Mezi kapsidovy protein TMV a E7ggg byl pfidan flexibilni 15 AK dlouhy linker (L15). L15
ma sekundarni strukturu B skladaného listu a je bohaty na glycin (Werner a kol., 2006).
Smyslem linkeru bylo sniZit piipadné stérické pnuti na povrchu VLP.

Nejprve jsme exprimovali TMV CP-L15-E7ggg v E. coli, kdy jsme chtéli ovétit stabilitu,
rozpustnost a schopnost rekombinantniho proteinu tvofit multimerni struktury a VLP. Takeé
jsme chtéli zjistit, jaky vliv ma pfitomnost onkoproteinu E7ggg na vlastnosti celého fuzniho
proteinu. Pro porovnani tohoto vlivu byl vytvofen konstrukt exprimujici pouze TMV CP s
C-terminalné piipojenym 15 AK linkerem. Poté byl TMV CP-L15-E7ggg exprimovan v

N. benthamiana.

Priprava TMV CP-L15-E7ggg v E. coli

U sekvenci kodujicich fazni proteiny TMV CP-L15-E7ggg a TMV CP-L15 byla nejprve
druhd aminokyselina TMV CP - serin nahrazena alaninem. Tato zména by méla usnadnit
vznik VLP v E. coli (Hwang a kol.,, 1994). Takto upravené¢ sekvence byly vlozeny do
expresniho vektoru pMPM-4AQ (Mayer, 1995). Ziskané konstrukty byly transformovéany do
E. coli MC1061. Byla provedena optimalizace exprese. Exprimované fuzni proteiny byly

stabilni. V imunoblotu TMV CP-L15-E7ggg reagoval s protilatkami proti TMV CP 1 proti



HPV 16 E7. McLaughlin-Drubinem a Miingerem bylo prokézéno, ze HPV E7 putuje na
polyakrylamidovém gelu jako protein o velikosti 18-20 kDa, piestoZze jeho teoreticka
molekulovd hmotnost je pfiblizné 11 kDa (McLaughlin-Drubin a Miinger, 2009). Také my
jsme zjistili, Ze fuzni protein obsahujici HPV E7 putoval pfiblizn€ o 9 kDa vyS oproti
teoretické molekularni hmotnosti. Fazni protein TMV CP-L15 reagoval s anti-TMV
protilaitkou. TMV CP-L15 putoval piiblizné o 4 kDa vys§ oproti teoretick¢é molekulové
hmotnosti. Elektroforetickda mobilita TMV CP-L15 byla pravdépodobné ovlivnéna
pritomnosti dlouhé B struktury, kterou tvofi L15.
TMV CP-L15-E7ggg a TMV CP-L15 se produkovaly pouze v nerozpustné forme
NF RF NF RF M Dproteinovych inkluzi, proto jsme se pokusili zvysit podil

A

rozpustné formy faznich proteini pomoci ko-exprese

= s molekuldrnimi chaperony. Pro tyto pokusy byly pouzity
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* prokazano, ze tyto chaperony jsou schopné stabilizovat a
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kDa proteint (Nishihara a kol., 1998 a 2000).
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SDS PAGE/WB: Analyza rozpustnych a nerozpustnych frakci fiznich proteini TMV
CP-L15-E7ggg a TMV CP-L15 produkovanych v E. coli. A: Fuzni proteiny byly
produkovany bez ptitomnosti molekularnich chaperont. Fazni proteiny TMV CP-L15-E7ggg
(B) a TMV CP-L15 (C) byly produkovany s riznymi kombinacemi molekularnich chaperont.
Fuzni proteiny byly detekovany anti-TMV protilatkou. I — indukované bakterie E. coli
MCI1061 nesouci konstrukt s TMV CP-L15-E7ggg a plasmid s molekularnimi chaperony, RF
— rozpustné frakce, NF — nerozpustné frakce, M — proteinovy marker Spectra™ Multicolor
Broad Range Protein Ladder, K — nemodifikované TMV ¢astice pouzité jako pozitivni
kontrola.
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Exprese chaperont z plasmida pTfl6, pG-KJE8 a pKJE7 byla indukovéana L-arabinosou,
coz byl zaroven 1 induktor exprese chimernich proteinii. DalSim indukénim cinidlem
molekuldrnich chaperonti byl tetracyklin, ktery byl pouzit bud’ samotny (pG-Tf2) nebo
v kombinaci s L-arabinosou (pG-KJES). Byla optimalizovana ko-exprese chaperoni a TMV
CP-L15-E7ggg a TMV CP-L15. Pouziti molekularnich chaperonti bylo nezbytné pro produkci
chimernich proteini TMV CP-L15-E7ggg a TMV CP-L15 v rozpustné podobé (obr. 1, str.
10). NejvysSiho vytézku rozpustnych proteinit TMV CP-L15-E7ggg bylo dosazeno pii
expresi s molekuldrnimi chaperony GroEL-GroES a TF. GroEL-GroES se podili na zvySovani
rozpustnosti a zlepSeni sklddani proteinu TMV CP v E. coli (Hwang a kol., 1998), cozZ je
v souladu s naSimi vysledky. Exprese se samotnym TF zvySila podil rozpustné formy TMV
CP-L15-E7ggg a TMV CP-L15. Kombinace GroEL-GroES s TF miize byt efektivng;si pfi
solubilizaci né€kterych heterolognich proteini produkovanych v E. coli nez plisobeni
samotné¢ho TF, protoze TF a GroEL-GroES uzce spolupracuji. Na druhou stranu uc¢inek TF se
muze liSit v zavislosti na produkovaném proteinu (Nishihara a kol., 2000). Tento fakt
potvrzuji 1 nase vysledky, protoze pouziti samotného TF vedlo k ziskdni vysSich vytézka
v ptipad¢ rozpustné formy TMV CP-L15, zatimco v piipadé TMV CP-L15-E7ggg bylo
efektivngj$i pouziti kombinace TF s GroEL-GroES. Pouziti DnaK-DnaJ-GrpE vedlo
k solubilizaci TMV CP-L15, coz je v souladu z diive publikovanymi vysledky Hwanga. Bylo
totiz prokazano, ze produkce DnaK ma vyznamny vliv na celkovou expresi a spravné
poskladani TMV CP in vivo (Hwang a kol., 1998). Na druhou stranu v piipadé TMV CP-L15-
E7ggg ko-exprese s DnaK-DnaJ-GrpE nevedla k ziskani vySSiho podilu jeho rozpustné formy
ani v kombinaci s GroEL-GroES. Bylo to zplisobeno pravdépodobné piitomnosti Dnal, ktery
muze negativné ovlivitovat expresi a sbaleni TMV CP v E. coli (Hwang a kol., 1998).

Pro potvrzeni tvorby VLP a dal§i charakterizaci chovani E7ggg byla provedena
ultracentrifugace v sacharosovém gradientu (10%, 30%, 50% a 60%) rozpustnych frakci
ziskanych expresi s plasmidy pG-Tf2 (GroEL-GroES, TF) a pTfl6 (TF). Chimerni proteiny
TMV CP-L15-E7ggg a TMV CP-L15 byly identifikovany ve vSech odebranych frakcich.
Tento fakt naznacuje, ze oba fuzni proteiny jsou schopné tvofit multimerni a viru podobné
struktury a ze tato schopnost neni ovlivnéna ani ptfitomnosti celého onkoproteinu E7ggg (98
AK). Ze ziskanych frakci multimerdi TMV CP-L15-E7ggg a TMV CP-L15 byly ptfipraveny
vzorky pro transmisni elektronovou mikroskopiii. V ptipad€ fuznich proteint TMV CP-L15-
E7ggg a TMV CP-L15 ptipravenych v E. coli MC1061 nebyly VLP pozorovany.
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Priprava TMV CP-L15-E7ggg v N. benthamiana

Sekvence pro fuzni protein TMV CP-L15-E7ggg byla vloZzena do bindrniho vektoru
zalozen¢ho na TMV a cely konstrukt (pGR:TMV CP-L15-E7ggg) byl transformovéan do
A. tumefaciens GV3101. Transformovanymi kulturami A. tumefaciens byly infikovany
rostliny N. benthamiana. Testovany byly 4 genotypy rostlin N. benthamiana (Nb) —
netransgenni Nb, transgenni Nb exprimujici pohybovy protein (MP) TMV, transgenni Nb
exprimujici HC-Pro protein z 4 viru bramboru (PVA) a transgenni Nb exprimujici TMV MP 1
PVA HC-Pro. Infekce se na inokulovanych listech projevila 7-10 dni po inokulaci (dpi)
vznikem nekrotickych lezi. Ke vzniku systémové infekce nedoSlo u zadného z testovanych
genotypi. Transientné exprimovany TMV CP-L15-E7ggg reagoval v imunoblotu s anti-TMV
1 s anti-E7 protilatkou. I vtomto ptipadé fizni protein putoval zhruba o 9 kDa vy§ na SDS
PAGE gelu. Fazni protein TMV CP-L15-E7ggg se exprimoval ve vSech testovanych
genotypech N. benthamiana ptiblizné stejné.

V ptipadé TMV CP-L15-E7ggg vedla modifikace kapsidového proteinu ziejmé ke zméné
jeho vlastnosti, protoze TMV CP-L15-E7ggg ziistaval pii purifikaci z velké ¢asti v rostlinném
homogenatu. VLP byly hife
rozpustné a agregovaly bud
samostatné nebo spolu s jinymi
rostlinnymi proteiny. Vznik VLP
byl prokdzan pomoci IC-RT PCR a

%5

transmisni elektronové mikroskopie

(obr. 2). Pfitomnost kompletni

sekvence E7ggg na C-konci TMV

Obr. 2: Chimerni VLP slozené z TMV CP-L15- (p ovliviiuje tvorbu VLP, protoZe
E7ggg na snimku z transmisniho elektronového ) o
mikroskopu. Céstice byly kontrastovany 2%  chimerni Castice TMV CP-L15-

uranylacetatem. E7ggg se akumuluji do velice
nizkych koncentraci (1 mg/kg Cerstvych listll). Ze ziskanych vysledkii vyplyva, ze ptipojeni
onkoproteinu E7ggg k TMV CP pifimo nebrani vzniku VLP, ale méni elektrostaticke, stérické
a dalsi jejich vlastnosti, ¢imZ vyznamné ovlivituje stabilitu vzniklych VLP. Oproti tomu 133
AK dlouhy fragment A proteinu z Staphylococcus aureus ptidany na C-konec kapsidového
proteinu Turnip vein-clearing virus (TVCV) pomoci 15 AK linkeru neovlivnil ani systémovy
pohyb chimerniho viru ani jeho akumulaci. Navic chimerni ¢astice TVCV tvofily pomérné
homogenni populaci VLP (Werner a kol., 2006). V ptipadé¢ TMV CP-L15-E7ggg VLP tvoftily

heterogenni populaci ¢astic.
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Materidl z listi inokulovanych pGR:TMV CP-L15-E7ggg byl infekéni, coz bylo
prokazano mechanickym ptfenosem inokula na rostliny N. benthamiana exprimujici TMV MP
1 PVA HC-Pro, Nicotiana tabacum, cv. Petit Havana SR1 a Nicotiana tabacum, cv. Samsun

NN. Infekce se z inokulovanych listi systémové nesitila.

Produkce onkoproteinu E7ggg z HPV 16 pomoci virového vektoru odvozeného od PVX
E7ggg byl napojen na C-konec kapsidového proteinu viru PVX, a to bud’ piimo (PVX CP-
E7ggg) nebo pres 4 AK/15 AK linker (PVX CP-L4-E7ggg/PVX CP-L15-E7ggg). Dosud
nebyl popsan Zadny ptipad UspéSné exprese heterologniho proteinu vloZen¢ho na C-konec
PVX CP. Poslednich 60 bp na 3’-konci PVX CP RNA ma kromé protein-kodujici funkce
jesté funkci pii replikaci virového genomu (Hu a kol., 2007). Pokud by do této oblasti byl
vlozen fragment kddujici fuzni rekombinantni protein, doslo by k pferuseni 3’NTR oblasti a
vyfazeni funkci nezbytnych pro replikaci virové RNA. Proto bylo nutné tuto ¢ast genomu
PVX duplikovat, pfiCemz prvni kopie si zachovala svoji protein-kodujici funkci, poté
nasledovala sekvence kodujici heterologni protein se stop kodonem a nakonec druha kopie
zahrnujici nepferusenou 3’ termindlni oblast genomu PVX. Toto zdvojeni mélo zajistit

spravnou replikaci rekombinantniho virového vektoru (Verchot-Lubicz a kol., 2007).

Priprava PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg v E. coli

Byly ptipraveny tii konstrukty, exprimujici fuzni proteiny PVX CP-E7ggg, PVX CP-L4-
E7ggg a PVX CP-L15-E7gggz vektoru pMPM-4AQ. Ziskané¢ konstrukty byly
transformovany do E. coli MC1061. Exprese fuznich proteinti byla indukovéana L-arabinosou
a proteiny byly exprimovany pies noc pii teploté 25°C. Exprimované fuzni proteiny
reagovaly s anti-PVX a anti-E7 protilatkami. I zde putovaly proteiny zhruba o 8 kDa vys, nez
bylo pfedpokladano. Tento vysledek povrzuje data ziskana pti produkci onkoproteinu E7ggg
v systému zaloZeném na TMV. VSechny fuzni proteiny se produkovaly pfevazné v rozpustné
formé a byly stabilni. Na rozdil od fuznich proteini TMV CP-L15-E7ggg a TMV CP-L15
nebylo k produkci PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg v rozpustné
podobé nezbytné pouziti molekularnich chaperonii (Lidicky, 2010).

13



Ptidani linkert mezi PVX
CP a E7ggg nemélo zadny
vliv na exprimované
mnozstvi jednotlivych faz-
nich proteinfi. Fizni proteiny

tvofily VLP, coz bylo

R * . dokazano pomoci transmisni

5. hEe *  clektronové mikroskopie

: M St (obr.3).

“t:i |

M _200nm

Obr. 3: Chimerni castice slozené z PVX CP-E7ggg

zE. coli MC1061 na snimku ztransmisniho

elektronového mikroskopu. VLP byly znacené primarni

kralici anti-PVX a sekundarni anti-krali¢i protilatkou

znacenou zlatymi ¢asticemi (10 nm) a rovnéZ primarni

mysi anti-E7 a sekundarni anti-mysi protilatkou zna¢nou
zlatymi Casticemi (15 nm).

Priprava PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg v N. benthamiana
PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg byly produkovany
v transgennich rostlindich N. benthamiana nesoucich HC-Pro zPVA. Ani zde nebyl
pozorovan vliv vloZzenych linkerl na hladinu exprese jednotlivych faznich proteint.
V systémovych listech fizni proteiny detekovany nebyly. Inokulované listy byly infekéni
v naslednych mechanickych inokulacich. Pti purifikaci dochazelo k degradaci vSech fuznich
proteinii. Tento fakt je zfejmé& zpusoben piipojenim E7ggg na C-konec PVX CP, protoze pfi
N-terminalni fazi E7ggg s PVX CP k degradaci nedochazelo. Navic bylo prokazano, ze
N-terminalni fize PVX CP s E7 miliZze vést ke stabilizaci E7 pii expresi v chloroplastech

(Morgenfeld a kol., 2009). VLP se detekovat nepodatilo.

Produkce epitopu L2¢s.120 z HPV 16 pomoci virového vektoru odvozeného od PVX v
N. benthamiana

Epitop L210s.120 je vysoce konzervovany mezi riznymi druhy HPV a je pravdépodobné
umistén na povrchu virioni HPV. Z téchto divoda patii také mezi vhodné kandidaty pro
vyvoj vakciny proti HPV. Sekvence pro 60 bp na 3’-konci PVX CP je v konstruktech pGR:
PVX CP-L2)¢s.1202a pGR: PVX CP-L2;05.120mut obsazena dvakrat, a to na 3’-konci PVX CP a
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zarovenl za stop kodonem L2j¢s.120. Konstrukty pGR:PVX CP-L2;¢s.120 a pGR:PVX CP
L2108-120mut byly transformovany N. benthamiana exprimujici MP TMV. Je totiz znamo, Ze
nekteré pohybové funkce PVX CP jsou plné zastupitelné MP TMV (Fedorkin a kol., 2001).
V ptipadé¢ konstruktu pGR:PVX CP-L2j03.120 nedoSlo k expresi ocekavaného fazniho
proteinu. Pomoci RT PCR a nésledné sekvenace bylo zjisténo, ze doslo k eliminaci epitopu
L210s3-120 pomoci rekombinace pravdépodobné diky ptitomnosti dvou identickych
repetetivnich sekvenci. Tato eliminace je zfejmé specificka pro krat$i useky (v tomto piipadé
13 AK), protoze v piipadé produkce E7ggg (98 AK) mezi témito dvéma sekvencemi
k eliminaci nedoslo. V konstruktu pGR:PVX CP-L2;0g.120mut je prvni kopie této duplicitni
sekvence nahrazena jinou sekvenci, ktera vSak koduje stejnych 20 C-termindlnich
aminokyselin PVX CP. Tim by mélo byt zabranéno homologni rekombinaci mezi identickymi
sekvencemi. V listech N. benthamiana infikovanych pGR:PVX CP L2pg.120mut byl
detekovan produkt o ocekavané velikosti (34 kDa). Inokulované listy nebyly infekéni
v naslednych mechanickych inokulacich. Ani v tomto ptfipadé se nepodatilo detekovat VLP.
Z téchto fakt vyplyva, ze tato C-terminalni modifikace PVX CP zfejm¢€ neumoznuje vznik

VLP in vivo.
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Zavéry

1. Fuazni protein TMV CP-L15-E7ggg byl exprimovan v E. coli MC1061 v rozpustné
podobé pomoci molekularnich chaperonti. TMV CP-L15-E7ggg reagoval s ptislusnymi
protilatkami a byl stabilni. Pomoci gradientové centrifugace bylo prokazéano, ze pfitomnost
E7ggg neovlivnila tvorbu multimernich struktur. Tvorba VLP tvotfenych z TMV CP-L15-
E7ggg ptipraveného v E. coli prokadzéna nebyla. Fizni protein TMV CP-L15-E7ggg byl také
exprimovan v N. benthamiana a to ve vSech testovanych genotypech. Infekce TMV CP-L15-
E7ggg se rostlinou nesifila. Agroinfiltrované listy byly infekéni v naslednych mechanickych
inokulacich. Pomoci IC RT-PCR a transmisni elektronové mikroskopie bylo prokdzano, ze
TMV CP-L15-E7ggg je schopny tvoiit VLP.

2. 'V bakteriich E. coli MC1061 byly exprimovany fuzni proteiny PVX CP-E7ggg, PVX
CP-L4-E7ggg a PVX CP-L15-E7ggg. Vliv linkertt na hladinu exprese jednotlivych
chimernich proteini nebyl prokazan. Fazni proteiny piipravené v E. coli byly schopné tvotit
VLP. PVX CP-E7ggg, PVX CP-L4-E7ggg a PVX CP-L15-E7ggg byly produkovany v
N. benthamiana exprimujicich HC-Pro z PVA. Infekce se nesifila rostlinou. Agroinfiltrované
listy byly infekéni v naslednych mechanickych inokulacich Jednotlivé fizni proteiny se
nepodaftilo purifikovat a nepodafilo se zjistit, zda se tvoii VLP.

3. Pro expresi proteinu PVX CP-L2)¢s3.120 v N. benthamiana exprimujicich MP TMV
bylo nutné zabranit rekombinaci pomoci mutace jedné z 3 -terminalnich 60 bp sekvenci PVX
CP. V listech N. benthamiana infikovanych pGR:PVX CP L2;ps.120mut byl detekovan
produkt o ocekavané velikosti (34 kDa). Infekce se rostlinou nesitila. Inokulované listy
neobsahovaly infekéni virové ¢astice. OvSem ani v tomto ptipad¢ nebyl prokazan vznik VLP.

4. Vyzkum vlastnosti expresnich kazet odvozenych od rostlinnych vird ur€enych pro
transientni expresi experimentdlnich vakcin v rostlinach je slibnym zékladem pro
biotechnologické vyuziti rostlin jako nového produkcéniho systému pro medicinsky cenné

proteiny.
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Introduction

Plant expression systems have a significant advantage compared to other methods of
recombinant protein production since plants are much cheaper and easier in cultivation than
mammalian cell cultures. They provide an optimal system for the expression of recombinant
proteins free of contamination by bacterial toxins or animal pathogens. They also offer
eukaryotic protein modification machinery, allowing subcellular targeting, proper folding, and
posttranslational modifications (Cunningham and Porter, 1998).

Foreign genes can be produced in plants by permanent insertion or by transient expression
using virus-based vectors. Plant viral vectors are being successfully applied for production of
recombinant antigens. The major advantage of the use of plant virus based vectors is that the
constructs could be prepared and assayed in planta within a period of weeks rather than
months necessary for stable transformation based approaches. On the other hand the genetic
instability of the construct in planta very often results in the loss of the inserted gene by
recombination (Angell and Baulcombe, 1997). TMV and PVX based vectors are widely used
for heterologous protein production in plants, because they accumulate to high levels in
infected tissues, provide an extremely cheap source of protein biopolymers of discrete size of
particles and can be manufactured under simple conditions.

TMYV, type member of Tobamovirus, is a rod-shaped plant virus. TMV particles are about
18x300 nm and consist of a positive-sense, single-stranded genomic RNA (6400 nt)
encapsidated with 2130 copies of TMV CP (Goelet and Karn, 1982). TMV particles have an
inner channel about 4 nm in diameter. TMV CP is able to form virus-like particles (VLP).

PVX is a type member of Potexvirus. PVX is characterized by flexous, filamentous
virions about 13x515 nm (Huisman a kol., 1988), which consist of a +ssRNA (6400 nt)
encapsidated with 1300 copies of PVX CP (Tollin a kol., 1980). PVX CP is also able to form
VLP.

Human papillomavirus (HPV), type member of Papovaviridae, is a double-stranded DN A
(7500-8000 bp) virus that is non-enveloped. HPV has an icosahedral capsid about 55 nm.
HPYV can be classified as cutaneous or mucosal, depending on whether they infect cutaneous
or mucosal epithelial cells. Depending on the risk of malignancy, HPV are further grouped as
high-risk or low-risk types (Vonka, 1997). Infection by high-risk HPV is causally associated
with cervical cancer (Touze ef al., 1998), which represents the second most common cancer
among women worldwide. The availability of prophylactic vaccines against HPV (based on

HPV 6, 11, 16 and 18 L1 structural proteins assembled in VLP, Fernandez-San Millan et al.,
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2008) represents a milestone in the prevention of this infection. Despite the high efficacy of
prophylactic HPV vaccines in protection against infection, they do not have therapeutic effect
against pre-existing infection.

For the development of therapeutic vaccines the E7 HPV 16 oncoprotein is a promising
target antigen, because it plays an important role in both malignant transformation and in the
maintenance of the transformed state of HPV infected cells (McLaughlin-Drubin and Miinger,
2009). Therapeutic vaccine should elicit specific cell-mediated immunity that would rapidly
clear an established infection and provide protection against future exposure. Due to its
reduced transformation potential, an attenuated mutagenized coding sequence of HPV16
E7ggg possessing three amino acid substitutions in the retinoblastoma protein (pRB;
Asp21Gly, Cys24Gly, Glu26Gly) binding site, has been proposed as a safer candidate than E7

for vaccine development (Smahel et al., 2001).
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Aims of the study

The aim of the Ph.D. thesis was to widen the spectrum of knowledge concerning
expression of heterologous proteins in plants and to develop new expression systems based on
plant viruses. The study is the continuation of present work of the Laboratory of virology IEB

AS CR, v. v. 1.. on the expression of HPV 16 proteins and antigens in bacteria and plants.

1. The main aim of this study was to prepare and express the fusion protein consisting
of a TMV CP, a 15 amino acids (aa) B-sheet linker (L15) and complete mutagenized
E7ggg (98 aa) from HPV 16 in E. coli and N. benthamiana. Then to observe the
influence of E7ggg on protein expression, its solubility, stability and ability to form

VLP.

2. The next aim of the study was to express three different fusion proteins consisting of
PVX CP and mutagenized E7ggg from HPV 16 in E. coli and N. benthamiana and to
examine the impact of linkers (no linker, 4 aa linker (L4), 15 aa linker (L15))
connecting PVX CP and E7ggg. Then to describe properties such as solubility,
stability, infectivity of the constructs and its ability to form VLP.

3. The last aim of the work was to express fusion proteins consisting of epitope L20s-120

from HPV 16 fused to C-terminus of PVX CP in N. benthamiana and to prove VLP

formation.
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Material and methods

In the first step DNA coding TMV CP-L15-3'NTR fragment was assembled using
Splicing by overlap extension (SOE) PCR (Higuchi et al., 1988, Horton ef al., 1989; Horton,
1995). Obtained fragment of the correct size was subcloned into pTZS57T/R vector giving
pTZ:TMV CP-L15. In the second step complete sequence coding for E7ggg (98aa) from HPV
16 was inserted into pTZ:TMV CP-L15 linearised with Notl and dephosphorylated with
shrimp alkaline phosphatase. For expression of TMV CP-E7ggg and TMV CP-L15 in E. coli
Ncol and HindlIII restriction sites were inserted into sequence coding both proteins using
PCR. These fragments were then inserted into bacterial vector pMPM-4AQ (Mayer, 1995)
linearized with Ncol and HindlIII giving pMPM:TMV CP-L15-E7ggg a pMPM:TMV CP-L15
constructs. For transient expression in plants TMV CP-L15-E7ggg-3'NTR fragment was
recloned into pGR-dCP-GFP binary plasmid using Ncol and Kpnl restriction sites giving
pGR:TMV CP-L15-E7ggg construct. The accuracy of all sequences was verified by
nucleotide sequencing (Biogen, Prague).

pMPM:PVX CP-E7ggg, pMPM:PVX CP-L4-E7ggg, pMPM:PVX CP-L15-E7ggg
constructs for bacterial expression and pGR:PVX CP-E7ggg, pGR:PVX CP-L4-E7ggg,
pGR:PVX CP-L15-E7ggg constructs for expression in transgenic N. benthamiana expressing
HC-Pro protein from Potato virus A (PVA) were prepared according to selected publication 4.
pGR:PVX CP-L203.120 and pGR:PVX CP-L2jps.120-mut constructs were prepared in
conformity with selected publications 2 and 3.

Bacterial expression using molecular chaperones and purification of fusion proteins TMV
CP-L15-E7ggg and TMV CP-L15 was done according to selected publication 1.

Transient expression of TMV CP-L15-E7ggg in both non-transgenic and transgenic
N. benthamiana was done in conformity with manuscript in preparation. TMV CP-L15-E7ggg
was purified according to Asselin and Zaitlin, 1978.

Expression of fusion proteins PVX CP-E7ggg, PVX CP-L4-E7ggg and PVX CP-L15-
E7ggg in E. coli and in transgenic N. benthamiana carrying PVA HC-Pro gene was done in
conformity with selected publication 4. Bacterial fusion proteins were purified according to
Cefovska et al. (2002 and 2004) and Folwarczna et al. (2008). Fusion proteins expressed in
plants were purified in conformity with Cefovska e al. (1991 a 2004).

Expression of PVX CP-L2¢3.120 and PVX CP-L2s.120mut in transgenic N. benthamiana
carrying gene for TMV MP was carried out according to Cefovska e al. (1991 a 2004).

20



The presence of fusion proteins was analyzed by standard polyacrylagmide gel
electrophoresis in the presence of sodium dodecyl sulfate (SDS-PAGE; Laemmli, 1970) and
subsequent Western blot analysis (WB; Hirano and Watanabe, 1990). Recombinant fusion
proteins were detected using anti-E7, anti-TMV or anti-PVX.

The ability of fusion proteins to form VLP was verified by RNA analysis isolated from
leaves of N. benthamiana plants and by the transmission electron microscopy. RNA was
isolated by total RNA isolation kit (done by TRI Reagent® (MRC) followed by DNAse I
treatment according to the manufacturer’s instructions) or by immunocapture (IC) of VLP to
specific antibody (Cefovska et al., 2004). RNA was analyzed by reverse PCR (RT-PCR). The
transmission electron microscopy was carried out by RNDr. Helena Synkova, CSc. (IEB AS

CR, v. v. 1.) and by Milan Joke$ (CRI v. v. 1.).
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Results and discussion

In this study, we have prepared the oncoprotein E7 from HPV 16 fused to TMV CP and
PVX CP and the epitope L2¢5.120 from HPV 16 in fusion with PVX CP. Due to its reduced
transformation potential, an attenuated mutagenized HPV16 E7ggg was used for experimental
therapeutic vaccine development. As the virus cannot be propagated in culture, vaccines have
been based on recombinant antigens with inherited high-cost production. In a search of
alternative inexpensive production system, HPV16 antigenes were expressed in E. coli

MC1061 and in non-trangenic and transgenic N. benthamiana plants.

Production of oncoprotein E7ggg from HPV 16 using viral vector based on TMV

TMV-based vectors have been successfully applied for the production of medically
relevant peptides or proteins in tobacco, such as malaria epitopes (Fitchen ef al. 1995, Beachy
et al., 1995) and a vaccine candidate against Hepatitis C virus (Nemchinov et al., 2000).
Attempts by numerous groups to create new products based on protein fusions have so far met
with limited success. CP fusion proteins carrying an up to 20 aa extension of the C-terminus
were shown to assemble into infectious virions. However, addition of larger peptides at the
C-terminus of TMV CP always proved to be assembly-defective. In this study we fused
complete mutagenized E7ggg gene (98 aa) to C-terminus of TMV CP. TMV CP and E7ggg
were connected by the 15 aa [ sheet flexible linker (Werner et al., 2006). L15 should decrease
steric tension on the surface of chimeric particle.

At first we have expressed TMV CP-L15-E7ggg in E. coli MC1061 to assess stability,
solubility and ability of the chimeric protein to form multimers and VLP. The impact of
E7ggg on the properties of fusion protein was examined. The TMV CP fused only with the 15
aa PB-sheet linker was used as a control sample. Finally TMV CP-L15-E7ggg was expressed in

N. benthamiana.

Production of TMV CP-L15-E7ggg in E. coli

At first the second amino acid serin was replaced by alanine in sequences coding for TMV
CP-L15-E7ggg and TMV CP-L15. This substitution should improve the efficiency of VLP
formation in bacteria (Hwang et al,. 1994). These sequences were inserted into expression
vector pMPM-4AQ (Mayer, 1995). E. coli MC1061 cells were transformed with the

recombinant expression plasmids and protein expression was carried out. The expressed
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fusion proteins were stabile. Fusion proteins reacted with both polyclonal anti-TMV and
monoclonal anti-E7 antibodies in immunoblot. McLaughlin-Drubin and Miinger was proved,
that HPV E7 migrates on SDS PAGE as 18-20 kDa protein, although its molecular weight is
about 11 kDa (McLaughlin-Drubin and Miinger, 2009). In our case TMV CP-L15-E7ggg
migrated approximately 9 kDa higher than expected. TMV CP-L15 reacted with anti-TMV
antibody. TMV CP-L15 migrated approximately 4 kDa higher than expected. Its eletroforetic
mobility was probably influenced by long 3 sheet structure of L15.

TMV CP-L15-E7ggg and TMV CP-L15 were expressed to high levels, but the induced
proteins were mostly insoluble and remained in the inclusion bodies. To increase the content
of soluble proteins, the universal plasmids (pTfl6, pG-Tf2, pG-KJES a pKIJE7) carrying

IF SF IF SF M various combinations of molecular chaperones (TF, DnaK-

A so  Dnal-GrpE, GroEL-GroES) were used. Expression of foreign
. proteins in E. coli often results in various problems, such as
= improper folding of the expressed proteins, the formation of
85  inclusion bodies or protease degradation of the protein. It was
: proved, that expression of these molecular chaperones is able
‘ ga to stabilize recombinant proteins and prevent forming of their
MY CP-LisETge TMy cpLis  aggregates (Nishihara et al., 1998 and 2000).
CM IF SF E IF SF E IF SF E IF SF E C SF IF _§_F IF SF IF MC

B

50

& o i o . P A — —

-

35

Kb I I I I I
pG-Tf2 pKIE7 pG-KIE8  pTfl6 pTfl6  pG-KJES  pG-Tf2

Fig: 1: SDS-PAGE/WB: Analysis of soluble and insoluble fractions of fusion proteins
TMYV CP-L15-E7ggg and TMV CP-L1S5 expressed in E. coli. A: The fusion proteins were
produced without molecular chaperones. Fusion proteins TMV CP-L15-E7ggg (B) a TMV
CP-L15 (C) were expressed with various combinations of molecular chaperones. The fusion
proteins were detected using anti-TMV antibody. E — total crude extract from induced
cultures of E. coli MC1061 transformed by pMPM:TMV CP-L15-E7ggg construct and
various molecular chaperones, SF — soluble fraction, IF — insoluble fraction, M — protein
marker Spectra™ Multicolor Broad Range Protein Ladder, C — TMV particles used as
positive control.
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Molecular chaperones expressed from pTfl6, pG-KJES and pKJE7 plasmids were induced
with L-arabinose, which was also used for the induction of target fusion proteins. Tetracyclin
was another inductor and was used alone (pG-Tf2) or in combination with L-arabinose (pG-
KJES). The expression of fusion proteins and molecular chaperones was optimized. From our
results arises that the lack of molecular chaperones is the limiting factor for expression of
chimeric proteins TMV CP-L15-E7ggg and TMV CP-L15 in a soluble form (fig. 1, p. 23).
The high level expression of TMV CP-L15-E7ggg soluble proteins was achieved, when
GroEL-GroES together with TF were used. The GroEL-GroES chaperone complex promotes
protein folding, solubility and assembly of TMV CP in E. coli (Hwang et al., 1998). This fact
is in agreement with our results. The overproduction of TF alone had also a positive effect on
solubilization of target fusion proteins. Combination of GroEL-GroES and TF can be more
effective for solubilization of some heterologous proteins expressed in E. coli than TF alone,
because TF and GroEL-GroES closely cooperate. On the other hand effect of TF depends on
expressed protein (Nishihara et al., 2000). This fact confirms our results, because use of TF
alone had better effect on solubilization of TMV CP-L15, while in the case of TMV CP-L15-
E7ggg was more effective use of TF-GroEL-GroES combination. Use of DnaK-DnaJ-GrpE
facilitated solubilization of TMV CP-L15. As it was previously shown, the overproduction of
DnaK has a significant effect on total expression, correct folding and assembly of TMV CP in
vivo (Hwang et al., 1998). The co-expression of the TMV CP-L15-E7ggg with DnaK-Dnal-
GrpE complex had no effect on solubilization of this construct. Better results were not
obtained also in combination with GroEL-GroES chaperone complex. This can be done by
Dnal presence, which can have negative effect on TMV CP expression, folding and assembly
in E. coli (Hwang et al., 1998).

Soluble fusion proteins obtained from co-expression with TF (pTfl6) and TF-GroEL-
GroES (pG-Tf2) were subjected to ultracentrifugation in density gradient of sucrose (10%,
30%, 50% and 60%) to further characterize the behavior of E7ggg fusion protein in
comparison with TMV CP-L15. Fusion proteins were detected in all sucrose fractions. The
distribution of TMV CP-L15-E7ggg through sucrose gradient suggested that the chimera’s
ability to form dimers, multimers and VLP were not seriously affected by the E7ggg insertion.
The same distribution profile was obtained for TMV CP-L15. The samples for transmission
electron microscopy were prepared from sucrose fraction of multimers. VLP were not

observed.
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Production of TMV CP-L15-E7ggg in N. benthamiana

The sequence coding for TMV CP-L15-E7ggg fusion protein was inserted into binary
vector based on TMV giving the pGR:TMV CP-L15-E7ggg construct. The pGR:TMV CP-
L15-E7ggg transformed A. tumefaciens GV3101 cultures were agroinfiltrated into
N. benthamiana plants. Different genotypes of N. benthamiana (Nb) were tested — non-
transgenic Nb, transgenic Nb carrying gene for TMV MP, transgenic Nb carrying gene for
PVA HC-Pro and transgenic Nb carrying genes for TMV MP and PVA HC-Pro. The plants
infected with the chimeric construct developed necrotic lesions on inoculated leaves 7-10 dpi.
The pGR:TMV CP-L15-E7ggg construct did not develop any symptoms on upper (non-
inoculated) leaves. TMV CP-L15-E7ggg fusion protein was immunoreactive, what was
demonstrated by its binding to anti-TMV and anti-E7 antibodies. The fusion protein migrated
approximately 9 kDa higher in SDS PAGE than expected. The chimeric protein TMV CP-
L15-E7ggg was expressed in all tested genotypes of N. benthamiana. There were no
substantial differences in expression of this construct in transgenic and non-transgenic plants.

Connection of E7ggg to TMV CP resulted in change of protein properties, because the
chimeric protein remained mainly in plant homogenate during purification. VLP formed
aggregates and reacted with other plant components or with each other.

3 & Forming of VLP was proved
by IC-RT PCR and by
transmission electron microscopy
(fig. 2). Insertion of E7ggg

complete sequence influenced

T

strongly the VLP formation,

because they accumulated to very

low titres (1 mg/ kg fresh leaves)

Fig. 2: Electron micrograph of chimeric VLP in plant tissue and they did not
composed of TMV CP-L15-E7ggg. VLP were

) ) move systematically. We suppose
negatively stained by 2% uranylacetate.

that this can be done by change of
steric and electrostatic properties of the particles. In comparison the 133 aa fragment A
protein from Staphylococcus aureus tused to the coat protein of Turnip vein-clearing virus
(TVCV) via the 15 aa linker did not influence systematic movement of the chimeric virus and
its accumulation in plant tissue. Moreover chimeric particles formed homogenous population
of VLP (Werner a kol., 2006). VLP composed of TMV CP-L15-E7ggg formed heterogenous

population of particles.
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pGR:TMV CP-L15-E7ggg infected leaves were infectious, which was proved by
mechanical transmission to N. benthamiana expressing TMV MP and PVA HC-Pro,
Nicotiana tabacum, cv. Petit Havana SR1 and Nicotiana tabacum, cv. Samsun NN. The

infection does not spread systemically in any types of tested plants.

Production of oncoprotein E7ggg from HPV 16 using viral vector based on PVX

E7ggg was fused to the C-terminus of PVX CP either directly (PVX CP-E7ggg) or via 4
aa/l5S aa linker (PVX CP-L4-E7ggg/PVX CP-L15-E7ggg). We performed for the first time
expression of a protein exploiting the C-terminus of PVX CP in plants. The C-terminal PVX
CP sequence (60bp) was duplicated to ensure proper viral replication of these constructs

(Verchot-Lubicz a kol., 2007).

Production of PVX CP-E7ggg, PVX CP-L4-E7ggg and PVX CP-L15-E7ggg in E. coli
The chimeric proteins were expressed from the pMPM-A4Q plasmid in E. coli MC1061
cells. The fusion proteins were induced by L-arabinose. The optimal conditions for proteins
expression required incubation for 12 h at 25°C. The expressed proteins reacted with anti-E7
and anti-PVX CP antibodies and migrated about 8 kDa higher than expected. This result
confirms our previous data obtained during production of E7ggg oncoprotein in TMV based
construct. The fusion proteins were mainly in a soluble form and were stabile. The lack of
molecular chaperons was not the limiting factor for expression of these proteins in a soluble
form In comparison, the use of molecular chaperones increased production of a soluble form

of TMV CP-L15-E7ggg and TMV CP-L15 (Lidicky, 2010).
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Insertion  of linkers
between PVX CP and
E7ggg did not influence
level of expression of
chimeric proteins. PVX CP-
E7ggg, PVX CP-L4-E7ggg
and PVX CP-L15-E7ggg
were able to form VLP,

which was proved by

transmission electron

W0 _200nm | microscopy (fig. 3).
Fig. 3: Electron micrograph of chimeric particles of
pMPM:PVX CP-E7ggg isolated from E. coli MC1061.
The particles were decorated with rabbit anti-PVX and
secondary goat anti-rabbit antibodies carrying 10 nm gold
particles and with mouse-anti-E7 and secondary goat anti-
mouse antibodies carrying 15 nm gold particles.

Production of PVX CP-E7ggg, PVX CP-L4-E7ggg and PVX CP-L15-E7ggg in
N. benthamiana

PVX CP-E7ggg, PVX CP-L4-E7ggg and PVX CP-L15-E7ggg were transiently expresed
in transgenic N. benthamiana carrying HC-Pro gene from PVA. The impact of linkers on
expression levels of fusion proteins was not observed. The fusion proteins were not detected
in upper (non-inoculated) leaves. Agroinfiltrated leaves were infectious, which was proved by
mechanical transmission to N. benthamiana. Fusion proteins were unstable during
purification. This fact can be explained by the fusion of E7ggg to the C-terminus of PVX CP,
because in the case of the same fusion to the N-terminus of PVX CP the degradation was not
observed. Moreover the N-terminal fusion of PVX CP to E7 can stabilize E7 oncoprotein in

tobacco chloroplasts (Morgenfeld a kol., 2009). The presence of VLP was not proved.

Production of L2i9s.120 epitope from HPV 16 using viral vector based on PVX in
N. benthamiana

The epitope L219s.120 is highly conserved in various HPV types and is probably located on
the virion surface. Therefore L.2103.120 is also an atractive candidate for experimental vaccine
development. In pGR:PVX CP-L2j03.120 a pGR:PVX CP-L2pg.120mut constructs the

3’-terminal PVX CP sequence (60bp) was duplicated to ensure proper viral replication of
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these constructs. pGR:PVX CP-L2¢s.120 and pGR:PVX CP L2¢s.120mut were agroinfiltrated
into transgenic N. benthamiana expressing TMV MP. TMV MP can fully compensate
transport functions of PVX CP (Fedorkin a kol., 2001). The PVX CP-L2g.129 protein was not
expressed, and therefore we isolated RNA from appropriate infected plants and performed RT
PCR. After sequencing of the obtained product we found out that the 3'-terminal epitope was
lost together with one copy of the 3'-terminal PVX CP 60bp most probably because of the
recombination event between these two identical sequences. In comparison to previous
successful expression of HPV 16 E7ggg (98 aa) fused to the 3'-terminus of PVX CP this
elimination event seems to be specific for shorter 3'-terminal fusions.

In the case of pGR:PVX CP L2jps.120mut construct, the inoculated leaves of
N. bentamiana carrying TMV MP gene contained fusion protein of the expected
electrophoretic mobility of approximately 34 kDa. We could not detect protein of this size in
upper (non-inoculated) leaves. Agroinfiltrated leaves were infectious in following mechanical
inoculations. By electron microscopy we proved the inability of PVX CP-L2;0g.120mut to form
virions. It seems that this C-terminal modification of the PVX CP makes virion assembly in

vivo impossible.
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Conclusions

1. Fusion protein TMV CP-L15-E7ggg was expressed in E. coli in a soluble form using
molecular chaperones. TMV CP-L15-E7ggg reacted with appropriate antibodies and was
stable. The presence of E7ggg did not influence the formation of dimers and multimers of
chimeric TMV, which was confirmed by gradient ultracentrifugation. Formation of VLP
created from TMV CP-L15-E7ggg prepared in E. coli was not proved. Fusion protein TMV
CP-L15-E7ggg was transiently expressed in all tested N. benthamiana genotypes. pGR:TMV
CP-L15-E7ggg infection did not move systematically. Agroinfiltrated leaves were infectious
in following mechanical inoculations. TMV CP-L15-E7ggg was able to form VLP, which
were confirmed by IC RT-PCR and by transmission electron microscopy.

2. The PVX CP-E7ggg, PVX CP-L4-E7ggg and PVX CP-L15-E7ggg fusion proteins were
expressed in E. coli. The impact of linkers on the level of expression of chimeric proteins was
not proved. Fusion proteins prepared in E. coli were able to form VLP. PVX CP-E7ggg, PVX
CP-L4-E7ggg and PVX CP-L15-E7ggg were transiently expressed in transgenic
N. benthamiana expressing HC-Pro from PVA. Infection did not move systematically.
Agroinfiltrated leaves were infectious in following mechanical inoculations. We were not able
to determine the presence of chimeric VLP for plant expressed constructs due to their
instability during purification.

3. To ensure the transient expression of PVX CP-L2¢3.120 in transgenic N. benthamiana
expressing MP TMV it was necessary to prevent recombination using silent mutations in the
first copy of 60 bp sequence of 3’ terminus PVX CP. The product of expected size (34 kDa)
was detected in the pGR:PVX CP L2¢s.120mut infected leaves. We could not detect protein of
this size in upper non-inoculated leaves. Agroinfiltrated leaves were not infectious. The
inability of PVX CP-L2jpg.;20mut to form VLP was proved by transmission electron
microscopy

4. Study of expression cassettes derived from plant viruses determined for transient
expression of experimental vaccine in plants is a promising technology for biotechnological

use of plants as a new expression system for valuable therapeutic proteins.
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