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BEVEZETES

Az immunrendszer a szervezet védelmi rendszere. A kiilvildgbdl a
szervezetbe jutd, vagy azon belill képz6dd antigénekkel szemben
ellenanyagot termel (humordlis immunvdlasz) és/vagy immunocitit képez
(celluldris immunvdlasz). Az immunvdlaszban elsédlegesen részt vevo
sejtek a limfocitdk. Legfontosabb képviseldik a T- ill. B-sejtek. A T-
sejtek a celluldris immunreakciékban betoltott szerepiik mellett az
immunvdlasz szabdlyozoi €s a B-sejteket ellenanyag termelésre serkentik.
A B-sejtek ellenanyag-termeld plazmasejtekké differencidlédnak. Az
immunvdlaszt kivdlté antigének ¢és az ezekre reagdld sejtek az
immunrendszer két oldaldt képviselik. Megismerésiik kézelebb vihet
benniinket e nagyon sokréti és bonyolult folyamat szabdlyozdsdnak
lehetdségéhez. Célkitlizésliink ezért informdcidgyijtés volt részben az
antigénekkel, részben a T-sejtekkel kapcsolatban.

Az antigének tanulmdnyozdsdhoz vélasztott modelleken, az influenza
€s a HIV-1 virus esetében meg kivdntuk vizsgdlni egyes virusfehérjék
immunvdlaszban betoltott szerepét. A vizsgdlatok egy része annak
felderitését célozta, hogyan befolydsolja az epitépok konformdcidja az
immunvdlaszban betoltott szerepet. Az influenza esetében a kisérleteket
ki kivdntuk terjeszteni a H1 szerotipus mellett a H2 és H3 szerotipusokra
is.

A limfocitdk mikodését szamos sejtfelszini receptor szabdlyozza,
tobbek kozott a T-sejt antigén-receptor komplex. Munkdnk sordn a CD3
komplex ¢ és ( alegységét kivdntuk tanulmdnyozni, monoklondlis

ellenanyagok segitségével, részben az antigén felismerés, részben a
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jelatvitel szempontjdbél. Ehhez kiilonb6z6 tipusu, antigén tulajdonsdgu
anyagok elddllitdsdra volt sziikség. Kémiai célkitlizésiinknek megfeleléen
torekvésiink arra irdnyult, hogy a hagyomanyosakndl kedvezdobb hatdsu,
egyértelmiibb szerkezeti antigéneket szintetizdljunk.

A szervezetben a peptidek, fehérjék egy része poszttranszldcids
dtalakuldson megy keresztiil. A foszforildciénak, defoszforildciénak
nagyon fontos szerepe van a reguldciéban, igy az immunvdlasz jeldtviteli
folyamataiban is. A virusok burokfehérjéi gyakran glikozildltak, egyes
peptidhormonok csak szulfdtészterként aktivak. A nativ fehérjét és ennek
moédosult formdjat az immunrendszer is eltér6 mddon ismeri fel.
Célkitlizéseink kozott szerepelt szulfit- illetve foszfatészter képzési €s
glikozilezési médszerek kidolgozdsa mellett az igy 4talakitott peptidek
szintézisére alkalmas polimer elddllitdsa is.

A kopenyfehérjék fragmensei szerepének, a receptor-funkcidknak a
tanulmdnyozdsa és a poszttranszldcids dtalakitdsok kivitelezése szintetikus
vakcindk tervezéséhez vihet kGzelebb benniinket. Az ismeretek birtokdban
lehetdség nyilhat Uj diagnosztikus eljdrdsok kidolgozdsdra is az emlitett

virusfertdzésekkel kapcsolatban.



ELMELETI RESZ

I. AZ IMMUNVALASZ TANULMANYOZASA AZ
ANTIGENEK OLDALAROL

Az elsd kozlemény szintetikus peptidek felhaszndldsdrdl virusok
elleni immunizdldsban 1982-ben jelent meg a Nature-ben [1]. Ettdl
kezdve a szintetikus peptidek immunolégiai felhaszndldsa rohamos
fejlodésnek indult. Az els6é virus, amely ellen peptid antigénekkel
részleges védettséget lehetett elérni, a szdj- és koromfdjds egyik
virustorzse volt. Azéta mdr sziilettek eredmények a hepatitis B, a
citomegalovirus, a veszettség, az influenza és legijabban a HIV-1 virus
egyes szintetikus fehérje fragmenseinek felhaszndldsdval.

A vakcindldsi stratégidk - fejlodésiik ellenére - nem minden virus
ellen alkalmazhaték j6 eredménnyel. Ilyen az influenza virus és az AIDS-
et okoz6 HIV-1. Bdr a két kiilonb6zs térzsbe tartozé virusban a genetikai
mechanizmusok és a virusfehérjék szerkezete lényegesen eltér egymadstol,
a burokfehérjék "érési" folyamatdban hasonl6 lépések vesznek részt [2,
3]. Ilyen példdul az influenza virus hemagglutinin illetve a HIV-1
burokfehérjéjében a membrdnfiiziéért felelds molekula szakasz hasonld
enzimatikus hasitds révén torténd aktivdloddsa [4, 5]. Vizsgdlataink ezen
enzimatikus hasitdsnak kitett szakaszok immunfelismerésben betoltott

szerepének tisztdzdsdra irdnyultak. A HIV-1 esetében a kisérleti

eredmények Uj diagnosztikus mddszer kidolgozdsdt is eldsegithetik.



A, AZ INFLUENZA VIRUS

Az influenza virus kopenyfehérjéjének kulcsfontossdgui szakasza a
hemagglutininnak (HA) nevezett glikoproteid. T-sejtek dltali felismerését
az utébbi idoben alaposan tanulmdnyoztdk [6, 7, 8]. A hemagglutinin
Osszefliggd lancként szintetizdlédik, majd egy endopeptiddz hatdsdra két
alegységre (HA1 és HA2) hasad [9]. Az alegységek a 329-es pozicidban
16v5, a HA1 C-termindlisdt képviseld argininen keresztiil kapcsolédnak
egymdshoz [10]. A hasitds a virus fert6z6képessége szempontjdbol
nélkiilozhetetlen. Az ennek eredményeként létrejovdé konformdcio
vdltozds kovetkeztében vdlik szabaddd a virus és gazdasejt
membrdnfiziéjdért felelés un. fiziés peptid, a HA2 alegység N-
termindlis része [11], a membrdn fiizié katalizdtora [12].

A hemagglutinin immunfelismerésben betoltott  szerepének
tanulmdnyozdsa érdekében szdmos peptidet dllitottunk eld a hasitdsi hely

kornyezetéboOl. A szintetizdlt peptidek a kdvetkezdk voltak:

VTGLRNIPSIQS H1/HA1,,, 556
VTGLRNIPSIQSR H1/HA1l,,, 5,
GLRNIPSIQS H1/HA1;,9 355
LRNIPSIQS H1/HA1l,,, 5,4
LRNIPSIQSR H1/HA13, 359
GLFGAIAGFIEG H1/HA2, ,,
RGLFGAIAGFIEGR H1/HA1,,,-HA2,,
VTGLRNIPSIQSRGLFGAIAGFIEG H1/HAl,,,-HA2,,

VTGLRNIPSIQSRGLFGAIAGFIEG H1/HA1,,,(D-Arg’®)-HA2,,
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A peptidek szintézise a R. B. Merrifield dltal 1963-ban publikdlt
szildrd fdzisu médszer segitségével tortént [13]. Hordozéként dltaldban
p-metil-benzhidril-amin polimert haszndltunk [14, 15], igy az elddllitott
peptidek C-termindlisa savamid. Az «-aminocsoportokat t-butil-oxi-
karbonil (Boc), az oldalldnc funkcidkat a kovetkezd csoportokkal védtiik:

- Asp, Glu : ciklohexil-észter-

- Arg : tozil-

- Ser, Thr : benzil-éter-

- Lys : 2-Cl-benzil-oxi-karbonil-

- Tyr : 2-Br-benzil-oxi-karbonil-

- Cys : p-metil-benzil-

- His : benzil-oxi-karbonil-csoport.
A kapcsoldsokat diciklohexil-karbodiimides aktivdldssal végeztiik dikl6r-
metdnban, dimetil-formamidban, vagy ezen oldészerek elegyében. Az
aminosav beépiilést ninhidrin teszttel ellendriztik [16]. Az Asn, Gln és
Arg esetében az aminosavakbdl in situ 1-hidroxi-benztriazol észtereket
képeztiink a mellékreakcidk elkeriilése érdekében. A semlegesitést 10 %
trietil-amin / diklér-metdn eleggyel végeztiikk. A Boc-véddcsoportot 50 %
trifluor-ecetsav / diklér-metdn eleggyel tdvolitottuk el. A peptideket a
hordozérél folyékony hidrogén-fluoriddal, 0 °C-on, a benne szerepld
aminosavaktél fiiggéen 30-45 percig hasitottuk. A szolubilizdlds
ecetsavval tortént. Leoldds utdn az anyagokat liofilizdltuk. Ezt kovette a
tisztasdg-ellendrzés €s tisztitds forditott fizisi HPLC-vel, C;-as
oszlopokon, az amid-csoport elnyelési maximumadnak kodzelében (220-230

nm-en), az aldbbi eluensekkel:



A - 0,1 % trifluor-ecetsav
B - 80 % acetonitril, 0,1 % trifluor-ecetsav.
A termékeket szerkezetét aminosavanalizissel, tomegspektrometridval

igazoltuk.

1. tdbldzat. Az influenza virus HA kapcsolddasi részét reprezentdlé szintetikus

peptidek tomegspektrometrids vizsgélati eredményei

szdmitott MS taldlt MS

H1/HAL,,; 556 1438,8" 1439,9
H1/HAL,,,.5; 1083,25 1083,8
H1/HA1,,, 1 1026,2 1026,9
H1/HAl,,, 5,0 1182,39 1182,3
H1/HA2, ,, 1151,3 1151,5
H1/HA,,,-HA2,, 1463,7 1463,2
H1/HA1L,,,-HA2,, 2574,0° 2574,3
H1/HAL,,,(D-Arg)*®-HA2,, 2572,97 2573,6

#:. monoizotépos MS  *: a C-termindlis karboxilcsoport, a tobbi peptidnél savamid

A H1/HA1;,;-HA2, peptiden, amely a hemagglutinin alegységeinek
kapcsoldddsi részét tartalmazza, két potencidlis epitdpot jésoltak [17, 18].
Annak ellendrzése érdekében, hogy a peptid képes-e T-sejt vdlasz
kivéltdsdra, in vitro proliferdcids és az interleukin-termelés detektdldsdra

irdnyul6 vizsgdlatok torténtek BALB/c egereken. Ezek bizonyitottdk az
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emlitett peptiden T-sejt epitépok jelenlétét. Proliferdcios kisérletekben a
H1/HA1;,,3, fragmens potencidlis T-sejt epitopnak bizonyult. Tovdbbi
vizsgdlatok eredményei alapjdn ennek C-termindlisdn hosszabbitott, 25
aminosavbdl dll6 formdja (H1/HA1;,,-HA2,,) is j6 epitép annak ellenére,
hogy a hidroféb C-termindlis rész az eredetileg helikdlis konformaciét
nydjtottd alakitja. Ez utdébbival, illetve D-argininnel mddositott
vdltozatdval és a HI1/HAl;,,;,, peptiddel elvégzett dézisfiiggdségi
vizsgdlatok azt mutattdk, hogy a rovidebb, valamint a C-termindlison
hosszabbitott fragmensek T-sejt aktivdlé hatdsa kézel azonos. A 25
aminosavbdl 4116 epitépok felismerése tovabbi enzimes ("tripszin-szer(i
enzim") hasitds nélkiil is végbemegy. Erre abbdl lehet kovetkeztetni,
hogy enzim inhibitorok nem képesek gdtolni a folyamatot sem a
természetes, sem a D-arginint tartalmazé vdltozatndl. Fiziol6gids
korilmények kozott a 329-es pozicidban 1évdé  arginint egy
karboxipeptiddz lehasitja [10, 19], igy vdrhaté, hogy jelenléte nem
sziikséges a T-sejtek dltali felismeréshez. A H1/HAl,,;4,3 fragmens
bizonyitotta a feltevést. A HI/HAl;,055, @ HI/HAl;y 055 €s a
H1/HAl,,, 5, inaktivak, tehdt a 13 aminosavas potencidlis epitép N-
termindlisdn nem rovidithetd a T-sejt aktivdlé hatds elvesztése nélkiil.
[20]

A virusfert6zésben létfontossdgi konformdcivdltozds, amely a
hemagglutinin alegységekre torténé hasaddsakor kovetkezik be,
figyelmiinket az epitdpként szerepld peptidek térszerkezetének
tanulmdnyozdsdra irdnyitotta. A CD spektroszkdpidval, trifluoretanolban
elvégzett vizsgdlatok legmagasabb (35-40%) hélixtartalmat a H1/HA1;,,-
HA2,; és HI/HA1;,,-HA2,, peptidek esetében mutattak. A HA1 alegység
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C-termindlis részét reprezentdld6 H1/HAl,,;,, peptidnél ez az érték
mindéssze 10%-nak addédott. Ezzel Osszhangban bizonyos predikcids
moddszerek és FT-IR vizsgdlatok inkdbb (-turn képzddést jeleztek az
utébbi epitdpnal.

Tam 1988-ban 1jj tipusui, antigén tulajdonsdgu, eldgaz6 struktirdkat
vezetett be az immunolégiai kutatisokba [22], amelyeket sikeresen
alkalmaztak a szdj- és koromfdjds [23], illetve a hepatitis virus [24],
valamint a maldridt okoz6é Plasmodium esetében is [24, 25, 26, 27]. A
MAP (multiple antigenic peptide) szerkezetek szdmos eldonnyel
rendelkeznek a hagyomdnyos, fehérje hordozékhoz kotott antigénekkel
szemben:

- az epitépot lényegesen nagyobb szdzalékban tartalmazzdk,

- egyértelmiibb, kémiailag jobban jellemezhet6, reprodukdlhatébb
molekuldk,

- kikiisz6bolik a fehérje hordoz6 sajit immunreakcidit,

- lehetdséget biztositanak B- és T-sejt epitdpokkal egyiittesen
torténd immunizdldsra,

- segitségiikkel egyéb mdédositdsok (pl. a lipofil karakter fokozdsa)
is elérhetok.

A mdédszer alapelveibdl kiindulva az aldbbi MAP szerkezeteket

szintetizdltuk [28, 29]:



10
VTGLRNIPSIQSR\

K
VTGLRNIPSIQSR” '\
K—RGLFGAIAGFIEGR MAP-1

VTGLRNIPSIQSR__
K
VTGLRNIPSIQSR™

VTGLRNIPSIQSR-__
K
VTGLRNIPSIQSR”™ "\
K—G MAP-2
VTGLRNIPSIQSR._ /
K

VTGLRNIPSIQSR™

VTGLRNIPSIQSR-__
K
VTGLRNIPSIQSR™ \ 0
K— (NH-CH-C),-NH, MAP-3
VTGLRNIPSIQSR-__ (CH,),3
K H,
VTGLRNIPSIQSR™

A peptideket az I/A fejezetben leirt szildrd fazisu szintézis
mddszerével dllitottuk el6. A hordozérdl tortént hasitds utdn a nyers
termékeket HPLC-vel tisztitottuk, ezekben az esetekben C,-es
oszlopokon.

A MAP-1 a hemagglutinin alegységei kapcsoléddsi helyén lokalizalt
T-sejt epitopokat egyiittesen tartalmazza. Az ezzel eldkezelt BALB/c
egerek 22-60 %-ban védetté vdltak letdlis dézisu influenza virussal

szemben. Azonos koriilmények kozott a H1/HA1;5,5.35 peptid maximum



I

.,

11

40%-os védettséget tudott eldidézni. (A kontrollcsoportban nem volt
tuléls.) [28, 29]

Mivel irodalmi adatok szerint [30, 31] az immunvadlasz fokozhaté a
peptid lipoproteid-szeri moédositdsdval, ezért szintetizdltuk a MAP-3
szerkezetet.

Az eddig leirtak a H1 influenza szerotipusra vonatkoztak. Hatékony
vakcindk tervezéséhez nem elegendd egyetlen tipus ismerete, mert a virus
varidbilitdsa miatt ez csak az esetek kis hdnyaddban idézne eld
védettséget. Ezért a vizsgdlatokat ki kivdntuk terjeszteni a H2 és H3
Peptideket szintetizdltuk a hemagglutinin HA1

szerotipusokra is.

alegységének C-termindlis régi6jabol.

2. tdbldzat. A H2 és H3 influenza virus szerotipusok vizsgdlatdhoz szintetizdlt

peptidek

‘ HI1 szerotipus ’ H2 szerotipus

H3 szerotipus

VTGLRNIPSIQSR || ATGLRNVPQIESR | LATGMRNVPEKQTR
H1/HA1,,, .35 H2/HA1,;, 5,5 H3/HA1,,¢ 35
GLRNIPSIQS GLRNVPQIES GMRNVPEKQT
H1/HA1;,4 5,5 H2/HA1;,4 354 H3/HA1;,9 355
LRNOPSIQS LRNVPQIES MRNVPEKQT
H1/HA1,,)5,5 H2/HA1,, 3,5 H3/HA1,,, 5,5
LRNIPSIQSR LRNVPQIESR MRNVPEKQTR
H1/HA1;5.35 H2/HA1,;, 35 H3/HA15,, 35
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A peptideket az I/A fejezetben leirt médszerrel szintetizdltuk,
tisztitottuk.
Jellemzésiik aminosav analizissel €s tomegspektrometridval tortént.

3. tdbldzat. A H2 és H3 influenza virus szerotipusok fiizids régidjat reprezentdld

peptidek tomegspektrometrids vizsgdlati eredményei

peptid J szdmitott MS “ talalt MS
H2/HA1,,, 5, 1439,63 1440,2
H2/HA1;,9.3,5 1111,26 1111,9
H2/HA1,, 3,5 1054,21 1054,9
H2/HA1,, 5, 1210,4 1211,0
H3/HA1,¢ 5y 1599,87 1599,7
H3/HA1;,9.3,5 1158,34 nincs adat
H3/HA1;, 4,5 1101,29 1101,6
H3/HA1,,.5, 1257,47 1258,0

Az immunolégiai és konformdciés vizsgdlatok elkezdddtek. A 2.
tdbldzat els6 sordban 1év6 hdrom peptid térszerkezetét CD és FT-IR
spektroszképidval 6sszehasonlitva kitlint, hogy a H1 szerotipushoz tartozé
szekvencidndl figyelhetd meg a legalacsonyabb «-hélix tartalom, itt
inkdbb B-turn képzés jellemzd. Meglepetésiinkre a leggyengébb T-sejt
epitépnak bizonyult H2 fragmens rendelkezik legmagasabb «-hélix

@« tartalommal, noha kordbbi irodalmi adatok @ 33, 34, 35] szerint a T
-sejtek inkdbb a helikdlis szakaszokat ismerik fel. [36]
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B, A HIV-1 VIRUS

A HIV virus gpl60 burokfehérjéjének érése analégidt mutat az
influenzdéhoz [2, 3]. A klasszikus fiiziés régié a gpl60 hasitdsakor
keletkez6 gp41 9-17 aminosavszekvencidjdhoz koéthetd [37, 38], amelynek
szerepe hasonl6 az influenza HA fiziés peptidjéhez. Ujabb vizsgilatok
szerint a gp160 mdsik hasitdsi termékén, a gp120 fehérjén is taldlhat6 egy
enzimatikusan érintett hely, amelynek szerepe lehet a membranfiziéban
[4, 5]. Feltételezhetd, hogy az itt torténd enzimatikus hasitds az influenza
HA-hoz hasonl6éan befolydsolja az immunolégiai felismerést.

A 120 kDa-os fehérje V3 loopjdnak vizsgdlatdhoz a kovetkezd
peptideket dllitottuk eld:

CTRPNNNTRKSIRIQRGPGRAFVTIGKIGNMRQAHC

gp 120 V3, 55
NTRKSIRIQRGPGRAF

gp120 V3,5,

GPGRAFVTIGKIGNMRQAHC
gp 120 V35, 536

AFVTIGKIGNMRQAHC

gp 120 V35, 33

A szintéziseket ebben az esetben is az I/A fejezetben leirtak alapjdn
végeztik. A 36 aminosavbdl dll6 peptid elddllitdsa az dtlagosndl
nehezebbnek bizonyult részben hosszisdga, részben szekvencidja miatt.
A hordozérél tortént hasitdsa utdn a levegd oxigénje segitségével

épitettiik ki a ciszteinek k6zott a diszulfidhidat. A tisztitds RP-HPLC-vel,
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C,s-as oszlopon tortént. A peptidek szerkezetét aminosavanalizissel és
tomegspektrometridval igazoltuk. Az immunolégiai vizsgdlatok

folyamatban vannak.

II. A T-SEJT ANTIGEN-RECEPTOR KOMPLEX
VIZSGALATA

Az immunvdlasz sordn a szervezetbe 1épd antigén hatdsdra az
immunsejtek aktivdlédnak, osztédnak €és differencidlédnak. Mindhdrom
folyamat elsG 1épése a sejtfelszini receptorok €s ligandjaik kapcsolédésa.
A ligandko6tés hatdsdra a receptor konformdcidja megvdltozik és az
extracelluldris jelet a sejtbe tovdbbitja. E két folyamat, tehdt az antigén-

felismerés €s a jeldtvitel szabdlyozza a T-sejt vdlaszt.
A, AZ ANTIGEN KOTODESE A RECEPTORHOZ

A T-sejt antigén-receptor komplex minden T-sejt felszinén egy
heterooligomer struktirdbdl épil fel és hat vagy hét kilonbozd
alegységbdl dll [39]. Az alegységek - szerkezetiiket tekintve - hdrom
kiilonb6zd csoportba sorolhaték. Az elsében az immunglobulin
géncsalddhoz tartozé o és S ldnc taldlhaté [40]. Az -8 heterodimerhez
kapcsolddik a CD3 komplex v, 6 €s € ldnca, melyek kéziil az el6bbi kettd
glikozildlt. A harmadik csoportba a { csalddba tartozé dimerek sorolhatok

[41]. Az o és (8 lanc kivételével a T-sejt antigén-receptor komplex tobbi
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alegységének funkcidja nem ismert, bar a { ldncra vonatkozéan kisérleti
adatok ismertek az irodalomban [42, 43].
Kisérleteinkben két sejtfelszini fehérjét, a T-sejt receptor komplex -

és o-ldncdt vizsgdltuk.

A ¢-lanc aminosav sorrendje:

MKWKALFTAA ILQAQLPITE AQSFGL7LDPK LCYLLDGILF

szigndl peptid extracell. transzmembrdn
IYGVILTALF LRVKFSRSAE PPAYQQGQNQ LYNELNLGRR
régié —» intracelluldris rész

EEYDVLDKRR GRDPEMGGKPRRKNPQEGLY NELQKDKMAE
AYSEIGMKGE RRRGKGHDGL YQGLSTATKD TYDALHMQAL

PPR

A é-ldnc szekvencidja:

MEHSTFLSGL VLATLLSQVS PFKIPIEELE DRVFVNCNTS
szigndl peptid —» extracelluldris rész
ITWVEGTVGT LLSDITRLDL GKRILDPRGI YRCNGTDIYK

DKESTVQVHY RMSQSCVELD PATVAGIIVT DVIATLLLAL
transzmembrdn régié
GVFCFAGHET GRLSGAATDQALLRNDQVYQPLRDRDDAQY

intracelluldris rész
SHLGGNWARN K

Az elsé 1€pés az immunoldgiailag aktiv régiok megkeresése. Ezt
kiilonb6zd predikciés mdédszerekkel szokds elvégezni [44, 45, 46, 47].

A predikcidk els6sorban a peptidldnc hidrofilicitdsdt, flexibilitds4t, illetve
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mdsodlagos szerkezeti elemek (o-hélixek, G-reddzott rétegek, B-turnok)
képzddését veszik alapul az antigenitdsi index szdmitdsdndl. A legjobbnak
igérkezd epitdpok a magasabb indexti régidékban taldlhaték. A
szdmitégépes modellezést a WISCONSIN programcsomag
felhaszndldsdval végeztiik el.

A ldncok extracelluldris részeib6l immunogén szakaszokat

vdlasztottunk ki. Az aldbbi peptideket szintetizdltuk:

QSFGLLDPKLC T332
PITEAQSFGLLDPKLCY T3¢ 1733
AQSFGLLDPKLCYLLDG T35
TRLDLGKRILDPRGIYR T3655 5,

A {-ldnc a T-sejt receptorban dimerként fordul eld, amelyben a két
ldncot diszulfidhid koti Ossze. Ezért a levegd oxigénjével tOrténd
oxiddcidval elddllitottuk a T3(,,4, é€s a T3{,;,5; peptidek dimerjeit is. A
{-ldncbdl szintetizdlt monomer €s dimer peptideket glutdrdialdehiddel
marha szérum albumin és tireoglobulin hordozékhoz kapcsoltuk pH 6,5-
es foszfiat pufferben. A konjugdtumokat desztilldlt vizzel szemben 24
Ordn dt tart dializissel tisztitottuk, s igy haszndltuk fel. A kovetkezd
peptid-BSA konjugdtumokkal nyulakat immunizdltunk:

BSA - T3{»3

BSA - T3¢,,5, dimer

BSA - T3{,;5; dimer.

A kapott antiszérumok felismert€k az immunizdldsra haszndlt peptid
tireoglobulinhoz konjugdlt formdjdt. Az immunreakcié specifikus voltdt
peptid kompeticiés ELISA kisérletekkel sikeriilt igazolni. Egyik

antiszérum sem ismerte fel viszont a T-sejtekben jelenlévd nativ {-ldncot.
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A T30;55, peptidbdl marha szérum albumin és tireoglobulin
konjugdtumokat készitettiink, majd nyulak immunizildsdra haszndltuk fel,
az el6zbekben leirtak szerint. Ebben az esetben is termelddott specifikus
immunreakciéban ellenanyag, amely felismerte az oligopeptidet és az
immunizdldsra haszndlt konjugdtumot, de nem ismerte fel a nativ ¢-
lancot.

A fenti kisérletek nem kielégitd sikere miatt megprébdlkoztunk
eldgazé szerkezet(i antigének haszndlatdval. A Tam 4ltal leirt szerkezetek
mintdjdra szintetizdltunk két MAP struktirdt a {~ldnc, egyet pedig a 6-

lanc vizsgdlatdhoz:

AQSFGLLDPKLCYLLDG\
AQSFGLLDPKLCYLLDG/ \

AQSFGLLDPKLCYLLDG / \

AQSFGLLDPKLCYLLDG/
MAP-4
AQSFGLLDPKLCYLLDG\

AQSFGLLDPKLCYLLDG/ AN
K
AQSFGLLDPKLCYLLDG~, /

AQSFGLLDPKLCYLLDG/
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AQSFGLLDPKLCYLLDG\

AQSFGLLDPKLCYLLDG/K
~RGLFGAIAGFIEGR  MAP-5
AQSFGLLDPKLCYLLDG~_

AQSFGLLDPKLCYLLDG/K

FKIPIEELEDRVFVNC\K

FKIPIEELEDRVFVNC—
K—RGLFGAIAGFIEGR ~ MAP-6
FKIPIEELEDRVFVNC~__ /
K

FKIPIEELEDRVFVNC—"

A MAP-4 elagazé szerkezetli antigén, amely egyik T-sejt epitépot
oktamerként tartalmazza, az immunizdldsi kisérletekben toxikusnak
bizonyult. A MAP-5 konstrukcié szintézisére azért keriilt sor, mert az
influenza virus hemagglutininrél nyert eredmények (I/A fejezet) alapjan
arra  kovetkeztettink, hogy a HI1/HAl;,,-HA2,; peptid
(RGLFGAIAGFIEGR) sejtaktivdlé szerepet t6lt be az immunvdlasz
sordn. Az igy elGdllitott antigénnel szemben termelddott ellenanyag, de
az antiszérum ebben az esetben sem ismerte fel a nativ {-ldncot.

A MAP-6 konstrukcié a T-sejt receptor 6-ldncdnak 1-16 szakaszabdl
és az el6bb emlitett HI/HA1;,,-HA2,, peptidbol épiil fel. Immunizdldsi
kisérletekben hasonléképpen viselkedett, mint a T3ds5.5, szekvencidbdl
készitett konjugdtumok.

A MAP szerkezetekkel ennél a kisérletsorozatndl nem értiink el jobb

eredményt, mint a hagyomdnyos mdédon elddllitott antigénekkel.
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B, A JELATVITEL

A T-sejt receptoron keresztiil torténd sejtaktivdlédds sordn legaldbb
két kindz-utvonal aktivdlédik, majd a receptor néhdny alegysége
foszforildlédik. A kindzokat az antigénnek a receptorhoz valé kotédése
aktivdlja. Ezt koveti az alegységek megfeleld aminosavainak
foszforildcidja. A kindz-utak megismeréséhez azonositani kell azokat a
kindzokat, amelyek az aktivitdsért felelosek. Jelenleg két enzimet tesznek
felel6ssé az emlitett folyamatokért: a pS56'*-t [48] és a p597"-t [49].
Kisérleteinket ezekkel, illetve a ZAP70 kindzzal folytattuk.
Vizsgdlatukhoz az aldbbi M AP-szerkezeteket szintetizdltuk:

RNGSEVRDPLVTYEGSNPPASPLQDN\
K
RNGSEVRDPLVTYEGSNPPASPLQDN/ \
K~RGLFGAIAGFIEGR
RNGSEVRDPLVTYEGSNPPASPLQDN /
K MAP-7
RNGSEVRDPLVTYEGSNPPASPLQDN/

RYGTDPTPQHYPSFGVTSIP._
RYGTDPTPQHYPSFGVTSIP” \_
K-RGLFGAIAGFIEGR MAP-8
RYGTDPTPQHYPSFGVTSIP, _
K

RYGTDPTPQHYPSFGVTSIP
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ALGADDSYYTARSAG\

ALGADDSYYTARSAG/K\
K—RGLFGAIAGFIEGR ~ MAP-9
ALGADDSYYTARSAG-_
K

ALGADDSYYTARSAG”

ALGADDSYYTARSAG\

K
ALGADDSYYTARSAG— N\
K MAP-10
ALGADDSYYTARSAG~__ /

K
ALGADDSYYTARSAG—

Az antiLCK és az antiZAP70 szérumok magas affinitdssal felismerték
mind az immunizdldsra haszndlt peptid konstrukcidkat, mind a nativ
fehérjéket. Az antiFYN szérumok az immunizdldsra haszndlt
polipeptideket felismerték, de a nativ fehérjét felismerd képességiiket nem
sikeriilt direkt médon bizonyitani.

A jeldtvitelben kozponti szerepet betoltd, mdr emlitett foszforildcid
a T-sejt antigén-receptor komplex {- és +-ldncdt érinti [50]. A
folyamatban tirozin és szerin aminosavak hidroxilcsoportjai vesznek részt
[51]. A tirozin-foszforildcid a receptor stimuldciét kovetden megy végbe.
Eddig nem sikeriilt bizonyitani, hogy a {-ldnc intracelluldris részében
1€vd hét tirozin koziil melyek vesznek részt ebben a folyamatban. Ezért
vizsgdlataink a potencidlis foszforildciés helyek feltérképezését céloztdk.
Oligopeptideket szintetizdltunk az intracelluldris régidban 1évd tirozin

részek kornyezetébol.
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4. tabldzar. Oligopeptidek a T-sejt antigén-receptor komplex {-ldnca intracelluldris

régidjaban 1€vo tirozin részek kornyezetébol

| Joszforildcio helye | peptid szekvencidja peptid kodja
Tyr® PPAYQQG T3{61.67
Tyr™ NQLYNEL T3{0.75
Tyr® REEYDVL || T3%s0.86
Tyr'!° QEGLYNEL T3 106-113
Tyr'2 AEAYSEIG T3{ 110126
Tyr'! DGLYQGL T3$,35.144
Tyr's? KDTYDAL T3$149.155

Ezen peptidek toltotték be a kindz reakcié szubsztrdtjainak szerepét.
Kindz forrdsként HPBALL sejtekb6l nyert immunoprecipitdtumot
haszndlva a p56'* képes a Tyr* kivételével az Osszes tirozin
foszforildsdra. Legjobb szubsztrdtnak a Tyr'?? és Tyr'>*> bizonyult.
Hasonlé figyelhetd meg a p59%" esetében is, bdr jéval gyengébb
intenzitdssal. Az el6kisérletek azt mutatjdk, hogy a ZAP70 nem képes
foszforildlni egyik peptidet sem. Ha a kindz forrds pS6lck
immunoprecipititum, az eredmények kismértékben eltérnek az
el6z6ektdl, ebben az esetben a Tyr'*! foszforildciGja a legkifejezettebb.
Megdllapithatd, hogy kiilonbozé kindzok eltérd tirozinokat részesitenek
elébnyben. Megfigyeléseink j6 Gsszhangban vannak az eddig publikdlt

kezdeti eredményekkel.
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III. POSZTTRANSZLACIOS MODOSITASOK KEMIAI
SZIMULACIOJA

A peptidek és fehérjék egy része az €16 szervezetben
poszttranszldciés  dtalakuldson megy keresztil. A  szulfatdlds,
foszforilez6dés, glikozildcid a biokémiai folyamatok lényeges mozzanatai.
Vizsgdlatuk az immunvdlasz tanulmdnyozdsa szempontjdbdl is fontos,
mivel az immunrendszer eltér6 médon ismeri fel a nativ és a mddositott
molekul4t.

Noha a rovidebb peptidek szintézise a szildrd fdzisi technika
elterjedése 6ta rutin feladatnak szdmit, az emlitett utélagos dtalakitdsok
ma is kihivdst jelentenek a peptidkémikusok szdmdra. Nemcsak maga a
szintézis vet fel problémdkat. A kapott termékek fokozott
érzékenységiiek, igy stabilitdsuk megdrzéséhez kiméletes korulményeket
kell biztositani. Szildrd fazison torténd elddllitdsuk uj hordozdkat igényel,
olyanokat, amelyekrSl a peptid a szokdsosndl enyhébb kezeléssel

eltavolithato.
A, PEPTID-SZULFATESZTEREK ELOALLITASA

Ismeretesek olyan peptidhormonok, amelyek szulfatészter alakjdban
is megtaldlhat6k az €16 szervezetben. Legtobbszor tirozinon torténik ez
az utdlagos dtalakulds. A sokréti bioldgiai hatdssal rendelkezd

kolecisztokininrdl kimutattdk, hogy nem szulfatdlt szintetikus fragmensei
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a bioldgiai aktivitdsnak csak egy részével rendelkeznek (Johnson, 1970).
Kolecisztokinin-szeri peptideket emldsokon kiviil béka borébdl is
izoldltak (Anastasi és mtsi., 1968). Az igy nyert dekapeptidet
caeruleinnek nevezték el. Az eddigiekkel ellentétben az enkefalinndl a
szulfdtészter csoport lehasaddsa aktivdlja a molekuldt. A 17 aminosavbél
dllé gasztrinndl nem taldltak eltérést a szulfatdlt €s nem szulfatdlt véltozat
kozott.

Az dltalunk vizsgdlt peptideknél, a humdn gasztrinndl és a
caeruleinnél [52] a tirozin hidroxilcsoportja vesz részt a szulfitészter
képzésben. Elsd 1épésben a nem szulfatdlt peptideket dllitottuk el6 szildrd
fazison, az I/A fejezetben leirtak alapjin. A nyers peptideket a
hordozérél hasitottuk, majd szolubilizdltuk é&s liofilizdltuk. A
szulfatdldsndl két médszert haszndltunk.

a, Klor-szulfonsav haszndlata

A nyers peptidet piridin/dimetil-formamid elegyben oldjuk.
Piridin/DMF/kloroform meghatdrozott ardnyu elegyébe -10°C-on klér-
szulfonsavat csepegtetink. A két oldatot egyesitjik és
szobahdmérsékleten 24 6rdn 4t kevertetjiik.

b, Piridinium-acetil-szulfdt alkalmazdsa

A csak sotét ivegben, -20°C-on, vizmentes koriillmények kozott tarolhatod
reagens ecetsavanhidridbdl, kénsavbél és piridinbsl késziil -15°C-on. A
reagenst a peptid oldatdhoz adjuk és néhdny napig szobahdmérsékleten
kevertetjiik. A reakcié lejdtszoddsa utdn a termékeket a reagensektol
elvdlasztjuk. A szulfdtészterek savérzékenységiik miatt csak semleges
koriilmények kozott tarolhaték. Tisztitdisukat RP-HPLC-vel végeztiik. Az

erdsen savas koriilményeket a kromatografdldsndl is elkeriiltiik, 0,5 M,
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pH=6,5 ammodnium-acetdt oldatbdl késziilt eluenseket haszndltunk.
A leirt médszerek alkalmazdsdval sikeriilt nagyobb mennyiségben is

elfogadhaté tisztasdgi peptid-szulfatésztereket elddllitani.
B, GLIKOPEPTIDEK SZINTEZISE

Kisérleteket végeztink az EPGNDDLTLQ peptid-amid
glikozilezésére a 6. helyzeti aszparaginsavon keresztiil.
N-glikozidok szintézisére két it ismeretes:

1. a megfeleléen védett peptidek glikozilezése [53]

2. glikozilezett aminosavak beépitése [54, 55].
Az 1. mddszernél az egyik legnagyobb hibdat az jelenti, hogy a
glikozilezés koriilményei ko6zott a modositandé aszparaginsav -
karboxilcsoportja szukcinimid-szdrmazékot képezhet az Asp C-
termindlisdn 1évé amidcsoporttal. Ezt a mellékreakciét eddig csak abban
az esetben sikeriilt elkeriilni, ha az aszparaginsavat prolin kovette.
Célunk ezen 1. szintézisut tanulmdnyozdsa volt, kiilonds tekintettel az
emlitett mellékreakcidra.

Az I/A fejezetben leirtak alapjdn szintetizdltuk a kdvetkezd peptidet:

Fmoc-Glu(Fm)-Pro-Gly-Asn-Asp(Fm)-Asp-Leu-Thr-Leu-GIn-NH,
A glutaminsav és az 5. aszparaginsav w-karboxilcsoportjait fluorenil-
metil-észterrel védtiikk. Késobb, a térgdtlds csokkentése érdekében, az
Asp® védbcsoportjét allil-észterrel cseréltiik fel:

Fmoc-Glu(Fm)-Pro-Gly-Asn-Asp(All)-Asp-Leu-Thr-Leu-GIn-NH,
Az N-termindlis Fmoc-csoportot ligy épitettiikk be, hogy a szintézis utdn

a gyantdin 1évd peptidet fluorenil-metil-oxi-karbonil-N-hidroxi-



25

szukcinimiddel reagdltattuk. A monoszacharid a 2-dezoxi-2-acetamido-D-
gliikézamin volt. Szdmos kapcsoldsi médszert kiprébdltunk: diciklohexil-
amin/1-hidroxi-benztriazol, diciklohexilamin/pentafluor-fenol
kondenzdcié, BOP reagens (benztriazol-1-il-oxi-tris-{dimetil-amino}-
foszfénium hexafluoro-foszfat), HBTU reagens (benztriazol-1-il-1,1,3,3-
tetrametil-urénium hexafluoro-foszfdt). Az elsd hdrom esetben nem, vagy
csak minimdlis mennyiségben képzddott termék. HBTU reagenssel a
kapcsoldsokat ekvivalens mennyiségi diizopropil-etil-amin jelenlétében,
vizmentes dimetil-formamidban végeztik, az irodalomban leirt
maédszerrel [56]. A reakcidkat forditott fazisi HPLC-vel kovettik a
kordbban (I/A fejezet) ismertetett feltételek mellett.

A peptidek reakcidkészsége kozott szdmottevd kiilonbséget nem
tapasztaltunk. A kiinduldsi anyag mindkét esetben kb. egy Ora alatt
elfogyott a reakcidelegybdl, ezt kovetden tovdbbi vdltozdst nem
észleltiink. Nagyobb része a kivant termékké alakult, de szukcinimid-
szdrmazék is képzo6dott. Mennyiségi viszonyukat a kromatogramok
integrdldsdval meghatdrozva kozelitdleg 2:1 ardny adédott a glikopeptid
javdra. Kisérleti eredményeinkbdl levonhaté a kdvetkeztetés, hogy HBTU
reagenssel, diizopropil-etil-amin jelenlétében elddllithaték glikopeptidek

az 1. mdédszer alapjdn.

A 1II fejezet B pontjdban leirt vizsgdlatokhoz célul tlztik ki
foszfatészter-csoport beépitését. Tirozin tartalmi, hét-nyolc aminosavbol
dll6 peptideken végeztiik az dtalakitdsokat. ElSkisérleteink eddig nem
hoztak egyértelmii eredményt. A jovGben tervezziik a megkezdett munka

folytatdsat.



26

C, EGY PEPTIDSZINTEZISRE ALKALMAS HORDOZO UJ
ELOALLITASA

A moédositott peptidek szintézis€éhez sziikséges kiméletesebb
koriilmények dj hordozékat kovetelnek. Egy igéretesnek tind polimer a
Rink 4ltal leirt 4-(2°,4’-dimetoxifenil-hidroximetil)-fenoximetil-polisztirol
[57]. Az igen érzékeny aminosav-hordoz6 kotés miatt az Fmoc
stratégidval elGdllitott peptidek enyhe savas kezeléssel eltdvolithaték a
polimerrdl, igy a savérzékeny funkciék gyakorlatilag nem kdrosodnak.
Szintézisére kidolgoztunk egy dj mddszert [58, 59, 60]. Erre azért volt
szitkkség, mert az eredeti eljdrdst kovetve alacsony boritottsdgi, nem
egyértelmii szerkezetli hordozéhoz jutottunk.

Rink el6szor 2,4-dimetoxi-4’-hidroxi-benzofenont szintetizdlt, ezt
cézium sévd alakitva klérmetil-polisztirolhoz kapcsolta. A linkert a
polimeren redukdlta. A hordozén végzett redukcié spektroszkdpiai
mddszerekkel alig kovethetd, a képzodd melléktermékek szinte egydltaldn
nem mutathaték ki. Ezen feliil a kapott hordozé boritottsdga igen
alacsonynak, mind6ssze 0,1 mmol/g-nak adédott.

A felmeriilt nehézségek miatt uj szintézisutat vdlasztottunk:
elddllitottuk a kész linkert és ezt kapcsoltuk polimerhez. Ehhez a 2,4-
dimetoxi-4’-hidroxi-benzofenon redukciéjdnak koriikményeit
optimalizdltuk. Megdllapitottuk, hogy az irodalomban leirt egy Ordval
szemben 10-15 perc alatt végbemegy a reakcid, utdna melléktermékek
keletkeznek. A cézium sét kdlium séval helyettesitettiik, igy nemcsak

lényegesen olcs6bb elddllitdsi médszerhez, hanem magasabb boritottsdgu
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polimerhez is jutottunk. Hordozdénk szubsztiticiés foka 0,4-0,5 mmol/g-
nak adédott.
A kidolgozott eljards segits€gével nagy mennyiségben is j6
termeléssel, gazdasdgosan dllithatunk eld médositott peptidek szintézisére

alkalmas polimert.
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OSSZEFOGLALAS

Az immunvdlasz két oldaldnak, az antigéneknek és az ezekre reagdlé
sejteknek a tanulmdnyozdsa céljabdl szintetikus peptideket dllitottunk eld.
Az antigének vizsgdlatdhoz az influenza és az ezzel bizonyos
hasonlésdgot mutaté HIV virust vélasztottuk. Az influenza esetében a
virus fert6z6képessége szempontjdbdl dontd fontossdgi membrin
glikoproteint, a hemagglutinint tanulmdnyoztuk. Hasitdsi helyének
koérnyezetébdl nyolc célszerien megvdlasztott peptidet szintetizdltunk,
melyek az enzimatikus lebontds utdn szabaddd vdlé alegységek (HA1 és
HA2) C- illetve N-termindlisait képviselik. Elédllitottunk hdrom eldgazé
szerkezetli antigént is, melyek az irodalombdl ismert MAP (multiple
antigenic peptide) szerkezetek eddig nem publikdlt médon dtalakitott
véltozatai. A peptidek tisztitdsdt, szerkezetigazoldsdt kovetben elvégzett
immunolégiai vizsgdlatok bizonyitottdk, hogy a H1/HA1;,,3,5 és ennek
hosszabbitott vdltozatai aktivdljdk a T-sejteket. A MAP-1 jeld eldgazé
struktira tilélési kisérletben 80 %-os védettséget idézett eld egerekben
Otszoros letdlis d6zisu influenza virussal szemben, ami figyelemre mélté
eredmény szintetikus vakcindk készitésének irdnydban.

Tobb szerotipus ellen hatdsos ellenanyag tervezése céljdbdl a
vizsgdlatokat kiterjesztettik a H2 és H3 altipusokra is. CD és FT-IR
spektroszkodpidval a jé epitépnak bizonyult szekvencidkndl rendezett (G-
turn, esetenként a-hélix) szerkezeteket sikeriilt kimutatni.

Az irodalombdl ismerve a HIV és az influenza virusok érési
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folyamatai kozti analdgidt szintetizdltunk négy peptidet a HIV virus
gp120 kdpenyfehérjéjébdl. Az immunoldgiai és konformdcids vizsgdlatok
még nem zdrultak le.

Az antigénekre reagdlé sejtek koziil a T-sejtet, kozelebbrol a
felszinén 1€vé antigén-receptor komplexet tanulmdnyoztuk. Célunk
egyrészt az antigén-felismerés, mdsrészt az ezt kovetd jeldtvitel vizsgdlata
volt. A ¢ és 0 ldncokon elvégzett szdmitégépes predikcié eredménye
alapjan megfelel6 epitépnak josolt régiékbol négy rovidebb peptidet és
hdarom MAP szerkezetet szintetizdltunk. Az oligopeptideket és esetenként
ezek dimerjeit BSA é€s tireoglobulin hordozékhoz kapcsoltuk, majd az
eldgazé szerkezetli antigénekkel egyiitt immunizdldsra haszndltuk. Az
elbdllitott antiszérumok felismerték az immunizdlé dgenseket, de nem
ismerték fel a nativ {-ldncot. Az immunreakcié specifikus voltdt is
igazoltuk.

A jeldtvitelt a pS6lck, a pS9fyn és a ZAP70 kindzok esetében
vizsgdltuk. Az enzimekbdl kivdlasztott epitépokbél négy MAP
szerkezetet szintetizdltunk. Az elleniik termel6dott antiszérumon a pS9fyn
kivételével mind a MAP-ot, mind a nativ fehérjét felismerték. A {-ldnc
foszforildciés helyeinek pontos feltérképezése céljabol oligopeptideket
szintetizdltunk az intracelluldris régié tirozinjainak kornyezetébdl.
Kiilonb6z6 forrdsokbdl nyert kindzokat haszndlva megdllapitottuk, hogy
a Tyr® kivételével mind a hat tirozin szubsztrdtja a foszforilezésnek, de
az egyes kindzok eltérd médon preferdljdk egyik illetve mdsik tirozint.

A peptidek, fehérjék €16 szervezetben végbemend poszttranszldcios
dtalakuldsai kozill a szulfatdldst, glikozilezést és foszfatdldst

tanulmdnyoztuk. Mindhdrom esetben azonos stratégidt kovettink: a
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modositatlan peptidet szintetizdltuk és feldolgozds utdn ezt vetettiik ald az
emlitett utélagos 4talakitdsoknak.

A humdn gasztrin és a caerulein szulfatdldsat két médszerrel, klor-
szulfonsav, illetve acetil-piridinium-szulfdt alkalmazdsdval valdsitottuk
meg.

Glikozilezéshez modellként egy aszparaginsavat tartalmazd
dekapeptidet €s a 2-dezoxi-2-acetamido-D-gliikk6zamint vdlasztottuk. A
kapcsolds kivitelezésére legalkalmasabbnak az HBTU reagens bizonyult
diizopropil-etil-amin  jelenlétében. A termelést csokkentette a
mellékreakcidként fellépd szukcinimid-szdrmazék képzddés.

A poszttranszldciésan mddositott peptidek szint€zis€hez sziikséges
enyhe reakciékorilmények biztositdsa érdekében foglalkoztunk
savérzékeny polimerek elddllitdsdval. Egy j6 tulajdonsdgokkal rendelkezd
hordozd, a Rink dltal leirt polimer szintézisére i) médszert dolgoztunk
ki, amely az eredetinél magasabb boritottsdgu terméket eredményez €s az

irodalombdl ismert eljdrdsndl gazdasdgosabb.



[a—

31

IRODALOMJEGYZEK

. Bittle, J. L., Houghten, R. A., Alexander, H., Shinnick, t.,

Sutcliffe, J. G., Lerner, R. A., Rowlands, D. J. and Brown, F.
(1982) Nature 298, 30

Clements, G. J., Price-Jones, M. J., Stephens, P. E., Sutton, C.,
Schultz, S. and Marsh, M. (1991) AIDS Res. and Human

Retroviruses 7, 3

. Bosch, M. L., Earl, P. L., Fargnoli, K., Picciafuoco, S., Giombini,

F., Wong-Staal, F. and Franchini, G. (1989) Science 244, 694
Willey, R. L. (1988) Proc. Natl. Acad. Sci. USA 85, 9580

5. Kowalski, M., Potz, J., Basiripour, L., Dorfman, T., Goh, W. C.,

Terwilliger, E., Dayton, A., Rosen, C., Haseltine, W. and Sodroski,
J. (1987) Science 237, 1351
Wilson, I. A. and Cox, N. J. (1990) Annu. Rev. Immunol. 8, 737

7. Thomas, D. B., Burt, D. S., Barnett, B. C., Graham, C. M.,

10.

11.

Skehel, J. J. (1989) Cold Spring Harbor Symp. on Quant. Biol. LIV:
487

Yewdell, J. W. and Hackett, C. J. (1989) The Influenza Viruses,
Plenum Press N. Y., London p. 361

Webster, R. G. and Rott, R. (1987) Cell 50, 665

Garten, W., Vey, M., Ohuchi, R., Ohuchi, M. and Klenk, H.
(1991) Behring Inst. Mitt. 89, 12

White, J. M. (1990) Annu. Rev. Physiol. 52, 675



12.
13.
14.
15.
16.

17.
18.

19.
20.

22.
23.

24.

25.

26.

32

Doms, R. W., Helenius, A. and White, J. (1985) J. Biol. Chem.
260, 2973

Merrifield, R. B. (1963) J. Amer. Chem. Soc. 85, 2149
Channabasavaiah, K. and Stewart, J. M. (1979) BBRC 86, 1266
Matsueda, G. R. and Stewart, J. M. (1981) Peptides 2, 45
Kaiser, E., Colescott, R. L., Bossinger, C. D. and Cook, P. J.
(1970) Anal. Biochem. 34, 595

Jackson, D. C. and Brown, L. E. (1991) Peptide Res. 4, 114
Brown, L. E., Murray, J. M., Anders, E. M., Tang, X.-L., White,
D. O., Tregear, G. W. and Jackson, D. C. (1988) J. Virol. 62, 1746
Garten, W. and Klenk, H.-D. (1983) J. Gen. Virol. 64, 2127
Rajnavolgyi, E., Nagy, Z., Kurucz, I., Gogoldk, P., Téth, G. K.,
Vdradi, G., Penke, B., Tigyi, Z., Holl6si, M. and Gergely, J.
(1993) ko6zlésre elkiildve

Hollési, M., Ismail, A. A., Mantsch, H. H., Penke, B., Vdradi,
G., Téth, G. K., Laczké, 1., Kurucz, 1., Nagy, Z., Fasman, G. D.
and Rajnavolgyi, E. (1992) Eur. J. Biochem. 206, 421

Tam, J. P. (1988) Proc. Natl. Acad. Sci. USA 85, 5409

Francis, M. J., Hastings, G. Z., Brown, F., McDermed, J., Lu,
Y.-A. and Tam, J. P. (1991) Immunology 73, 249

Tam, J. P. and Lu, Y.-A. (1990) In R. Epton (Ed.), Innovation and
Perspectives in Solid-Phase Synthesis 1. Intercept, UK p. 351

Del Giudice, G., Tougne, C., Louis, J. A., Lambert, P. H.,
Biaanchi, E., Bonelli, F., Chiappinelli, L. and Pessi, A. (1990) Eur.
J. Immunol. 20, 1619

Munesinghe, D. Y., Clavijo, P., Calle, M. C., Nussenzweig, R. S.



27.

)~ 28.

6~ 29.

30.
31.

(D 3.

33.
34.
35.
36.

37.
38.

33

and Nardin, E. (1991) Eur. J. Immunol. 21, 3015

Tam, J. P., Clavijo, P., Lu, Y.-A., Nussenzweig, W.,
Nussenzweig, R. S. and Zavala, F. (1990) J. Exp. Med. 171, 299
Téth, G. K., Vdradi, G., Nagy, Z., Monostori, E., Penke, B.,
Hegedis, Z., Andé, 1., Fazekas, G., Kurucz, I., Mdk, M. and
Rajnavolgyi, E. (1993) Peptide Research 6, 272

Téth, G. K., Vdradi, G., Penke, B., Monostori, E., Hegedis, Z.,
Nagy, Z., Kurucz, 1. and Rajnavolgyi, E. (1993) In C. H. Schneider
and A. Eberle (Eds.), Peptides 1992, Proceedings of 22th EPS,
ESCOM Sci. Publ., p. 882

Wiesmiiller, K. H., Jung, G. and Hess, G. (1989) Vaccine 7, 29
Jung, G., Wiesmiiller, K. H., Becker, G., Biihring, H. J. and
Bessler, W. G. (1985) Angewandte Chemie 97, 883

Holly, S., Majer, Z., Té6th, G. K., Vdradi, G., Rajnavolgyi, E.,
Laczkd, I. and Hollési, M. (1993) BBRC 193, 1247

Pincus, M., Gerewitz, F., Schwartz, R. H. and Scheraga, H. (1973)
Proc. Natl. Acad. Sci. 80, 3297

Berkower, 1., Buckenmeyer, G. K., Gurd, F. R. N. and Berzofsky,
J. A. (1982) Proc. Natl. Acad. Sci. 79, 4723

Berkower, 1., Matis, M. A., Gurd, F. R. N., Longo, D. L. and
Berzofsky, J. A. (1984) J. Immunol. 132, 1370

Berzofsky, J. A., Cease, K. B., Cornette, J. L., Spouge, J. L.,
Margalit, H., Berkower, 1. J., Good, M. F., Miller, L. H. and
DeLisi, C. (1987) Immunol. Rev. 98, 9

Cann, A. J. and Karn, J. (1989) AIDS 3, (suppl 1) S19-S34
McKeating, J. A. and Willey, R. L. (1989) AIDS 3, (suppl 1) S35-



39.
40.
41.
42.

43.
44.

45.
46.

47.
48.
49.
50.
51.

Y)— s2.

34
S41
Baniyash, M., Garcia-Morales, P., Bonifacino, J. S., Samelson, L.
E. and Klausner, R. D. (1988) J. Biol. Chem. 263, 9874
Neerven, J. V., Coligan, J. E. and Koning, F. (1990) Eur. J.
Immunol. 20, 2105
Orloff, D. G., Ra, C., Frank, S. T., Klausner, R. D. and Kinet, J.
P. (1990) Nature 347, 189
Frank, S. J., Niklinska, B. B., Orloff, D. G., Mercep, M.,
Ashwell, J. D. and Klausner, D. (1990) Science 249, 174
Irving, B. A. and Weiss, A. (1991) Cell 64, 891
DeLisi, C. and Berzofsky, J. A. (1985) Proc. Natl. Acad. Sci. USA
82, 7048 .
Chou, P. Y. and Fasman, G. D. (1978) Adv. Enzymol. 47, 45
Hopp, T. P. and Woods, K. R. (1981) Proc. Natl. Acad. Sci. USA
78, 3824
Zvelebil, M. J., Barton, G. J., Taylor, W. R. and Sternberg, M. J.
E. (1987) J. Mol. Biol. 195, 957
Barber, E. K., Dasgupta, J. D., Schlossmann, S. F., Trevillyan, J.
M. and Rudd, C. E. (1989) Proc. Natl. Acad. Sci. USA 86, 3277
Samelson, L. E., Phillips, A. F., Loung, E. T. and Klausner, R. D.
(1990) Proc Natl. Acad. Sci. USA 87, 4358
Patel, M. D., Samelsoom, L. E. and Klausner, R. D. (1987) J.
Biol. Chem. 262, 5831
Monostori, E., Desai, D., Brown, M. H., Cantrell, D. A. and
Crumpton, M. J. (1990) J. Immunol. 144, 1010
Zardndi, M., Téth, G. K., Véradi, G., Jandky, T., Varga, J. R. and



53.

54.

35

Penke, B. (1992) In R. Epton (Eds), Innovation and Perspectives in
Solid Phase Synthesis II, Intercept UK, p. 503

Garg, H. G., Hasenkamp, T. and Paulsen, H. (1986) Carbohydr.
Res. 151, 225

Kunz, H. and Dombo, B. (1988) Angew. Chem. Int. Ed. Eng. 27,
711

. Paulsen, H. and Schulz, M. (1987) Carbohydr. Res. 159, 37
. Anisfeld, S. T. and Lansbury, P. T., Jr. (1990) J. Org. Chem. 55,

5560

. Rink, H. (1987) Tetrahedron Letters 28, 3787
. Vdradi, G., Téth, G. K. and Penke, B. (1993) Int. J. of Peptide and

Protein Res., kozlésre elfogadva

. Vdradi, G., Téth, G. K., Szabd, A., Nyerges, L. and Penke, B.

(1993) In C. H. Schneider and A. Eberle (Eds.), Peptides 1992,
Proceedings of 22th EPS, ESCOM Sci. Publ., p. 269

. Penke B., Té6th G., Vdradi Gy., Nyerges L., Szab6é A., Désai M.

E., Nagy K., Gdll G., Szajani B., Siit5 I. és T6th A. "Eljdrds
szubsztitudlt benzhidrol- és benzhidrilamin polimerek elddllitdsdra”,

P9302231 sz. magyar szabadalmi bejelentés (1993. 08. 02.)



36

SAJAT KOZLEMENYEK

. Hollési, M., Ismail, A. A., Mantsch, H. H., Penke, B., Vdradi,
G., Téth, G. K., Laczké, 1., Kurucz, 1., Nagy, Z., Fasman, G. D.
and Rajnavélgyi, E. (1992) Eur. J. Biochem. 206, 421

. Téth, G. K., Vdradi, G., Nagy, Z., Monostori, E., Penke, B.,
Hegedts, Z., Andd, 1., Fazekas, G., Kurucz, 1., Mdk, M. and
Rajnavélgyi, E. (1993) Peptide Research 6, 272

. Holly, S., Majer, Z., Téth, G. K., Vdradi, G., Rajnavolgyi, E.,
Laczko, I. and Hollési, M. (1993) BBRC 193, 1247

. Vdradi, G., Téth, G. K. and Penke, B. (1993) Int. J. of Peptide and
Protein Res., kozlésre elfogadva

. Vdradi, G., Téth, G. K., Szabd, A., Nyerges, L. and Penke, B.
(1993) In C. H. Schneider and A. Eberle (Eds.), Peptides 1992,
Proceedings of 22th EPS, ESCOM Sci. Publ., p. 269

. Téth, G. K., Vdradi, G., Penke, B., Monostori, E., Hegedis, Z.,
Nagy, Z., Kurucz, 1. and Rajnavdlgyi, E. (1993) In C. H. Schneider
and A. Eberle (Eds.), Peptides 1992, Proceedings of 22th EPS,
ESCOM Sci. Publ., p. 882

. Zardndi, M., Téth, G. K., Vdradi, G., Jandky, T., Varga, J. R. and
Penke, B. (1992) In R. Epton (Eds), Innovation and Perspectives in
Solid Phase Synthesis II, Intercept UK, p. 503

. Rajnavolgyi, E., Nagy, Z., Kurucz, I., Gogoldk, P., Téth, G. K.,
Vidradi, G., Penke, B., Tigyi, Z., Holl6si, M. and Gergely, J.



37
(1993) kozlésre elkiildve

. Penke B., Té6th G., Vdradi Gy., Nyerges L., Szabé A., Désai M.
E., Nagy K., Gdll G., Szajani B., Siit6 I. és T6th A. "Eljdrds
szubsztitudlt benzhidrol- és benzhidrilamin polimerek el6dllitdsdra"”,

P9302231 sz. magyar szabadalmi bejelentés (1993. 08. 02.)



Megkoszonom Dr. Penke Botond professzornak, a kémiai
tudomdnyok doktordnak, hogy lehetdséget biztositott az dltala vezetett
intézetben disszertdciom elkészitésére €s munkdmat figyelemmel kisérte,
irdnyitotta. Ko&szonetet mondok témavezetdmnek, Dr. Téth Gébor
docensnek, a kémiai tudomdnyok kandiddtusdnak munkdm irdnyitdsdért,
az ahhoz nytjtott elméleti és gyakorlati segitségéért.

Ko6sz6nom Ferenci Richdrdnak a peptidek hidrogén-fluoridos
hasitdsdnak kivitelezését, valamint Dr. Jandky Tamdsnak az aminosav
analizisek elvégzését.

A biolégiai vizsgdlatokat Dr. Rajnavolgyi Evdnak és munkatdrsainak,
illetve a Dr. Monostori Eva vezetésével miikod6 kutatécsoportnak
kOszonom. Megkoszonom Dr. Hollési Miklésnak a konforméciés, Dr.
Mdk Mariannak a tomegspektrometrids és Dr. Dombi Gyoérgynek az
NMR vizsgdlatokat.

Végiil koszonetet szeretnék mondani Désai Molndr Evdnak és

intézetiink valamennyi dolgozdjdnak, akik a munkdmat segitették.



MELLEKLET



Eur. J. Biochem. 206, 421 —425 (1992)
© FEBS 1992

Conformational and functional properties of peptides
covering the intersubunit region of influenza virus hemagglutinin

Miklos HOLLOSI!, Ashraf A. ISMAILZ, Henry H. MANTSCH?2, Botond PENKE?, Istvan G. \_/ARADI 3 .
Gabor K. TOTH?, llona LACZKO*, Istvan KURUCZ?*, Zoltan NAGY$, Gerald D. FASMAN" and Eva RAJINAVOLGYI®

Dcpartment of Organic Chemistry, E6tvos University, Budapesi, Hungary

i
2
3
4

5
6
7

Steacie Institute for Molecular Sciences, NRC, Ottawa, Canada

Department of Medical Chemistry, A. Szentgyorgyi Medical University, Szeged, Hungary

Institute of Biophysics, Biological Research Center, Szeged, Hungary
Institute for Drug Research, Budapest, Hungary

Department of Immunology. E6tvos University, God, Hungary
Department of Biochemistry, Brandeis University, Waltham, USA

(Received November 12, 1991/February 17, 1992) — EJB 91 1525

The functionally active part of influenza virus hemagglutinin was investigated through the syn-
thesis of a series of peptides representing different parts of the intersubunit region. Secondary structure
prediction, circular dichroism and Fourier transform infrared spectroscopic studies were undertaken
to investigate the secondary structure of these peptides. The peptide fragments were found to adopt
multiple conformations, depending on their concentration in solution, the presence of the non-ionic
detergent octyl-B-D-glucoside and the polarity of the solvent. The results of biological studies with

these peptide fragments are discussed in relation to
scopic analysis.

Hemagglutinin. the envelope glvcoprotein of the influenza

virus. is a trimer of molecular mass 224640 Da. Itis an integral
membrane protein characterized by a three-domain structure
{1]. A basic requirement for the infectivity of the virus is the
post-translational enzymic cleavage of the external domain of
hemagglutinin which, by elimination of Arg329 results in two
subunits. which we refer to as hemagglutinin 1 (HA1) and
hemagglutinin 2 (HA2) (see Scheme 1 for the amino acid
sequence of these fragments). This separation exposes the N-
terminal of HA2, the so-called fusion peptide [1 — 3]. It is this
peptide which, after 2 pH-dependent conformational change,
enables the fusion of the virus envelope with the endosomal
membrane of the host cell. According to earlier circular di-
chroism and fluorescence spectroscopic studies {4]. the 20-
amino-acid fragment, but not the 16-amino-acid fragment
from the N-terminal fusogenic region of HA2 adopts a helical

conformation when bound

to vesicles. Using circular

dichroism spectroscopy, Wharton et al. {5] found a correlation
between fusogenicity and x-helix content of a 23-amino-acid
fragment of HA2.

To elucidate whether the conformation of this part of

hemagglutinin plays a role in T-cell and B-cell recognition. a
series of peptides representing the intersubunit region (IP). the
fusion peptide (FP1) and the remnant of the hemaggluunin
intersubunit (HA1C-Arg) were synthesized. along with ana-
logues that contain a DArg in the central position [DArgi3}IP,
lack an arginine at the N-terminal peptide (HA1C), or contain

Correspondence to H. H. Mantsch, Steacie Institute for Molecular
Sciences. National Research Council of Canada, Ottawa, Canada
K1A OR6

Abbreviations. FT-IR, Fourier transform infrared; IP, intersub-

unit peptide; FP, fusion peptide; HA, hemagglutinin,

their conformation, as inferred from the spectro-

arginines at both ends of the fusion peptide (FP3; see Scheme
1). As B-cell recognition is highly dependent on determinant
conformation [6, 7] and T cell epitopes are characterized by
restricted conformational requirements (8], the confor-
mational characterization of these peptides was of particular
interest.

Circular dichroism and Fourier-transform (FT-IR) spec-
troscopic studies were undertaken to explore the secondary
structure adopted by these synthetic peptides in solution. The
conformation of the peptides was investigated in aqueous
solution and in trifluoroethanol, a structure-promoting or-
ganic solvent. Changes in peptide conformation are discussed
in terms of their impact on antibody and T-cell recognition.

MATERIALS AND METHODS
Peptide synthesis

The hemagglutinin peptide fragments shown in Scheme 1
were all synthesized by solid-phase techniques. Side chain-
protecting groups were as follows: Arg (tosvl). Glu
(cyclohexyl), Thr and Ser (benzyl). Peptides were synthesized
on p-methylbenzhydrylamine resin (0.65 mmol;g) and svn-
thesis was carried out manually. Couplings were performed
by use of dicyclohexylcarbodiimide, with the exception of
Gin. Asn and Arg, which were incorporated as their N-
hydroxybenzotriazole esters. Amino acid incorporation was
monitored by the ninhydrin test. The completed peptide resins
were treated with liquid HF/dimethylsulphide;p-cresol
(88:6:4, by vol.) at 0°C for 1 h. HF wus then removed and
the frec peptides solubilized in 10% aqueous acetic acid. The
crude peptides were purified by semipreparative reverse-phase
HPLC on a C,;3 column (16 mm x 250 mm). Peptides were
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1 13 25
1P Val-Thr-Gly-Leu-Arg-Asn-Ile-Pro-Ser-1le-Gin-Ser-Arg-Gly-Leu-Phe-Gly-Ala-lle-Ala-Gly-Phe-1le-Glu-Gly
FPI Gly-Leu-Phe-Gly-Ala-lle-Ala-Gly-Phe-lle-Glu-Gly
FP3 Arg-Gly-Leu-Phe-Gly-Ala-lle-Ala-Gly-Phe-lle-Glu-Gly-Arg
HAIC . Val-Thr-Gly-Leu-Arg-Asn-Ile-Pro-Ser-Tle-Gin-Ser
HA1C-Arg Val-Thr-Gly-Leu-Arg-Asn-lle-Pro-Ser-Ile-Gin-Ser-Arg
[DArg13]IP Val-Thr-Gly-Leu-Arg-Asn-le-Pro-Ser-Tie-Gln-Ser-Arg-Gly-Leu-Phe-Gly- Ala-Ile-Ala-Gly-Phe-Ile-Glu-Gly

Scheme 1. Amino acid sequence and abbreviations of the synthetic peptides from the intersubunit region of influenza virus hemagglutinin used in

this report (APR8/34; Murata et al. [12]).

eluted with a linear gradient (0 — 76%) of acetonitrile contain-
ing 0.1% trifluoroacetic acid. Due to this purification pro-
cedure, the peptides are present as trifluoroacetate salts. In
order to remove the trifluoroacetate counter ion (which has
an infrared band around 1670 cm™?), the peptides were ad-
ditionally purified by chromatography on an Amberlite IR-
45 minicolumn. The purified peptides were characterized by
amino acid composition and analytical HPLC in two different
solvent systems.

Spectroscopy

Circular dichroism measurements were performed on a
Jasco J720 dichrograph at room temperature in a 0.2-mm-
path-length cell. Double-distilled water and NMR-grade
trifluoroethanol (Aldrich) were used as solvents. Octyl-B-D-
glucoside was from Sigma. Each measurement was the average
of five repeated scans in steps of 0.2 nm. Unless otherwise
stated. the peptide concentration was | mg/ml. The mean
residue ellipticity ([@)ur) is calculated using a mean residue
molecular mass of 110 Da.

Aqueous peptide solutions for FT-IR spectroscopy
[~ 100 pl; 2% (mass/vol.)] were prepared in D,O and adjusted
to pD7 with NaOD or DCl as needed. Solutions in
trifluoroethanol were prepared at similar concentrations.
Solid-state spectra were recorded from KBr discs. For tem-
perature studies, the CaF; cell was placed in a temperature-
controlled holder. Infrared spectra were recorded on a Digilab
FTS-60 FT-IR spectrometer at a resolution of 2 cm ™.

RESULTS
Secondary structure prediction

Application of the Chou-Fasman-Prevelige algorithm [9]
to a 48-amino-acid segment of the hemagglutinin protein
which contains the in positions 18 —42, shows that the C-
terminal part of IP (represented by peptides FP1 and FP3
from the fusion region) has the ability to adopt both x-helical
and f-sheet conformations (Fig. 1). The N-terminal fragment
of 1P. HA1C-Arg, has no propensity for x-helical confor-
mation: however, it contains an additional f-forming core
(Ile-Pro-Ser-1le). The N-terminal part of IP is also predicted
to form repeating fi-turns (Val-Leu-Gly-Thr, Ile-Pro-Ser-lle

and Gin-Ser-Arg-Gly or Ser-Arg-Gly-Leu, and possibly Leu--

Arg-Asn-lle). Thus, the critical Arg residue at position 329 of
hemagelutinin {indicated by an asterisk in Fig. 1), is situated
in a region where a f-turn is likely to occur.

Circular dichroism spectroscopic studies

Circular dichroism spectra, in trifluorocthanol. of the
hemagglutinin fragments IP, [DArg13)iP, FP3 and HAI1C-Arg
are illustrated in Fig, 2. 1P gives a helical circular dichroism

25
&
@
@ 204
o
]
| 154
]
are L/ /\ S =
&
= e -003
S 05 iP \ .
“ 00- ! - ' —-002 ¢
- ; 2
) : 1001 ©
- 7 - :
/‘/q TN ‘—/\'/' - -7 7\ 000
T
10 2 30 2

Restaue NuToe”

Fig. 1. Secondary structure predictions for a 48-amino-acid segment of
hemagglutinin which contains the IP fragment in positions 18 —42. The
asterisk indicates the position of Arg329 in this segment of
hemagglutinin. P (alpha), P (beta) and P {turn) represent the proba-
bilities for the respective secondary structural elements: for details see

[9).
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Fig. 2. Circular dichroism spectra, in trifluorocthanol. of the hemag-
glutinin peptide fragments 1P ( ). IDArgI3|IP (==rme— ), FP3
(**--) and HA1C-Arg (———-).

spectrum; the a-helical content. calculated by the procedure
of Greenficld and Fasman {10]. or by that of Yung et al. [11],
is approximately 30%, which corresponds to seven or eight
residues (two turns of the helix). Fragment FP3 also gives a
spectrum with helical features, which, in agreement with the
sccondary structure predictions, indicates that the helical
component of [P is located in its C-terminal half. represented
by FP3. A lower absolute intensity and the different relative
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Fig. 3. Circular dichroism spectra of IP in 1:1 trifiuoroethanol/D,0
(—), 10/90% trifluoroethanol/D,O (-*--) and in D,O containing
2.5% octyl-B-p-glucoside ( ).

band intensities in the spectrum of FP3 compared to that of
IP are compatible with a shorter or looser a-helix in FP3, or
with the presence of more than one conformer population of
FP3. The fact that IP and {[pArg13]IP have very similar spectra
suggests that the central arginine in IP, and possibly the adja
cent senine and glycine residues, may not play a significant
role in determining the chiroptical properties of this peptide.
In addition to about 30% x-helix and about 30% unordered
conformation. a significant amount of f-sheet (x=35%) was
calculated for IP. [DArg13]IP and FP3. The peptide fragments
HA1C-Arg and HA1C exhibit blue-shifted. low-intensity heli-
cal (class C) spectra which can be correlated with certain
subtypes of f-turns or their repeats (distorted helices. e.g. 3,
helix) [13—15]. .

Addition of water to trifluoroethanol results in a gradual
change in the circular dichroism spectra of IP and FP3: how-
ever. the helical character of the peptide segments is preserved
until the water content reaches 50%. The spectrum of IP in
pure water (pH 3.5) is indicative of an equilibrium between
two or more conformers. In an aqueous solution containing
2.5% octvl-f-D-glucoside. a non-ionic surfactant with second-
aryv-structure-promoting properties. IP shows a spectrum with
a negative band at 218 nm and a positive band at 183.3 nm
(Fig. 3). The single negative band indicates the predominance
of a f-sheet conformation. while the shape of the positive
bund may be related to a small contribution from an aperiodic
structure [14]. Thus. octyl-f-p-glucoside has a similar effect
to that of low (<25%) trifluoroethanol concentrations in
water. whereby fi-structures are favoured. The analvsis of
the IP spectrum shows that the S-sheet contribution to the
spectrum 1s dominant (& 50%). though a significant amount
(& 25%0) of z-helix is also present.

While the circular dichroism spectra of IP and FP3 in
trifluoroecthanol showed no concentration dependcence (in the
range 0.1 =3 mg-ml), a definite spectral change with increas-
ing concentration was obscrved in water. The spectra at higher
concentrations are suggestive of the presence of significant
amounts of fi-conformers. On dilution in water, the spectral
contribution of the fi-sheet gradually decreased and. below
a 0.3 mg'ml, the spectra revealed the predominance of un
aperiodic structure (Fig. 4). Thesc results are consistent with
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B-sheet formation stemming from aggregation of IP and FP3
in water at higher concentration.- IP and FP3 are switch
peptides with expressed 2-helicity in helix-promoting environ-
ments. and a preponderant S-sheet character at higher concen-
trations or in the presence of micelles. Below the critical micelle
concentration (=0.7%), IP and FP3 showec spectra similar
to those measured in dilute aqueous soiutions. Since the N-
terminal fragment of IP also has some f-forming potential.
single chains of this peptide have the ability of forming anti-
parallel B-pleated sheets with strong H-bonds between adja
cent chains.

Infrared spectroscopic studies

The infrared spectrum of IP and those of its C-terminal
peptides FP1 and FP3 obtained from lyophiiizec solids reveal
that these peptides are highly aggregated. A strong amide-]
band at 1628 cm ™! in IP and at 1632 cm™* iz FP! and FP3.
along with the presence of a weaker component band at about
1690 cm ™. identify these aggregates as antiparallel f-sheets
[16—18]. A broad band at 1650— 1665 cm ™" indicates the
presence of other populations {aperiodic coniormers. a-heiical
components and turns). The amide-II banc shows peaks at
1523 cm ™! (typical for f-type structures) anc at 1346 em ™!
{characteristic of aperiodic and.or z-helical structures). indica-
tive of the existence of at least two popuiations effectively
frozen in a soiid KBr matrix.

In aqueous (D,0) soluuon. the infrarec¢ spectrum of IP
also exhibits the strongest amide-I band at 1620 cm ™!, with a
weaker band at about 1698 cm ™! and u brouad unstructured
band centred at about 16350 cm ™! (Fig. 3). Band narrowing
bv Fourier self-deconvolution [19] leads to a better visuulizi-
tion of the individual bands (Fig. 3). The 1620 1698 - ecm ™!
buand pair reflects the prevalence of the fi-sheet conformation
in D,0. which was also detected in the solid state. The broad
band at 1650 cm ™! is compatible with the presence of some
unordered and/or z-helical peptide segments. Toie weak band
at 1585 em ™! is characteristic of the arginine side-chain group.
The umide-I1 band at about 1545 em ™! (due to aperiodic and
x-helica) amide groups) has shifted to about 1430 em ™! as
consequence of NH to ND exchange: however, the presence’
ol u residual amide-1 band at 1526 cm ™! indicates that even
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Fig. 6. Infrared spectrum of the hemagglutinin peptide fragment IP in
trifluoroethanol solution in the region of the amide-1 and amide-11 bands
( ). (-—=—-) The same spectrum after reducing the widths of the
infrared bands by a factor of 1.75 by use of Fourier self-deconvolution
[19].

after 24 h this exchange is not complete for the S-sheets. How-
ever. when a solution of IP was heated from ambient tempera-
ture to 80°C, this band disappeared gradually between 64°C
and 80°C, and the 1626-cm ™! band shifted to 1622 cm™?,
reflecting the complete NH to ND exchange of the -
component.

In trifluoroethanol solution (Fig. 6), the infrared spectrum
undergoes a radical change. The major amide-I band is at
1660 cm ™!, with shoulder bands at 1635cm™! and
1679 cm~!. The major amide-II band is at 1549 cm ™! band
can be attributed to a weakly hydrogen-bonded a-helical con-
formation, the band at 1679 cm ™! is in the region of turns,
while the 1635-cm ™! band reflects the presence of some re-
sidual B-structure (possibly B-turns). The change of solvent
from trifluoroethanol to a 1:1 trifluoroethanol/D,O mixture
has the net effect of increasing the f-sheet component at the
expense of the a-helical component. The spectrum of IP in
D.O solution containing 2.5% octyl-f-p-glucoside also shows
an increase in the fi-sheet components compared to that in
D,O.

FP1 is only slightly soluble in cither D,O or tri-
fluoroethanol; however, FP3 dissolves more readily both in

D,0 and trifluorocthanol and the spectra are similar to thosc
of FP1. The spectrum in DO has only a strong band at
1626 cm ™' and a weak one at 1688 cm ™', The position of the
two bands and their relative intensities are typical of antiparal-
lel fi-sheet structures [16—18]. Upon heating an aqucous
(D,0) solution of FP3 to 80"C. the peak positions did not
change. The remarkable stability of this peptide may be attri-
buted to strong hvdrogen-bonded fi-strands, probably formed
between single peptides. The spectrum of FP3 in tri-
fluoroethanol resembles that of [P except that the band at
1635cm™! is stronger, indicating that FP3 retains a larger
proportion of f-sheet conformation.

The infrared spectra in D,O of the N-terminal peptide
fragments HA1C and HA1C-Arg are practically identical and
exhibit only a single broad amide-I band centred at approxi-
mately 1646 cm ™', typical of unordered peptides proteins in
D,O solution [17. 18].

DISCUSSION

Generally, there is good agreement between the circular
dichroism and FT-IR data on the conformation of the
hemagglutinin fragments. Minor differences may be related
to the nature of the two techniques. While circular dichroism
spectra provide information on the relative spatial orientation
of the backbone amide groups, the main chromophores of
peptides and proteins, FT-IR spectroscopic data obtained
from the structure-sensitive C = O stretching vibration (amide-
I band) reflect the strength of the H-bonding in the different
secondary structures. Both type of spectra indicate a signifi-
cant z-helical content for IP in trifluoroethanol and show an
a-to-ff conversion in mixtures containing increasing amounts
of water. The position of the amide-I band at 1660 cm™!
reflects the weakness of the hydrogen bonds in the helix.

Both circular dichroism and FT-IR spectra provide evi-
dence for §-sheet conformation in IP, FP1 and FP3 in aqueous
solution; this is probably due to intermolecular association of
the peptides in solution, as evidenced by the low frequency
(1626 cm™1) of the amide-I band. The position and relative
intensity of the amide-I bands is consistent with their assign-
ment to an antiparallel S-sheet conformation [16 —18]. This
information cannot be derived from the circular dichroism
spectra of the peptides.

The presence of f-turns is supported by an X-ray analysis
of the cleaved hemagglutinin, which shows that the N-terminal
glycine-rich sequence of chain HA2 (comprised by FP1 and
FP3) forms a series of four contiguous reverse S-turns [20].

On the other hand, the infrared spectra of HA1C and
HA1C[Arg] differ considerably from those of the other
peptide fragments. A single strong band at 1646cm™! is
clearly indicative of a conformation without any secondary
structure. Indeed, the secondary structure predictions (Fig. 1)
and the class-C circular dichroism spectra of these fragments
do not support the occurrence of ordered peptide confor-
mation.

A comparison of X-ray diffraction. circular dichroism and
FT-IR spectroscopic data suggests that FP1, FP3 and presum-
ably the N-terminal fusogenic region of HA2. can adopt a
variety of conformations (x-helix, f-sheet and repeating f3-
turns). Structural and environmental factors may, however,
bring about the prevalence of a single conformational state.
The finding that the sugar-coated octyl-8-p-glucoside micelles
prompt the formation of ff-sheet structure of IP and FP3, even
in dilute aqucous solution suggests that an event preceding



membranc fusion might be chain extention (pleating) of the N-
terminal domain on the glycoprotein surface of the endosomal
membrane. It is also rcasonable to supposc that membrane
fusion itself is triggered by i subscquent pH-dependent f-to-
a conformational transition of the region, which is initiated
by the overall pH-dcpendent conformational change of
hemagglutinin trimers. This assumption is supported by pre-
vious findings providing evidence for the correlation of helix
formation with fusogenicity [5].

The conformational mobility of peptides comprising the
intersubunit region of hemagglutinin may be of importance
also in immune recognition as it represents the most conserva-
tive amino acid sequence [20, 21). The functionally essential
posttranslational modification of this region occurs late in
the secretory pathway [22, 23], and is mediated by host-cell
proteases. The event triggers membrane fusion but also influ-
ences enzymic degradation and antigenic processing [24, 2

According to its sequence, the C-terminal half of IP (which
comprises FP3) may adopt an a-helix with some amphipathic
character (repeating occurrence of glycine residues). FP3 is
terminated by a Rothbard motif. Thus. this peptide fuifills
both the criteria suggested by Berzofsky and Rothbard for
potential T-cell epitopes [26, 27]. Notably, no typical
Rothbard motif is contained in the N-terminal part of IP
{represented by HA1C-Arg and HA1C).

Results of immunological studies on peptides covering the
intersubunit area demonstrate that this region of hem-
agglutinin can be the target of both B-cell and T-cell recog-
nition. A neutralizing monoclonal antibody inhibiting the
membrans fusion event could be isolated from the spleen
of an infiuenza virus infected Balbjc mouse. This antibody
recognizes the intersubunit peptides IP and [DArgi3]IP. but
does not react with any of the subunit peptides (Kurucz et al..
Rajnavoigyi et al.. unpublished results). IP in addition carries
T-cell epitopes. available also in HA1C and FP3. The T-cell
recognition 1n the context of major histocompatability class
Il molecules of d haplotype, however, is influenced by the
presence of Arg329 (situated in the center of IP).

According to our comparative spectroscopic approach.
both halves of the intersubunit peptide (represented by HA1C.
HAI1C-Arg and FP1. FP3) are capable of adopting multiple
conformations and that different conformations may prevail
iepending on environmental conditions (nature of soivent.
buffer. presence of lipids, pH. etc). It is therefore very likely
that the interaction with major histocompatability structures
piayvs an important role in stabilizing peptide conformations
suitable ror T-cell recognition. 1n contrast. antibody recog-
nition requires a more defined conformation adopted by the
hemaggiutinin molecule and maintained in 1P. Based on the
circular dichroism and FT-IR evidence discussed earlier. 1P
and also [pArg13]IP adopt a f-sheet conformation in agqueous
solution containing octyl-fi-np-glucoside micelles. This finding.
in correlation with the high fi-turn propensity of the central
Arg-containing segment. may suggest a fi-sheet structure as
4 common organization essential for monoclonal anubody
recognition.

This work was supported. in part. by grants OTKA 231010 E.R.).
OTKA 1591 (10 M.H.) and DMB-900700355 of the National Science
Foundation. USA (1o G.D.F.). Issued as NRCC No. 32851,
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ABSTRACT

The muliiple antigenic pepride (MAP)
method was applied 1o improve the immu-
nogeniciry of svnthetic pepiides represeni-
ing distinci regions of the influenza virus
hemaggelutinin (HA). A terrameric MAP
with mudtiply incorporated overlapping B-
and T-cell epitopes was combined with a
particular HA sequence representing the
slightlv modified fusion peptide on the C-
terminus of the Lyvs core (MAP-1). As a re-
sult-of repeated injections of BALB/c mice
with MAP-1 bt not with the monomeric
HAIC[Arg] pepride. the appearance of
MAP-1-specific antibodies  crossreactive
with the acid-pretreated virus could be ob-
served. In viwro swdies revealed the po-
teney of the MAP-1 siructure to induce
proliferation  of HAICIArg -primed  T-
cells. and in vivo studies demonstrared the
protective featire of the immune response

elicited by MAP-1 and 10 a lesser extent
by the monomeric HAIC[Arg]. The in-

" creased level of MAP-1-specific antibodies

upon viral challenge shows the activation
of MAP-]-specific B- and/or T-cells.
The advaniage of the previously veri-

fied FP3 helper T-cell epitope included in

MAP-1 was further utilized 10 svnthesize
chimeric structures comprising short frag-
menis of the L (MAP-2) or & (MAP-3)
subunits of the T-cell antigen receptor
(TCR) complex. The selecied pepiides of
the C- and &-chain regions failed to elicit
an antibodv response in BALB/c mice as
terra- or octamers, but the inclusion of the
modified fusion region resulted in an im-
munogenic consiruction. The chimeric
MAP-2 and MAP-3 were successfully used
1o develop polvclonal and monoclonal an-
ribodies recognizing the corresponding
multimeric pepiides. but they were unable
10 bind 10 the cell membrane-expressed

form of the subunits.

The MAP constructions thar were de-
signed. including appropriaely selected
B- and helper T-cell epitopes. were proven
10 be immunogenic: bur the crossreactivire
of the induced antibodies with the corre-
sponding narive proteins was highly de-
pendent on the individual characteristics
of the resultant combinations.

INTRODUCTION

The MAP method was successfully
used to increase the immunogenicity of
various peptide fragments of different
proteins (10,17.32.37.40.42). The most
promising approaches were aimed at

the enhancement of the protective im
mune response against distinct patho:
gens such as the major immunogenic
region of the foot-and- mouth diseast
virus (FMDV) (20), the cicumsporo-
zoite antigen of malaria (14.30.38,39)
hepauus (39), Schistosoma manson
(7) or the V3 loop of the human immu-
nodeficiency virus (Levi et al, 22th Eur
Pept. Symp. 1992, A413). This method
offers attractive advantages: a) the mo-
lar ratio of the peptide epitope to the
core molecule is high; b) this kind of
structure provides enhanced reproduci-
bility as compared to the previously
used peptide-protein carrier conju-
gates: c) there is no camier-mediated
epitope competition because of the low
immunogenicity of the core region.
The effect of copy number was
systematically studied with FMDV-

‘derived peptides (20), and tetramers

were demonstrated as efficient as oc-
tamers. Immunization with NAP in
most cases requires adjuvants: how-
ever. the widely used but highly toxic
Freund’s adjuvant can be substituted by
other approaches such as AI(OH);. the
only adjuvant licensed for human ap-
plicadon (20). or by the involvement of
lipopeptides (13.21.24) or other recent
immunopotentiators used for viral sub-
units (13.36).

Recent improvements to this tech-
nologv (40). including pepude vac-
cines containing different incorporated
adjuvants  (12.13.21.24), opened up
wide possibilities for eliciting an effi-
cient memory response involving not
only 1gG-type antibodies. but also
helper and cvtotoxic T-lymphocytes
(15.36) reactive with both the vaccine
and the pathogen. A critical considera-
tion in the development of peptide-
based subunit vaccines is the inclusion
of one or more potent T-cell epitopes to
promote the generation of appropriate
T-cell help and long-lasting memory
(27.50). The limitation of this alterna-
tive lies in the critical orientation of the
T- and B-cell epitopes included in the
immunogen (27.38). If B-epitopes are
linked to T-epitopes.in the appropriate
position. the immunogeniciy can be
improved. However, the T-cell-depen-
dent immune response is resuicted by
the polymorphic major histocompati-
bility gene complex (MHC). Therefore,
a valuable vaceine that is immunogenic
in all members of an outbred popula-
tion requires more than one T-cell epi-
tope. The MAP approach was estab-
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lished to also overcome the genetic re-
striction mediated by MHC (14.31).
The first approach in the present
study was aimed at increasing the im-
munogenicity of a previously identified
overlapping T/B-epitope of influenza
virus (A/PR/8/34: HINI) hemagglu-
tinin (HA) (22.33). For these studies,
an elongated analog of the HA fusion
peptide, characterized by a highly hy-
drophobic conserved sequence (6.22,
33), was grafted by four tridecapep-
tides comprising the C-terminal 317-
329 amino acids of the HAI subunit
(HAIC[Arz): see Figure I, MAP-1).
The idea to combine these peptides was
based on previously published results
demonstrating that the C-terminus of
the HA | subunit encompasses multipie
T- and B-cell epitopes (10.35). and that
the fusion peptide is also recognized by
virus-specific antibodies (6). In our
previous studies it was shown that the
HAIC[Arg] region and the Arg ex-
tended fusion peptide FP3 are efficient
in inducing a proliferating T-cell re-
sponse {33 and E. Rajnavolgyi. unpub-
lished observauon). Additionally. the
HAIC[Arg] region is immunogenic
and can be recognized by anti-peptide
or anti-influenza monoclonal anubod-
1es only if it is linked to the fusion pep-
tide (References 22 and 33. and Z.
Nagy et al.. unpublished observauon).
The activauon of T-lvmphocyies.
including the T-helper subpopulation.
occurs when they are triggered via the
T-cell antigen receptor (TCR) com-
plex. The TCR complex consists of the
idiotypic a- and P-chains noncova-
lently associated with the y-. 8- and €-
polypeptides of the CD3 complex. and
additionally with the {- and n-chains
(23). The a- and B-heterodimers are re-
sponsible for the specific recogniton
and binding of the antigen. while the
CD3 complex, as well as the - and 7}
chains, participates in signal transduc-
tion generated by antigen binding. Al-
though a number of studies strongly
indicate the participation of the CD3 &-
and {-chains in signal transduction
(23), the roles of the other polypeptides
associated with the TCR have not been
revealed so far. Monoclonal antibodies
are powerful tools used for studying
cell-surface receptors or their subunit
function. The production of antibodies
against cell-surface receptors encoun-
ters several difficulties. Isolation or pu-
rification of the membrane-bound pro-
teins are Jaborious, if not impossible—

the antibodies generated against the
whole cells. membrane fractions or
even the enriched receptor react with a
number of uncharacterized epitopes.
The close homology of the TCR-
related subunits in different species
raises further difficulties (47). As the
MAP approach was successtully util-
ized to obtain monoclonal antibodies to
the TCR o- and B-chains (32), we ap-
plied this method in the development
of monoclonal antibodies to the N-ter-
minal extracellular part of the human
TCR 8- and {-subunits.

In the second part of this study, we
synthesized the octameric MAP of the
N-terminal extracellular region of the
human {-chain identical to its murine
counterpart. To overcome the ineffi-
ciency of this construction to elicit an-
tibodies in BALB/c mice. the tetra-
meric MAP of these peptidés was
grafted to the influenza-derived FP3
peptide (Figure 1), introduced as a T-
cell epitope and as a hydrophobic re-
gion previously shown to support the
conformational stability of N-terminal
peptide conformation (22). In the
MAP-2 and MAP-3 constructions. the
orientation of the 8- and {-chain pep-
tides was identical to that of the
HA1C[Arg] B-cell epitope (Figure 1).

The two approaches applied in this
study provided valuable information on
the applicability and limitations of the
MAP system.

MATERIALS AND METHODS

Chemicals

Dichloromethane (DCM). dimethyl-
formamide (DMF), diisopropy lethyl-
amine (DIEA), methanol (MeOH), tri-
fluoroacetc acid (TFA) and HPLC-grade
acetonitrile (AcN) were purchased
from E. Merck (Dammstadt. Germany)
and were used without further purifica-
tion. Fluka (Buchs, Switzerland) sup-
plied punss-grade dicyclohexylcar-
bodiimide (DCC). Protected amino
acid derivatives were from Bachem
(Torrance, CA). 1-Hydroxy-benzotna-
zole (HOBU), p-cresol and dimethyl
sulphide were purchased from Aldrich
(Steinheim, Germany). Hydrogen fluo-
ride (HF) was obtained from UCAR
(Olen, Belgium).

Peptide Synthesis
" The branched peptide antigens were

* synthesized by a solid-phase technique,

utilizing ‘Boc chemistry (29). Side~chair
protecting groups were as follows
Arg(Tos). Asp(OcHex), Cys(Meb)
Thr(BzD). Lys(2C1Z), Glu(OcHex)
Tyr(2BrZ) and Ser(Bzl). The peptide
chains were elongated on MBHA resir
(0.8 mmol/g) and the syntheses wert
carried out manually. Couplings were
performed with DCC, with the excep-
tion of Asn. Gln and Arg, which were
incorporated as their HOBt esters.
Amino acid incorporation was moni-
tored with the ninhydrn test (25). In
the event of incomplete coupling. this
step was repeated. but DCM was sub-
stituted by DMF. The completed pep-
tide resins were treated with liquid
HF/dimethy! sulphide/p-cresol (88:6:4,
vol/vol), at 0°C for 1 h. HF was re-
moved and the resulting free peptides

. were solubilized in 10% aqueaus acetic

acid, filtered and lyophilized.

Peptide Purification and
Characterization

The crude peptides were punfied by
reverse-phase HPLC (RP-HPLCQ), us-
ing an Astec 300 C4 5-p column (8 x
250 mm). The HPLC apparatus was
produced by Knauer (Berlin. Ger-
many). The solvent system used was as
follows: 0.1 TFA in water. 0.1¢c TFA
+ 80% AcN in water: gradient: 0% —
90% B in 1.5 h; flow 1.5 ml/min. The
appropriate fractions were pooled and
lyophilized. Purity was checked by RP-
HPLC, isoelectrofocusing and SDS
polyacrvlamide gel electrophoresis
(PAGE). The analytical HPLC investi-
gations were made on a Vvdac -C4
column (4 X 250 mm, 214TP54: The
Separations Group, Hesperia. CA), at a
flow rate of 0.8 mi/min. with detection
at 220 nm: the solvent system used was
as follows: A: 0.1% TFA in water, B:
0.1% TFA + 80% AcN in water; gradi-
ent: 0% — 90% B in 20 min. Two-
dimensional electrophoresis. with
isoelectnc focusing vs. SDS PAGE,
was carried out by using Servalyt Ag 2-
11 (Serva, Heidelberg. Germany) in the
first dimension and 15% SDS PAGE as
the second dimension.

Mass Spectrometry

The FAB-MS expeniments concern-
ing the MAP-1 were performed with a
VG ZAB-2SEQ hybrid tandem mass
spectrometer, equipped with an LSIMS
source (Cs* ion gun used at 30 keV).
The tryptic digestion. was carried out
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“on tip.” The matrix-assisted laser
desorption ionization measurements
were carmied out with MALDI 11
equipment (Kratos, Manchester, UK)
in linear mode.

Immunological Methods
a) Induction of anti-MAP-1 antibodies

BALB/c mice (Institute of Oncol-
ogy, Budapest. Hungary) were immu-
nized with 100 pg MAP-1 (see Figure
1) or with the tridecamer free
HA1C[Arg] or FP3 HA pepudes emul-
sified in complete Freund's adjuvant
(CFA) (Sigma Chemical. Deisenhofen,
Germany) by s.c. injection into the
hind footpads and the base of the tail.
Eight weeks later. the mice were chal-
lenged with the same amount of pep-
tide emulsified in incomplete Freund’s
adjuvant (IFA) (Sigma). Blood samples
were taken 14 days after the last anti-
gen challenge. Both pooled and indi-
vidual sera were studied.

b) Induction of anti-MAP-2 and
anti-MAP-3 antibodies

BALB/c mice were injected with
100 png antigen into the footpads with
CFA. The injections were repeated
twice in monthly periods: first subcu-
taneously with IFA and finally in-
traperitoneally in phosphate-buffered
saline (PBS). The spleen cells of the
immune mice were removed and hy-
bridized with SP2O munne myeloma
cells according to K&hler and Milstein
(26). For the production of ascitic fluid
in mice, 106 hybridoma cells were in-
jected intraperitoneally into BALB/c
mice and ascitic fluid was harvested af-
ter 2-3 weeks.

After hybrid selection of anti-C and
anti-& fusion products, 126 and 89
growing colonies. respectively, were
obtained, of which 12 and 4. respec-
tively, produced monoclonal antibod-
ies (MAD), detected by EIA. One of the
colonies maintaining the high MAb-
producing capacity to § or & was sub-

MAP-1
VTGLRNIPSIQSR\

VTGLRNIPSIQSR/

HAIC[Arg]

MAP-2

CD3¢ 21-37

MAP-3

CD35 1-16

K
VTGLRNIPSIQSR/ \
VTGLRNIPSIQSR~_ /

AQSFGLLDPKLCYLLDG~__

AQSFGLLDPKLCYLLDG” K\

AQSFGLLDPKLCYLLDG
<

AQSFGLLDPKLCYLLDG

FKIPIEELEDRVFVNC~__
FKIPIEELEDRVEVNC—"

FKIPIEELEDRVFVNC~__ /
FKIP]EF_LEDRVFVNC/

K——RGLFGAIAGFIEGR

FP3
(fusion pepude)

K—RGLFGAIAGFIEGR

FP3
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FP3

—
anure 1. Structure of the synthesized chimeric *muiltiple antigenic pepndes‘(\.tm“ Kux
2
7 «7
‘\

Qr

cloned by the limiting dilution metho
and further characterized.

Protection experiments

Eight- t0 ten-week-old male BALB/
mice were preimmunized with s.c. in
jections of 100 pg MAP-1 or th
HAIC[Arg]) or FP3 peptides as dc
scribed above. Five weeks after th:
second antigen challenge, preimmu
nized mice were aeroso! infected with :
5 LDsq dose of the mouse pathogenic
A/PR/8/34 influenza virus. Virus dilu-
tion corresponding to 50% mortality
was determined for each batch of virus
in a preliminary survival experiment
using different dilutions of the virus for
infection. Experimental groups con-
sisted of 5-10 arumals. Control mice
were treated as described above. but
using .PBS emiulsified in CFA or IFA
without the peptides. The number of
survivors was given as a percentage of
the total number in the groups and was
determined daily postinfection.

Antibody detection and quantitation

a) The detection and quantitation of
anti-MAP-1 or A/PR/8/34 influenza vi-
rus-specific serum antibodies were per-
formed by solid-phase enzyme immu-
noassay (EIA) using different peptides
(10 pg/mli) or punfied virus (20 HAU/
ml) coated to the solid phase of Max-
isorp (NUNC, Roskindale. Denmark})
or polvvinyl-chloride (PVC) (Enzy-
Plate: Propilen G.M., Pécs. Hungary)
plates. respectively. Acidic pretreat-
ment of the virus was performed in a
0.1-M acetate buffer pH = 3.0 for 20
min at RT. Overcoating and antibody
dilutions were done with PBS contain-
ing 1% bovine serum albumin (BSA)
and 2% fetal calf serum (FCS). Excess
of reagents was washed out three times
with PBS and finally with PBS con-
taining 0.05% Tween 20 (SERVA.
Heidelberg, Germany). Bound antibod-
ies were detected with horseradish per-
oxidase-labeled anti-mouse IgG as a
developing second antibody (Sigma -
Chemical). Ortho-phenylene-diamine
(OPD) was used as a substrate (Sigma
Chemical). The relative level of poly-
clonal anubodies was determined by ti-
tration of immune sera taken at differ-
ent points of time after the antigen
chullenge and characterized by the
OD,y> values comresponding to a de-
fined serum dilution.

b) Monoclonal antibodies against
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MAP-2 and MAP-3 were tested by
EIA. Ninetv-six-well microplates were
coated with 10 pg/ml antigen overmight
at 4°C. Atter washing the wells with
PBS containing 0.05% Tween 20, hy-
bridoma supernatants were added for
1 h at 37°C. Finally, horse radish per-
oxidase conjugated rabbit-unti mouse
Ig (DAKOPATTS. Glostrup. Denmark)
- was used as a'second antibody. The re-
action was developed by OPD and
H>0O, as substrates and measured at
495-nm wavelength on a Titertek Multi-
scan ELISA Reader (EFLLAB QY. Hel-
sinki, Finland). Polyclonal antisera and
ascitic fluids were tested at different di-
lutions starting from a dilution of 1:100
to reduce nonspecific binding to the
antigen. Hybridoma supematants were
used undiluted. since these reagents
contained low concentrations of spe-
cific antibody (5-10 pg/mi). '

Immunoflworescence and immunoblor

For immunofluorescence analysis.
cells were stained with MAb in the op-
timal dilution (1:100 for ascites and un-
diluted for hybridoma cuiture super-
natant), and tluorescein isothiocyanate
(FITC)-labeled goat anu-mouse Ig
(Sigma Chemical) was diluted 1:100
and analvzed on a FACSuar IV instru-
ment (Becton-Dickinson Immunocy-
tometry Svstems. Mountain View, CA)
for fluorescence intensity using a linear
amplifier. Immunoblot analyses were
carried out as described by Towbin et
al. (43)

T-cell proliferation assay

The T-cell proliferation assay was
performed by the standard method of
Corradin et al. (11), using T-cell-
enriched lymph node cells. Bcell de-
pletion was performed by panning on
anti-mouse Ig (prepared in our labora-
tory)-coated Petri dishes. Brefly, 4 x
10° T-cells were incubated together

'_...'aé';F.izf }: -8 -".:.'1,?._?": . ‘:.:’,' kDa N

ARSI - v y——— ae. ST —45—
T T .

—24_

-18.4—

with 2 x 105 iradiated normal BALB/c

spleen cells as antigen-presenting cells
(APC) in the presence of different con-
centrauons of the peptides. The reuc-
tiviey of the T-cells with intluenza vi-
rus was detected in the presence of
APC preinfected with 100 HAU/ml
A/PR/S/34 (4 h. 37°C). The APC were
washed twice with glucose-containing
PBS. irradiated and used as described
above. Proliferation was detected by
3H-thvmidine (1 puCi. 3.7 kBg/well)
incorporation added in the last ten
hours of the 4-day culture.

RESULTS

Svnthesis and Purification of the
Branched Multiple Antigenic
Peptides :

As specific immune reactions can
be mediated by low concentrations of
peptides. particular emphasis was put
on the purity. homogeneity and compo-
sitional studies of the synthetic pep-
tides. The MAPs were synthesized
using solid-phase peptide synthesis
with Boc methodology. After removing
the protecting groups, the solubilized
branched peptides were purified by re-

verse-phase HPLC without any .diffi
culties. The resulting purificd peptide:
were characterized by two-dimensiona
SDS gel electrophoresis (Figure 2) anc
analytical HPLC (Figure 3). Sinc
amino acid analysis 1s almost useless i
the case of MAPs, we tried to charac
terize the MAP-1 by mass spectrometry
The Fab MS wasn't able to determine
the molecular 1on. The smaller trag-
ments became observable only after
tryptic digestion (on probe tip). and the
peaks identified were as follows:
1307.7 (GLFGAIAGFIEGR. calc
1307.51): 914.6 (NIPSIQSR. calc
914.03); 545.6 (VTGLR. calc 5H.65):
1440.7 (VTGLRNIPSIQSR. «calc
1440.66). The Fab MS technique per-
mitted the entire sequence assignment
of the branched peptide. with the ex-
ception of the branched lysine core.
The new matrix-assisted laser desorp-
tion ionization mass spectrometry
proved to be applicable for determining
the molecular ion (Figure 4); however.
the accuracy of the method is only
0.5%-0.1Se—therefore, alone. it is not
applicable for proving the chemical
structure. The synthesis and charac-
terization of the control peptides
(HAIC[Arg] and FP3) is published
elsewhere (22).
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Figure 2. 2D PAGE of MAP-1 structure.

Figure 3. RP-HPLC of purified MAP-1
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Table 1. Protection of BALB/c Mice Against a Lethal Dose of A/PR/8/34 Influenza Virus Infection
by MAP-1and HAIC[Arg]

Percent of Survivors?

Peptide Used for

Preimmunization Control? HA1C[Arg] MAP-1
Experiment 1 (n = 5) 0 40 60
Experiment 2 (n = 5) 0 20 60
Experiment 3¢ (n = 10) 0 0 22

3Data registered on day 16 postinfection are documented. Control mice died on
day 8~9 in experiments 1 and 2 and on day 7—8 in experiment 3 postinfection.

BControl mice were treated as other groups using PBS emulsified in CFA instead

of the peptides.
In experiment 3, a new batch of the mouse pathogenic A/PR/8/34 influenza vi-

rus was used.

n = Mice included in experiment groups.

weak binding to the infective A/PR/8/
34 influenza virus coated to the solid
phase, but their binding could be
enhanced significantly by acidic pre-
treatment of the virus (Figure 3A.
PR8pHS). As shown in Figure 5B. no
HAIC[Arg]-. FP3- or MAP-1-specific
antibodies could be detected after
HAIC[Arg] immunization. The high
level of influenza virus-specific anti-
bodies. detected only after viral chal-
lenge (Figure 5B. dark columns). cor-
responds to antibodies raised against
other epitopes of the virus.

Characteristics of Immune
Response Elicited by MAP-1
Comprising Influenza Virus HA
Peptides

As summanzed in Figure 5A (dot-
ted columns), repeated injections of
MAP resulted in the production of IgG-
tvpe antibodies recognizing the MAP-1
structure. but the antibodies were inac-
tive and did not bind to the subunit
peptides HAIC[Arg] or the Arz ex-
tended fusion peptide FP3 (see Figure
1). MAP-1-specific anuibodies showed

. T-Cell Recognition of the MAP-1

Structure

Immunization with the HA1C[Ar:
peptide induces a proliferative T-cc
response that recognizes virus-infectc
APC and is fully crossreactive with th
MAP-1 structure (Figure 6). These r¢
sults show that the processing and pre:
entation of HA1C[Arg], MAP-1 or th
infective virus result in a common ep’
tope recognized by HAIC[Arg;
pamed T-cells. In this assay, MAP wa
even more efficient than the same con
cenmation of HAIC[Arg] used sub
sequently (Figure 6). In molar terms
the monomeric HAIC[Arg] contain
four times as many copies as the tetra
meric MAP-1; but. in the case of iden
tical ug/ml concentrations. the amoun
of the presumably processed HAIC[Arg
peptide in the in virro culwres or in pre
immunized mice i1s about 20% less i1
case of MAP-1. taking into considera
tion the molar masses (FP3 = 1693
HAIC[Arg] = 1481 of HAIC[Arg
and FP3 .

Protection Induced by the MAP-1
Structure

Twenty-two to sixty percent o
MAP-1-preimmunized BALB/c mict
acquired complete protection against :

Run: 00010006 23 Feb 93 17:15 +Lin Hi Pwr 57 P3+4°P4 washed
el 100% =5 mV {sum= 518 mV| Sample 14 Shots 102-200 :Processed

70 -

817

rEAT AT M_‘\.__’LW!!
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Figure 4. Matrix-assisted laser desorption ionization spectra of MAP-1 structure.

276 Peptide Research

Vol. 6. No. 5 (199))




. cence

lethal dose of intluenza virus as com-
pared to the HAIC[Arz] or control
PBS-pretreated mice (Table 1), As
summanzed in Figure 3B (dark col-
umns ), as a result of viral challenge an
elevated level of MAP-1-specific [¢G-
tvpe antibodies could be detected in the
serum of the survivors two weeks
postintection. The lack ot MAP-1- or
HAIC[Arg]-specific  antibodies  in
HAIC[Arg] preimmunized and sub-
sequently infected mice demonstrates
that the virus infection itself does not
result in the production of MAP-1-spe-
citic antibodies (Figure 3B. dark col-
umns). The level of total virus-specific
antibodies detected in MAP-1- or
HAIC[Arg)-pretreated imice was sig-
nificantly higher than that in conuol
mice (data not shown).

Characterization of Antibodies
Produced Against the (- and
5-Chains of Human TCR Compiex

Monoclonal antibodies were raised
against the peptide antigens denived from
the TCR - and &-chains. respectively
(see Figure 1). Table 2. A and B. shows
the results obtained by EIA. The con-
ventional anuserum or the monoclonal
antibodies were highly reactive with
the corresponding &- or &-peptide trag-
ments. Higher than 50¢ inhibition was
achieved when {-peptide was used as
competitor (Figure 7). This experiment
proved the peptide specificity of the
antiserum raised against the C-peptide.
In contrast. indirect immunofluores-
or immunoblotting analysis
showed that the antipeptide antibodies
did not recognize the native {-chain
(data not shown). The &-peptide anti-
bodies were also tested for reaction
with the natve d-chain and gave simi-
lar results to the {-chain.

DISCUSSION

The recent improvements in peptide
chemistry have made feasible the syn-
thesis of large polypeptides or small
proteins. However, the purification and
structure and purity verification remain
problematic. The originally described
MAP system (37), consisting of at least
8 epitopic peptides, can easily lead to a
molecule with a molecular mass higher
than 10~15 kDa. After purification by

-means of the conventional techniques
(RP-HPLC, size-exclusion chromatog-

Table 2. Characterization by EIA of Mouse Antibodies Raised Apainst TCR C- und 8-Peptides

A: 0D495,,,,~OD495 2
Dilution of the Mouse Anti-g Monoclonal Anti-d
Antisera Serum® Ascitic Fluid
1:100 2.031 >2
1:300 1.678 >2
1:1000 0.557 0.815
B: OD495,,0,e~0D495 1o

Monoclonal Anti-{
Hybridoma Supernatant

1.185

Materials and Methods.

Monoclonal Anti-&
Hybridoma Supernatant

1.436(1)
0.960(2)

30D495 value given by preimmune serum at the proper dilution.

®Mouse anti- serum was obtained from mice as a test blood prior to using the
spleen for hybridoma production. Ascites fluid was produced as described in

¢0D495 value given by PBS-Tween 20 used as a control. Hybridoma super-
natants were harvested from the ceils producing monoclonal antibodies.

(1) and (2) show the results obtained with supernatants of two independent hybri-
doma clones producing anti-{ and anti-d MADb.

raphyv and ion-exchange). we can es-
tablish by HPLC and gel electrophore-
sis that the resulting purified material is
homogeneous. that it has the correct
amino acid composition. and that the
sequencing resulted in the expected

whether the actual purty is 80% o
90%. The separation power of the con-
ventional purification techniques is no
sufficient to investigate the actual ho-
mogeneity of the products. Only mas:
spectroscopy seems applicable for ac:

structure; but we cannot be sure  quiring information conceming the
A B .

T betore int Towore .

W attec ing. B ot

oD 453
ER]

184 f

0,,,_5.
REEE
; B

Figure 5. Relative levels of MAP-1- and HA 1C{Arg]-induced serum antibodies. BALB/c mice were
immunized with MAP-1 (A)or HA1C[Arg] (B),and the relative levels of serum antibodies were measured
by EIA, using immune sera taken 14 days after the peptide boost or viral challenge. ODagz values (mean
value of duplicates obtained for individual sera + SEM) correspond to 103 serum dilutions detected with
the solid-phase attached peptides HA1C[Arg), FP3, MAP-1| or with infective (PR8) or acid-pretreated
(PR8 pHS) A/PR/8/34 influenza viruses. The number of pretreated mice was 3, the number of MAP
preimmunized survivors was 6, and the number of HA IC(Arg| preimmunized survivors was 2.
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quality and the side-products formed
during the synthesis. If the number of
epitopic peptides is decreased to 4-5,
the efficiency and qualitative parame-
ters of the synthesis can be increased
dramatically.

RP-HPLC may be efficient enough
to separate the resulting products and
side-products, and, if so, verification
of the structure and purity by means of
mass spectrometry would be much eas-
ier. For example, Figure 4 shows the
matrix-assisted laser desorption MS of
MAP-1. The calculated mass differs
slightly from the measured one; since
the -accuracy of the MALDI spectro-
photometer in linear mode is only
0.19%0-0.5%. the measured mass can
correspond to the expected molecular
mass. The small peaks below the mo-
lecular ion can correspond to possible
side-products. The more accurate Fab-
MS proved to be useless for determin-
ing the molacular ion. but after enzymic
digestion with trypsin. all the possible
fragments were detected—so this
method verified the structure.

Influenza virus was one of the first
subjects of the subunit vaccinauon ap-
proach, and epitopes of different pro-
teins of the virus were applied 1o elicit

cpmx 1000

120
100 ~
80 -

!

60 - —_—

i i

iy

40 - !

o

{

20- !

i
0
contol HAIC{A) MAP-1 PRS virus

Figure 6. Proliferation of HA1ClArg)-induced
T-cells in presence of HALC|Arg], MAP-1 or
virus preinfected APC. T-cell-enriched Ivmph
node cells of HAIC|Arg)-primed BALB mice
were  stimulated v vuro with 200 pg/ml
HAIC|Arg] peptide (nising 1o right). NMAP-]
wark columm or APC preinfected with 100
HAU/mMI A/PRsS/34 influenza virus, Empty col-
umns comrespond o comrol cuhtures invubated
without peptides or the virus. Mean values of cpm
+ SEM of triplicate cultares obtained in a typical
expenment are documented.

antibodies or T-cells (4). The rationale
behind our approach was to combine
T- and B-cell epitopes previously iden-
tified in the intersubunit region in the
HA molecule (22,33). The MAP-1
structure investigated in this study ac-
tually mimics the natural sequence of
HA present in its uncleaved form in
non-infective virions, generated as a
result of non-productive infection (16).
MAP-1 encompasses two T-cell epi-
topes (the HA1C[Arg]} sequence and
the modified fusion peptide (FP3)) in
such a way that the overlapping B-cell
epitope, localized also in the
HAIC[Arg] region, might be able to
adopt its appropriate conformation
(22). Previous results indicated that the
presence of the highly ordered fusion
peptide (22.48) is beneficial in stabiliz-
ing the overall structure of the less or-
dered HA1C[Arg] and promotes anti-
body recognition (33, Z. Nagy et al.
unpublished observation). These re-
sults, together with the data proving the
T-cell-activating capacity of FP3. mo-
tivated us to include this peptide in
MAP-2 and MAP-3 in order to enhance
the immunogenicity of the nonimmu-
nogenic - and 8-chain peptides.

The introduction of an RKKR motif
between the two HA epitopes in MAP-
1 was designed to provide a sensitive
enzy me-susceptibility site. also present

0.8 —

0.6 —

0.5 —

0oD495

0.3 —

0.0

Figure 7. Specificity test of mouse anti-C-pep-
tide serum. The plate was coated with 10 pg/ml
of MAP-2 overnight at 4°C. It was then washed
and left o react with the mouse anti-MAP-2 se-
rum (110000 dilunon) in the presence (B) or
absence (A) of the 22-32 fragment of the C-chain
(QSFGLLDPKLC. 10 pg/mh as a competitor for
1 hat 37°C. The assay was completed as described
in Maerials and Methods.

in natural sequences of highly patho
genic avian influenza virus strains (45)
This sequence can promote the appro
priate processing of MAP-1 by trypsin
like enzymes of antigen-presenting
cells favoring elaboration of the T-cel
epitope previously localized in the
HAIC[Arg] region. Our present re-
sults, showing the cross-reactivity of
HAI1C[Arg], MAP-1 and the infective
virus in a T-cell proliferation assay
(Figure 6), support this possibility.
However, it cannot be ruled out thai
MAP-1 binds to MHC II molecules as
a multivalent ligand, therefore increas-
ing the otherwise low affinity of the
linear HA1C[Arg] peptide. Neverthe-
less. the increased activity of MAP-1 in
this assay points to the possible role of
enhanced helper T-cell activation in

- mediating protection of MAP-1-preim-

munized mice (Table 1).

Protection against a lethal dose of
pathogenic influenza virus was at-
tempted by different approaches in-
cluding the passive adminismation of
antibodies (22): the induction of neu-
tralizing antibodies. helper or cyvtotoxic
T-cells by viral proteins (1.19.24); or
by svnthetic peptides (2.3.15.35). Data
obtained with CD8+ T-cell-depleted
mice revealed that the antibody re-
sponse has a major role in mediating
protection against influenza virus in-
fection (18). Passive administration of
IgA-type. but not 1gG-type. antibodies
was demonstrated to confer complete
protection (34). In the case of svnthetic
peptides. the critical point was to elicit
T-cells or antibodies crossreactive with
the virus and also neutralizing it (3.5).

The data summanzed in Figure 5
demonstrate that the MAP-1 structure
is immunogenic and is able to induce
leG-tvpe. MAP-I1-specific antibodies
crossreactive with the acid-pretreated
virus. It is well established that the C-
terminus of the HAI subunit of influ-
enza virus hemagglutinin, comprised in
the HAI1C|Arz] peptide. is buried in
the mature. cleaved form of the HA
molecule (49). but it can be exposed
for antibody recognition by mild acidic
treatment (42). This type of 12G anti-
body can be detected after repecated
MAP-1 administration and at an ele-
vated level after viral challenge in all
survivors pretreated with MAP-1. In
contrust, the monomeric subunit pep-
tides HAIClArz] and FP3 were unable.
to elicit an antibody response directed
1o the corresponding peptides, to MAP-
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1 or to any form of the pretreated mice.
compared to the HAIC[Arg]-preim-
munized animals. This points to the
beneficial panicipation of the MAP-1-
specific antibody response in protec-
tion. but raises the possibility of other
mechanisims as well. As an alternative
explanation. protection induced by
MAP-1 can be mediated or suppornted
by efficient help delivered by
HAI1C{Arg] and/or FP3-specific T-
cells cross-reactive with the virus (Fig-
ure 6) (33).

The previously detailed and promis-
ing results motivated us to include in
this study the modified fusion peptide
in MAP-2 and MAP-3. comprising
oligopeptides of the £ and & TCR sub-
units. MAP-2 and MAP-3 resulted in
immunogenic structures. compared to
their subunit peptides or even to their
tetra- or octamers lacking the FP3 HA
peptide. However, polyclonal or mono-
clonal MAP-2 or MAP-3 antibodies
did not recognize the cell-membrane-
bound or nitrocellulose-attached forms
of the corresponding (- or 8-subunits.
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Epitopic peptides representing the C-terminal (HAl) region of
cleaved hemagglutinin of influenza virus from different serotypes
were synthesized. Circular dichroism and Fourier-transform
infrared spectroscopic data showed that peptides HS2 and HS3 have
a predominantly a-helical conformation in trifluoroethanol.
.Recently a component band appearing between 1640 and 1635 cm” ~ in
the amide I region of the Fourier-transform infrared spectra of
polypeptides has been correlated with strongly H-bonded fB-turns
(Ref. 8). Using this assignment, HS1 was found to contain less a-
helix but have tendency to adopt B-turn(s). Interestingly,
fragment HSZ with the highest a-helix content proved to be the
poorest T-cell epitope among serotypes HS1-HS3. = 1993 acacemic Press, Inc.

There is a growing interest 1in the understanding of the
secondary structure of small (<20 residues) epitopic peptides. It
has been reported recently that the peptide-binding site of human
class I histocompatiblity molecules recognizes 8-llmers (1).
Similarly, the antigens recognized by MHC class II-restricted T
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Table 1. Amino acid segquence and abbreviations
of the synthetic peptides from the C-terminal
region of influenza virus A hemagglutinin from
different serotypes

317 e, 329
HS1 - VTGLRNIPSIQSR
HS2 ATGLRNVPQIESR
HS3 LATGMRNVPEKQTR

cells can be mimicked by small peptides more heterogenous in
their size (2). It is well established that MHC-bound peptides
are tightly mounted in a groove in extended conformation with a
kink in the middle (3,4). Previously, prediction methods sugges-
ted amphipathic a-helices for MHC class II restricted T cell
epitopes (5).

Small size peptides are expected to adopt mult.cie
conformations in solution. Our earlier spectroscopic studies on
synthetic intersubunit fragments of influenza virus hemagglutinin
(HA) also demonstrated the presence of conformer mixtures and the
dependence of antibody recognition on conformation (6). Circular
dichroism (CD) and Fourier-transform infrared (FT-IR)
spectroscopies, contrary to NMR, have the capacity of <tine
resolving conformational changes of the peptide chain zand
therefore both techniques can be applied for the study of
conformer mixtures of peptides in solution.

This.paper reports CD and FT-IR spectroscopic measurements on
peptides (Table 1) comprising the C-terminal of the HA1l subunit
of three serotypes of human influenza A viruses. Previous data
showed that these peptides were able to elicit MHC II restricted

murine T cells cross-reactive with the virus (7).

MATERIALS AND METHODS

The peptides were synthesized by the solid phase technigue
utilizing Boc chemistry (8). Side chain protecting groups were as
follows: Tos(Arg), Bzl(Thr), OcHex(Glu) and Bzl(Ser). The peptide
chains were elongated on MBHA resin (0.6-0.8 mmol/g) and the
syntheses were carried out manually. Couplings were perforned
with dicyclohexylcarbodiimide (DCC) (with the exception of Asn.
Gln and Arg which were incorporated as their HOBt-esters) usin-
three-fold excess of Boc-amino acids. Amino acid incorporation
was monitored by ninhydrin test (9). In case of incomplete
couplings this step was repeated, but the dichloromethane (DCH)
was substituted by dimethylformamide (DMF). The completed peptide
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resins were treated with liquid HF/dimethyl sulphide;p-cresol/p-
thiocresol (86:6:4:2, vol/vol), on 0YC, 1 h. HF was removed
and the resulted free peptides were solubiliced in 10% aqueous
acetic acid, filtered and lyophilized.

The crude peptides were purified by reverse-phase HPLC
(Knauer; Berlin, Germany) using Lichrosorb RP-18 10 u column

(16 x 250 mm). The Zollowing solvent systems were used: 0.1% f~

trifluoroacetic acid (TFA) in water (A); 0.13TFa, S0%
acetonitrile (AcN) in water (B); gradient: 0%—350% B in 1.5 hcurs,
flow rate 3 ml/min. The appreopriate fractions were pooled and
lyophilized. The purity was checked by RP-HPLC (Nucleosil 5 C 18
column, solvent systems as above, gradient:

30%—60% B in 15 min, flow rate 0.8 ml/min, detection at 220 nm,
or Eurosil Bioselect 3 C 18 column, flow rate 1.5 =nal/min with
solvent systems and dJdetection as previously) and proved tc be
substantially pure (>97%).

The FAB-MS experiments were performed with a VG ZAB-2SEQ Iype
hybrid tandem mass stectrometer, equipped with an LSINMS scurce
(Cs™ ion gun used at 30 keV). The results of the MS neasurerents
were in all cases 1n ccod agreement with the calculated value.

Circular dichroism spectra were measured on a Jobin-Yvon Mark
VI dichrograph calibrated with epiandrosterone. Measurements were
carried out in 0.02 cn cells at ambient temperature. XNMR grade
trifluoroethanol (TFE} (Aldrich) and double distilled water were
used as solvents. The concentration of the samples ranged between

0.5-1 7mg/ml. Mean residue ellipticity, {(8)yr, 1s given in
deg.cm“/dmol. .
Infrared measurerments (at a resolution of 4 cm™*) wvere

performed at room temperature on a Nicolet 170SX spectrometer.
Peptide solution (c=l ng/ml) were prepared in TFE (see above).
The IR spectrum .of TFE (containing traces of water) was obtained
under identical condizions. The deformation vibrational band of
water between 1700-1500 cm™ ! was removed by substracting the
spectrun of TFE on the basis of the combination band of OH
stretching and HOH deformation at 5293 cn~l. This procedure
allowed an unambiguous comparision of the spectra in the critical
1650-1600 cn”* range. KBr cells of 0.041 cm were used. The
spectra were analyzed by a normalized, least-squares curve-
fitting program, using products of Gauss and Lorentz curves
(Holly et al., unpublished). The selection of component curves
was assisted by the Focurier self-deconvolution method of Mantsch

et al. (10).

RESULTS AND DISCUSSION

CD studies

In water the CD spectra of peptides HS1-HS3 show a strong
negative band between 195-200 nm which 1is accompanied by a
shoulder near 220 nm. In TFE peptides HS1-HS3 adopt helical CD
spectra with 1low intensity bands (Fig. 1). On addition of
increasing amounts of water, the spectra (e.g. Fig. 2) are
gradually shifted towards the spectrum measured in water. It is
the CD spectrum of peptide HS2 which shows the most expressed
helical features (Fig. 1). The intensity of the negative and the
positive bands of the nn* couplet is definitely lower in the CD

spectrum of HS1.
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Fig. 1. Circular dichroism 'spectra in TFE of epitopic
peptides HS1-HS3. (— - —) HS1; ( ) HS2; (-=-——-— ) HS3.

FT-IR spectra
Peptides HS1-HS3 are present as TFA salts because of the

purification procedure using TFA-containing eluents. The
trifluoroacetate anion is known to have an absorption band in the
amide I infrared region. In the infrared spectrum of CF,COONa in
KBr pellet the v, mode of the COO~ group appears at 1694.5 em™?
while the v, and vg vibrations of the CF; group at 1218 and 114:

~xn

27 201 Il Ry 230 4y 250 R 200
s

Fig. 2. Circular dichroism spectra of HS3 in TFE/water
mixtures. ) 100%; (==--- ) 75%; (— + —) 50% TFE.
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cm~ L, respectively. In the KBr spectra ot peptides HS1-HS3 the g
CF,y band shows up at 1135+1 cm~l, accompanied by the vag band
near 1205 cm~!. In the curve-fitted spectra of the peptides in
KBr, a component band was found between 1702 and 1699 cm'l. The |
ratio of band intensities I(~1700)/I(+-1135) in the spectra orf
peptides and I(1694.5)/I(1143) in the spectrum of CF3COONa in KBr
is practically the same (1.55+40.15). On the basis of this, the
component band near 1700 cm~! in KBr and at 1691+0.5 em™! in the
TFE spectra of peptides HS1-HS3 was assigned to the COO~ group of
the ccunterion trifluorcacetate.

As reported earlier (6), arter substracting the contribution
of trifuoroacetate, the IR spectrum of HS1 in D,0 1s dominated by
a streng pand at 1647.3 cm~1 (aperiodic conformation).

The FT-IR spectra in TFE of fragments corresponding to
serotyvres HS1-HS3 are shown in Fig. 3. All three spectra contain
a streng amide I component band between 1678-75 cm~l. This band
was assigned to the amide I mode of solvent-exposed carbonyls.

Peptides HS2 and HS3 show a strong component band, characteristic

of weakly H-bonded  a-helices, at 1661 and 1659.5 cm %,
respectively (Fig. 3b and c). In the curve-fitted IR spectrum of
HS1 (Fig. 3a), a strong component bands appears at 1663 cm"l,
above the upper limit of the a-helix (11). (A typical but weak a-
helix band is present at 1656 cm™ 1, Fig. 3a). Weak component
bands show up 1in the spectra near 1645 cm~ 1 (aperiodic

conformation) and at 1624-1623 em™1 (B-sheet). The R-sheet band
is more intensive in the spectra of HS2 and HS3. Component bands
between 1639 and 1635 cm™! are also seen in the curve-fitted
spectfa of the peptides.

Recently an infrared band at 1639 cm™! has been assigned to
the repeating 1-4 H-bond of 3;, helices (12,13). Similarly, in
the FT-IR spectra of the bridged cyclic peptides cyclo[Gly-Pro-
Xxx-Gly-NH—(CHz)n-CO] (Xxx=Gly, Ser(OtBu), Ser, Thr(OtBu); n=2,4)
a band near 1640 cm™! was assigned to the acceptor C=0 of the 14
intramolecular H-bond of type I or type II B-turns (14). It was
also shown that in TFE the "f-turn band" appears down-shifted in
the 1640-1635 cm~ ! amide region. Thus, the 'low ihtensity
component band between 1641 and 1634 em™! in the IR spectra of
HS1-HS3 (Fig. 3) may be indicative of the presence of H-bonded R~
turns.

According to secondary structure prediction, peptide HS1 tends
to adopt B-turns: the highest turn propensity is predicted for
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Fig. 3. The amide I and II spectral regions of the FT-IR
spectra in TFE of HS1l(a), HS2(b) and HS3(c). The measured and
curve-fitted (sum) spectra are shown together with the
component bands resulting from the analysis (see

Materials and Methods).

the Ile-Pro-Ser-Ile tetrapeptide (6). The reblacement of Ser for
Gln in HS2 and Glu in HS3 destroys the turn-forming Pro-Ser core
and increases the helical tendency of these peptides. The
structural information inferred from CD and FT-IR studies is in
agreement with the prediction. Both methods indicate that the
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highest amount of «-helix is present in HS2Z, but the helicity of
HS3 1is also significant. The most intensive "B-turn band" at
1657.5 cm~ ! can be seen in the curve-fitted inrfrared spectrum of
HS1 (Fig. 3a). As reflected by the weak component band at 1624-23
em™ 1, peptides HS2 and HS3 contain derfinite amount of B-sheet
conrormation in TFE solution. Based on the integrated intensities
of the a-helix and B-sheet component bands, it is peptide HS3 in
which the B-sheet content is the highest.

Wwe think that, without overinterpreting the curve-fitted FT-IR
spectra, two main conclusions can be drawn:

(1) Peptides HS2 and HS3 in TFE adopt a predominant a-helical
confornation which is broken or, more likely loosened at Pro32a:.
Minor conformer(s) or conformational regions with apericdic and
B-sheet conformation are also present. Contrary to .this, HS1
occurs as a nulticomponent mixture of conrormers even in TFE.

(2) FT-IR spectroscopic data allow the presence of f-turns in all
three peptides. Based on secondary structural prediction and the
relative intensity of the fB-turn band in the infrared spectrun,
HS1 contains at least one f-turn which 1likely enccmpasses the
Pro-Ser dipeptide.

TFE 1s known to 1induce a-helical conformation (15). The
significant differences in the FT-IR spectra (Fig. 3) clearly
indicate that HA fragments HS1-HS3 have different conformational
propensities. Interestingly HS2, showing the highest a-helix
content on the basis of both CD and FT-IR evidences, was proved
to be less potent to induce an in vivo T cell response and in
vitro T cell proliferation compared to peptides HS3 or HS1
corresponding to other serotypes (7). It is reasonable to suppoée
that in ‘a water rich environment a-helicity does not play a
determinant role in the recognition of T cell epitopic peptides

from the intersubunit region of influenza virus HA.
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For solid-phase peptide synthesis, 2,4-dimethoxv-4’ -hydroxvbenzhydrol linker was prepared via lithium boro-
hydride reduction of 2,4-dirnethoxy-4’-hydroxybenzophenone. The potassium sait of the linker was coupled
to chloromethylpolystyrene. This method proved to be better than use of the cesium salt. This new synthe-
sis gave a polymer with appropriate structure and a good degres of substitution. © Munksgaard 1993.

Key words: 2,4-dimethoxy-4°-hydroxybenzhvdrol; potassium salt coupting of phenolate; side reactions; substimtion level

The solid-phase method introduced by Merrifield is
nowadays the most significant process in peptide syn-
thesis. The result of the synthesis depends considerably
on the polymer used, especially if the Fmoc strategy is
applied. The ideal carrier remains stable during cleav-
age, and the peptide can be removed by mild acidic
treatrnent after synthesis. Simultaneously, the side-
chain protecting groups are aiso cleaved. Such poly-
mers include the 4-alkoxybenzyl alcohol resin of Wang
(1), the 3-xanthydroloxymethylpolystyrene of Sieber (2),
the 2-methoxy-4-alkoxybenzyl alcohol resin of Mergier
(3) and the 4-(2',4'-dimethoxyphenylhydroxymethyl)-
phenoxymethylpolystyrene of Rink (4).

Rink’s polymer is a promising resin. We attempted
to synthesize it by following the described method, but
two problems arose. Uncontrollable side-reactions oc-
cured, the structure of the polymer could not be deter-
mined accurately and the described substitution (4) of
the resin could not be reproduced: we obtained only
approximately 0.1 mmol/g. We tried reducing the time
of the reduction, changing the solvent, and using so-
dium borohydride or lithium aluminium hydride, but an
acceplabie level of substitution could not be attained.

“Because of these difficulties, we decided on an en-
tirely different strategy: preparing the ready linker and
coupling it to the polystyrene. Investigation of the re-
duction of 24-dimethoxy-4’-hydroxybenzophenone
showed that this reaction proceeded in 15 min instead
of the 1 h described in the literature (4). If we contin-
ued the reduction, the amount of by-products gradually
increased. (One of them is probably a diphenylmethane
denivative.) The structure of 2,4-dimethoxy-4’-
hydroxybenzhydrol was confirmed by IR and NMR

spectroscopy. The linker was coupled to the chlorom-
ethylated polystyrene via its cesium salt as described
previously. This process resulted in an acceptabie de-
gres of substitution. Later we used the potassium salt
of the phenolic hvdroxy group instead of the expensive
cesium salt; the product proved better as regards sub-
sttution.

The structure of the resin was proved via its IR spec-
trum and the degree of substitution by coupling of an
Fmoc amino acid to the polymer. We achieved a con-
venient level of substituton (0.35-0.47 mmol/g), suit-
able for the synthesis of any peptide. '

EXPERIMENTAL PROCEDURES

Melting points were taken with a PHMK apparatus
and are uncorrected. Microanalyses were carried out
with a Heraeus element analyser. IR spectra were re-
corded with a Nicolet IR 80 spectrometer, and 'H-
NMR spectra with a Bruker Aspect 3000 (400 MHz)
spectrometer. Analytcal TLC plates were purchased
from E. Merck. For TLC, the CHCli/acetone (9:1)
solvent system was used.

2,4-Dimethoxy~4' -hvdroxybenzophenone (1). A solution
of 4-hydroxybenzoic acid (69 g, 0.5 mol), resorcinol-
dimethyl ether (97 mL, 0.75 mol), zinc chloride (150 g,
1.1 mol) and phosphorus oxychloride (326 mL, 3.5 mo))
was stirred at 60-65 °C for 1.5 h. The mixture was then
poured onto ice (1.5 kg), and solid KOH was added
until the deep purple colour turned yellow. Ethyl ac-
etate (300 mL) was then added to the solution, and the
organic phase was separated, dried (Na2S04) and con-
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centrated at reduced pressure. The precipitated prod-
uct was isolated by suction and washed with diethyl
cther; yield: 92 g (71%); m.p. 134-136 “C, RF =0.53.

Anal. calc. for CisH404: C 69.76, H 5.46; found
(258.28): C 69.47, H 5.39. IR (KBr): vmax 1280, 1605,
3330cm-!'. 'H-NMR (CDCh): $=3.70 (s, 3H,
2-OCH3), 3.85 (s, 3H, 4-OCH3j), 6.52 (m, 1H, 5-H),
6.54 (d, 1H, 3-H), 6.86 (d, 2H, 3’,5'-H), 7.33 (d, 1H,
6-H), 7.72 (d, 2H, 2',6'-H). '

2.4-Dimethoxy-4’ -hydroxybenzhydrol (2JLithium boro-
hydnde (6.34 g, 291 mmol) was added in small amounts
to a solution of 1 (50.00 g, 194 mmol)in THF (800 mL).
The solution was refluxed for 15 min. After removal of
the unreacted lithjum borohydride with MeOH
(200 mL), the solvent was evaporated at reduced pres-
sure and the residue was partitioned between ethyl ac-
etate (600 mL) and H,O (300 mL). The organic layer
was dried (Na2SOa) and concentrated at reduced pres-
sure. After this procedure the product could be ob-
tained as a crystalline substance which was washed
with diethy] ether; yield 45 g (899, ); m.p. 133-135°C,
RF=0.32.

Anal. calc. for CisH104: C 65.22, H 6.19; found
(260.29): C 69.16 H 5.77. IR (KBr): vmaz 1240, 3240,
3420 cm ~'. 'H-NMR (CDCQCl3): 6=3.79 (s, 6H, 2,4-
OCHs), 4.795 (s, 1H, CHOH), 5.94 (s, 1H, CH), 6.44
(dd, 1H, 5-H), 6.46 (d, l1H, 3-H), 6.77 (d, 2H, 3’ ,5'-H),
7.06(d 1H, 6-H), 7.23 (d, 2H, 2' 6'-H).

Potassium sah of 2.4-dimethoxy-4'-hydroxvbenzhvdrol
(3). K2CO3(23.9 g, 173 mmol) in ethy] alcohol (200 mL)
was added to a suspension of 2 (45.0 g, 173 mmol). The
solvent was evaporated off at reduced pressure. The
resulting oil was taken up in diethyi ether (250 mL) and
the solution was agitated with a glass rod untl a crys-
taltine solid formed. The suspension was chilled over-
night and filtered to give 3 as a pink solid, which was
dried at 45-50°C and reduced pressure; vield 50.5g
(98%)-
IR (KBr1): vmax 1240, 3240 cm - 1.
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442’4’ -Dimethoxyphenylhydroxymethyljphenoxymethyl-
polystyrene (4). 3 (44.8 g, 150 mmol) in DMF (300 mL)
was added to a suspension of chloromethylpolystyrene
(150.0 g, 150 mmol Cl) in DMF (500 mL). The suspen-
sion was stirred at r.t. for 72 h. The resin was then
washed in turn with DMF (800 mL), MeOH (800 roL),
H,0 (800 mL), MeOH (800 mL), CH2Cl2 (800 mL)
and MeOH (800 mL), and dried; yield 156 g

A ‘mixtare of Fmoc-Ala-OH (0.31g, 1.0 mmol),
HOBt (0.14 g, 1.0 mmol), DCC (0.2 g, 1.0 mmol) and
4-dimethylaminopyridine (0.024 g, 0.2 mmol) in DMF
(5 mL) was added to 4 (0.41 g) in DMF (5mL). The
suspension was shaken at r.t. for 4 h, and the resin was
washed in turn with DMF (5 mL), MeOH (5mL) and
DMF (5mL). The coupling was repeated with half
quantities of the reagents. After removal of the Fmoc
group with 209, piperidine in DMF (5 mL) for 5 and
15 min, the degree of substitution of the resin was de-
termined by the method of Gisin (5).
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Introduction

A promising resin for the synthesis of peptides with Fmoc chemistry and free car-
boxyl at the C-terminus is 2,4-dimethoxyphenyl-4'-hydroxymethyl-phenoxymethyi-
polystyrene of Rink [1]. Previously we demonstrated the use of 2,4,2'-trimethoxy-
+4'-succinylamido-benzhydrylamine-polystyrenes for the synthesis of sensitive
peptide amides. Based on these results we wanted to design and synthesize a new
acid-labile polymer for the synthesis of peptides with free C-terminus. The most
commonly used procedure for the preparation of such carriers is the synthesis of
the ‘keton-resin’ and the subsequent reduction. We attempted to synthesize the
polymer of Rink by following the above method but we obtained low and unrepeat-
able substitution. Besides, the structure of the polymer could not be determined
accurately.

Results and Discussion

In order to prepare the polymer of Rink we first synthesized the ready linker (2,4-
dimethoxy-4'-hydroxy-benzophenone) as described in the literature [1]. Investiga-
tion of the reduction showed that it proceeded in 15 min instead of the previously
described 1 h. If we continued the reduction, .the amount of by-products gradually
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Fig. 1. The new synthesis of 2,4-dimethoxypheny!-3'-hvdroxymethyl-phenoxymethyl-polvstyrene of Rink.
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Fig. 2. The synthesis of 2,4-dimethoxy- and 2,4.2'-mmethoxy-4-succinvlamido-benzhydrol-polysivrenes.

increased. One of them is probably a diphenylmethane derivative. For the coupling
of the linker to chloromethylpolvstyrene. beside the known procedure using cesium
salt, we tried to use potassium salt of the phenolate too. This latter process resulted
in a cheaper method and better resin as regards substitution than the use of cesium
salt (Fig. 1). The structure and purity of the substances were proved via NMR, IR
spectra and elemental analyses, the substitution degree by coupling of an Fmoc
amino acid. We achieved a convenient level of substitution (0.35-0.47 mmol/g).
Based on previous experiments we designed two new, even more acid-labile, car-
riers for the synthesis of peptides with free C-terminus. These are 2,4-dimethoxy-
and 2,4,2'-trimethoxy-4'-succinvlamido-benzhydrol-polystyrenes.They were syn-
thesized in analogy of the method worked out in the case of the polymer of Rink.
The starting materials (2,4-dimethoxv- and 2,4.2'-trimethoxy-4'-acetamidobenzo-
phenone) were prepared from 2-methoxv-4-acetamido-salicylic acid and resorcinol
dimethylether. After hydrolysing of the acetyvl group the compounds were reduced
and the succinyl derivatives of the linkers were coupled then to aminomethylpoly-
styrene (Fig. 2.). The characterisanion of these new resins using model peptide
synthesis i1s in progress.
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Introduction

The activation of T lymphocytes occurs via and is regulated by a number of cell-
surface receptors, including T-cell antigen receptor (TCR) complex. These
receptors have prime importance in the immune response. However, the role of
CD3 subunits of TCR and other receptor-associated proteins (CD3 v, 9, €, J) are
still poorly understood. Monoclonal antibodies are generally used for studying cell-
surface receptor functions. Hemagglutinin, the surface givcoprotein of the influenza
virus plays an important role in the infectivity and pathogenicity of the virus. The
posttranslational enzymatic cleavage mediated by host cell proteases is necessary
for the formation of infective virus. The elucidation of the requirements for the T-
and B-cell recognition might led to important information for subunit vaccine
design. In previous experiments we have localized several T- and B-cell epitopes
in the intersubunit part of the influenza virus hemagglutinin, including a very good
T helper cell activator [1-3]. The multiple antigen peptide (MAP) method [4-7]
emerged into a widely used procedure for the production of a strong immune
response against various peptide fragments of different proteins. Our aims were the
following: : A :

(1) Raising antibodies against the extracellular part of CD38 and CD3{ subunits.
(2) To elucidate the role of hemagglutinin in the immune response.

(3) To investigate the usefulness of the *multiple antigen peptide’.

XXXXXXXX

XXXXXXXX

Lys RGLFGAIAGFIEGR

XXXXXXXX /

XXXXXXXX

XXXXXXXX = VTGLRNIPSIQSR (KA 317-329), FXIPIEELEDRVFVHC (CD3§ 1-16),
AQSFGLLOPKLCYLLDG (CD3({ 21-37)

Scheme 1. The struciure of the svathesized cinmeric ‘muliiple antigenic peptides .
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Peptide Synthesis and Purification

The peptides were synthesized by solid phase technique utilizing :-Boc chemistry
[8]. Side-chain protecting groups were as follows: Arg(Tos), Asp(OcHex), Cys-
(Meb), Thr(Bzl), Lys(2ClZ), Glu(OcHex), Tyr(2BrZ) and Ser(Bzl). The peptide
chains were elongated on MBHA resin (0.8 mmol/g) and the syntheses were carried
out manually. Couplings were performed with DCC, with the exception of Asn,
Gln and Arg which were incorporated as their HOBt esters. Amino acid incorpor-
ation was monitored by the ninhvdrin test [9]. The completed peptide resins were
treated with liquid HF/dimethylsulphide/p-cresol (88:6:4, vol/vol), on 0°C, 1 h. HF
was removed and the resulting free peptides were solubilized in 10% aqueous
acetic acid, filtered and lyophilized. The crude peptides were purified by RPHPLC
using an Astec 300 C4 5 u column (8 x 250 mm). The solvent system used was the
following: 0.1% TFA in water, 0.1% TFA, 80% AcN in water, gradient: 0% — 90%
B in 1.5 h, flow 1.5 ml/min. The appropriate fractions were pooled and lyophilized.
The purity was checked by RPHPLC, isoelectrofocussing and SDS gel electropho-
resis.

Immunological Results
The immunological tests revealed that all the antisera are highly specific against
the used synthetic peptides, however, the antisera in the immunne precipitation test

do not recognize the native 16 kDa { chain. The antisera against the § chain were
able to recognize the native molecule in indirect immunfluorescence using FACS-
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star plus. The hemagglutinin antigen construction resulted in a high antibody
response after repeated injection into mice. This new MAP construction was highly
potent also in TH cell activation. Additionally, in preliminary experiments it
showed a protective effect against influenza infection. The MAP system combined
with this TH epitope seems to be a promising approach for subunit vaccine design.
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Comparative Solid Phase Synthesis of Caerulein
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Cueruicin was prepared with different liquud and solid phase methods ror oprimizanon of
the svntiesis. Classical liquid phase methods using fragment condensanons or solid phase
methods using Fmoc- or Boc-chemistry with Met(Q) and TrpyFor) protecrion resuited in
low vieid andior verv impure product. The best method found for the svnthesis of
caeruicin is as follows: solid phase method with Boc-chemistry, Met and Trp without
side-chain protection. Thr(Ac) protection, DCC or DCC/HOB! condensarion. sulpharion of
the ThriAc) containing pepride with PAS or PyriSO3, deacetviation with basic ivdroiysis.
Purificanon can be carried out by MPLC and HPLC.

Caeruiein is a decapeptide sulphate ester [Glp-Gla-Asp-Tyn SO3H)-Thr-Gly-Tm-Met-Asp-
Phe-NH-], which was isolated from the skin of the frog Hyla caerudea [1]. 1t shows similar
biological effects to the peptide hormone cholecystokinin {2-4], and has been used diag-
nostcally for the investigation of different parts of the gastrointestinal tract. The chemical
synthbesis of caerulein has been a difficult task owing to the following problems:

a) selective sulphaton of Tyr in the presence of Thr:

b) acid lability of the O-sulphate group;

c) sensitivity of Met and Trp to sulphating agents (formation of by-products).

Severai synthesis strategies with different results have been used for the preparadon of
caerulein (5.6]. Our aim was to work out an optimal, rapid synthesis for caerulein. 1o order
to optimize the synthesis, we investigated the following strategies:

A) CQassical liquid phase syntheses

1) fragment condensation: 6 + 2 + 2

2) fragment condensation: 1 + 1 +2 +2+2+2

B) Solid phase syntheses

1) Fmoc-chemistry on SAMBHA resin with direct coupling of
Fmoc-TyrtSO3Na)-OPFP N

2} Boc<chemistry on MBHA resin with protected Trp and Met [Trpt For)

and Met(O)]

3) Boc-chemistry on MBHA resin with unprotected Trp and Met and

with or without scavenger.

Classical Syntheses

Fragments were built up with Cbz- and Bocchemistry and using active ester coupling
methods (-OPCP or -OPFP). The reactive side-chain functional group of Asp was protected
with benzyl ester. In case of A/, the side-chain of Thr was protected with benzyl ether,
Tyr was unprotected, and sulpbation was carried out after fragment condensation. In the
scheme of A/2, the alcobolic OH of Thr was unprotected and Tyr was coupled as Fmoc-
Asp-TyrtSO3Na)-N2H3 similar to the classical liquid phase synthesis of cholecystokinin
octapeptide sulphate ester [7]. Both the azide and DCC/PFPOH method was used for
coupling of the fragments. Both syntheses resulted in a small amount of caerulein
Problems observed by using these classical methods are: the hydrogenolytic cleavage of
protecting groups and sulphation of the decapeptide can cause side reactions because of the

503



504 M. ZARAND! et al.

presence of unprotected Mct and Trp: and both classical methods are very umo—consummg
resulting in low yields and very impure product.

Solid Phase Syntheses

Fmocchemistry was carried out on SAMBHA (4-sucéinylamido-2.2".4’-trimethoxybernz-
hydrylamino poiystyrene) resin using fert. butyl ether and ester for side-chain protection of
Thr and Asp, respectively. DCC was used for condensation in all cases with the exceptions
of Fmoc-Tyr(SOaNa)-OPFP and Fmoc-Gin-OH, which was coupled with DCC/HOBt.
Direct coupling of Fmoc-TyrnSOaNa)-OPFP was used instead of sulphation. A mixture of
sulpbated and unsulpbated caerulein (1:1) was obtained after cieavage of the peptide and all
the protecting groups with 505 TFA/DCM (containing 2% (CH3)2S and 2% ethanedithiol,
20°C, 15 min) with low yield.

Boc-chemistry was performed on MBHA-resin using Thr(Ac), Asp(OcHex), and Tyr(2-
Br-Cbz). In the first method. Trp and Met were protected as Trp(For) and Met(O). DCC
or DCC/HOBt was used for coupling. The Boc group was removed, after each completed
coupling step, by treatment with 50% TFA in DCM. After completion of the syntbests and
cleaving the peptide from the resin with HF, Met(O) was reduced with MMA or thioglycolic
acid. Sulphation with PAS (pyridiniumacetylsuipbate) {8] was followed by basic hydrolysis.
The disadvantage of this method was the difficult reduction step with MMA or thioglycolic
acid (e.g. partial hydrolysis of the protecting acety! group of Thr).
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Figure 1. HPLC-chromatograms of crude, Thr{Ac) containing, and unsulphawed caerulein from
syntheses without (a) or with (b) scavenger and after sulphation (c) of “b". HPLC conditions:
column, Lichrosorb RP-18; detection, 2200 am; cluent system, (A) 0.1% aqueous TFA and (B) 0.1%
TFA in 80% McCN: lincar gradient, 3% — 50% B in 30 min: flow, 1.5 mUnun.



Cumparative Solid Phase Synthesis of Cacrulein 505

In the second method of Boc-chemistry, unprotected Trp and Met and DXCC or DCC/
HOBU coupling was used. The Boc group was removed, after cach completed coupliag
step, by treument (a) with 50% TFA in DCM, and (b) sith 307 TFA in DCM contaning
0.5% DTT. After completion of the synthesis, the dried and protected peptide-resin was
treated with a mixture consisting of 1.0 ml p<resol, 2 mi (CH1)2S. and 17 ml anhydrous
hydrogen tluoride per gram of peptide-resia for 60 min at 0°C to cleave the peptide from
the resin and to deprotect the side-chain functional groups with the exception of acetvi of
Thr. Sulpbation of the Thr(Ac)<containing peptide was camied out with PAS or Pyr/SOs.
Figure | shows the comparative HPLC protile of crude caerulein after HF cleavage using
(a) or not using (b) scavenger during the synthesis and sulphaton of *h” (¢). The pepude
was deacetviated via basic hydroiysis. After purification, this strategy resulted in good
yield and proved to be the best method for the synthesis of caeruiein. Figure 2 represents
the HPLC protile of the pure caerulein.

Purification

Crude products were purified first by using a Biichi MPLC system (30 x 300 mm Vvdac
C18 column, 300 A, 15-30 um) using the cluent system containing (A} 0.05 M TEAP (pH
=6.5) and (B) 0.05 M TEAP in 70% MeCN in a livear gradient mode (0% — 70% B in 90
min). The second purification of the peptide was carried out by using a Knaver RP-HPLC

system (16 x 250 mm Lichrosorb RP-18 column, 300A, 10 pm). The column was eluted
with a solvent system consisting of (A) 0.2% aqueous acetic acid and (B) 0.2% acetic acid
in 80% aqueous MeCN in a linear gradient mode (0 % — 70% B in 90 min).
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Figure 2. Analytical HPLC profile of purified cacrulkcin. HPLC conditions: columm, Nucieosil 5
C18: detection 220 nm: cluent system, (A) 0.1% aqueous TFA and (B) 0.1% TFA mn 70% MeCN;
lincar gradient, 35% ~ 50% B i 15 min; flow rate 1.2 mi/min.
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The chemical and biological properties in different tests of the synthesized and purified
cacrulein @provcd to be fully active and identical to the standard product of Farmitalia
(TAKUS™)

Acknowledgement

The participation of M.Z. and B.P. at the Canterbury Solid Phase Synthesis Symposium was
supported by Bacbem, Inc. (California, USA), which is gratefully acknowledged. The
authors thank A Asztalos, E Dosai-Molndr, R. Ferenci, and K. Nagy for their excellent
techmical assistance. .

References

1. ANASTASL A.. ERSPAMER. V., ENDEAN. R. 1967. Experientia 23, 699-701.

2. ANASTASL A.. BERNARDL L., Bosisto. G., bE CASTIGLIONE. R., GoFFrReDO, O. 1971. In:

Peprides 1969, North-Holland Publishing Co., pp. 328-331.

ROBBERECHT. P.. DESCHODT-LANCRMAN, M., MORGAT. J.L., CHRISTOPHE, J. 1978. Eur.

J. Biochem. 91, 39-48.

4. ZeETLER. G. 1980. Eur.J. Pharmac. 65, 297-300.

5. BERNARDL L.. BErRTAcanL. G., Bosisio, G., pE CASTIGLIONE. R., ERSPAMER. V.,
GoFFREDO. O.. IMPICCIATORE. M. 1967. Experienria 23, 771-773.

6. MORLEY. J.S. 1968. In: Peprides 1968, North-Holland Publishing Co., pp. 251-255.

7. TomL G.K. PenkE. B.. ZARANDL M., KovAcs. K 1985. Int. J. Peptide Protein Res.
26. 630-638.

8. PeNrRE. B., Z»\.RANDL M., ToTi. G.K.. KovAcs. K., FEReTE. M., TELEGDY. G.. Pliam. P.
1983. In: Peprides 1982 (K. Blaha and P. Malon, eds.), Elsevier/North-Holland

Biomedical Press. Amsterdam, pp. 569-565.

bl



T CELL RECOGNITION OF THE POSTTRANSLATIONALLY CLEAVED

INTERSUBUNIT REGION OF INFLUENZA VIRUE HEMAGGLUTININ

Eva Rajnavélgyil*, Zoltén Nagyl, Istvan Kuruczz, Péter
Gogolékl, Gabor K. Téth>, Gyorgyi Véradi3, Botond Penke3,

Zoltan Tigyi4, Miklés Hollc‘:si,5 Janos Gergelyl

1 Department of Immunology, L. E&tvés University, G&d,

'Huﬁgary

2 Institute for Drug Research, Budapest, Hungary

3 Department of Medical Chemistry, A. Szent-Gyodrgyi Medical

University, Budapest, Hungary

4 Department of Microbiology, Pécs, Hungary

5 Department of Organic Chemistry, L. Eo&tvds University,

Budapest, Hungary

Running title: T cell recognition of influenza virus
hemagglutinin

Key words: = T cell epitope, antigen processing, influenza

virus hemagglutinin

* To whom correspondance should be addressed:
Dr. Eva Rajnavolgyi Ph.D.

Department of Immunology, L. EStvds University
Javorka S.u.14. H-2131 GOd, Hungary

Phone: 36-27-345311

FaX: 36-27~345147



ABBREVIATIONS .

APC
cD
FT-IR
HAO
HA

Ig

PBS

G-PBS

antigen presenting cell

circular dichroism

Fourier-transform infrared spectroscopy
immature hemagglutinin

mature hemagglutinin

immunoglobulin

monoclonal antibody

phosbhaté buffered saline

glucose containing phosphate buffered saline



S8UMMARY

The influenza virus hemagglutinin is synthesized as a single
polypeptide chain, but upon maturation it will
posttranslationally be modified by a host cell related
trypsin like enzyme. The enzymatic cleavage attacks the so-
called intersubunit region of the molecule giving rise to
covalently linked HAl and HA2 subunits. An 1-E4 restricted T
cell epitope was identified in the highly conservative
intact intersubunit region of the influenza virus
hemagglutinin. T cell recognition of a 25-mer synthetic
peptide comprising the intact intersubunit region does not
require further processing and the elimination of the Arg
residue coupling the fusion peptide to the C-terminal
segment of HA1l does not abolish the T cell activating
capacity. Fine specificity pattern of a T cell hybridoma
similar to that of the polyclonal T <cell response
demonstrates that a single T cell receptor 1is able to
recognize peptides of different sizes representing not only
Athé ur.cleaved but alsc the cleaved forms of fhis
hemagglutinin region. Based on specificity studies the
epitope was localized to the C-terrninal 11 amino acids of

the HA1l subunit.

The cross reactivity of peptide primed T cells with
influenza virus infected antigen presenting cells shows that

fragments comprising the identified epitope of the



intersubunit region can be generated as a result of the
natural processing of the hemagglutinin molecule. As antigen
presenting cells are lacking the enzyme which is responsible
for the posttranslational modification of newly synthesized
hemagglutinin molecules, the role of immature viral proteins

in immune recognition is discussed.



INTRODUCTION

Intracellular processing of viral proteins raises special
possibilities for antigen presentation [1-5]. Spike or
integral proteins of enveloped viruses are degraded in
antigen presenting cells (APC) as exogeneous antigens upon
entry to the host cell via receptor mediated endocytosis.
MHC II molecules play a predominant role in this stage of
viral infection presenting viral peptides for virus specific
helper T cells ({6]. If 1infective viruses enter the
appropriate host cell virus replication occurs generating
newly synthesized viral proteins which can predominantly be
handled as endogenous proteins in terms of antigen
processing. In this process primarily MHC I but, depending
on the type of the host cell, also MHC II molecules are
involved [7,8]. Influenced by the intracellular destination
of viral proteins, MHC I and MHC II molecules have the
chance to select from different sets of viral peptides, but
some fragments of viral proteins might be able to bind to

both types of MHC molecules [9,10].

The hemagglutinin (HA) spike protein of influenza viruses
has multiple biological functions and it is one of the main
targets of immune recognition ({11-13). T cell epitopes
recognized either by helper or cytotoxic T cells 1in the
context of different H-2 ([14,15] or HLA {[16] haplotypes have

been localized in distinct regions of the molecule including



the C-terminal membrane spanning segment of the HA2 subunit
[17] or the head region (HAl) accumulating most of the type

and subtype specific variations and the corresponding B cell

epitopes (1,2,11].

The most conservative sequence of the hemagglutinin molecule
from different influenza viruses is the functionally
essential fusion peptide representing the N-terminal 1-12
amino acids of the HA2 subunit 718]. In newly synthesized,
immature hemagélutinin (HAO) nolecules this peptide is
covalently linked to the C-terminal of the HAl subunit via
an Arg residue in position 329. This Arg will be deleted in
the course of HAO maturation by subsequent posttranslational
enzymatic cleavages [19] giving rise to mature HA built up
from disulphide-bridge-linked HAl and HA2 subunits (20].
This event is the prerequisite of viral infectivity ensuring
a pH-dependent conformational change of the HA molecule in
endosomes where membrane fusion will be catalysed by the
exposed fusion peptide [21]. The amino acid sequence of the
C-terminal stretch of the HAl subunit also shows restricted
amino acid variations and comprises an enzyme cleavage motif
determining enzyme susceptibility and thus influencing
tropism of the virus ([22-25]. The enzyme involved in the
posttranslational modification was identified as a trypsin
like serine protease acting in the post-Golgi compartment of -
defined cell types such as the epithelial cells of the

respiratory tract (20]. Professsional antigen presenting



cells such as B cells, macrophages or dendritic cells lack
the appropriate enzyme for HAO cleavage and thus upon
infection generate immature, uncleaved molecules giving rise

to non infective viruses [6,20].

As we demonstrated (26, Nagy et al. to be published) the 25
amino acid-long synthetic peptide IP corresponding to the
uncleaved form of the intersubunit region of the A/PR/8/34
(H1N1) human influenza A virus hemagglutinin (see Table 1)
is able to elicit an IgG response in BALB/c mice without the
introduction of any carrier. This result implies that T cell
epitopes are also present in this region. This assumption
was supported by the prediction of an alpha—helical
structure and segments resembling to Rothbard motifs in the
pertide sequence, analyzed by the combined prediction method
of Feller & Cruz [27]. This paper reports a study on the
possible recognition of the HAl1-HA2 intersubunit region by T
cells in relation to the influence of the posttranslational
modification. This question was apprcocached by the use of
synthetic peptides cémprising the C~-terminal sequence of the
HAl and the N-terninal seguence of the HA2 subunits. These
peptides correspond to the covalently 1linked intact or
cleaved forms of the immature HAO and the
posttranslationally modified HA molecules, respectively. The
conformational properties of these overlapping peptides have
been charactérized by circular dichroism (CD) and Fourier-

transform infrared (FT-IR) spectroscopic methods [2§,29,



Nagy et al. to be published). They have been used for
specificity analysis of peptide or virus primed T cells. Our
. results revealed that the intersubunit region encompasses a
nonpredicted 1-E9 restricted T cell epitope located in the
C-terminal of the HAl subunit. This epitope <can be
recognized in peptides corresponding both to the cleaved and
uncleaved forms of the hemagglutinin molecule (Table 1).
Peptides of different length covering the core region of
this epitope are able to prime and activate T cells which
also recognize influenza virus infected APC. These results
reveal that the natural hemagglutinin processing pathway can

generate peptides comprising this T cell epitope.



MATERIALS AND METHODS
1. Animals

8-10 weeks o0ld female B1O (H-zb) and CBA (H-zk) mice were
purchased from LATI (Godolld, Hungary). Female BALB/c (H—zd)
mice were delivered by the Institute of Oncology (Budapest,

Hungary). Animals were housed under conventional conditions.
2. Virus preparation

The A/PR/8/34 influenza virus (H1N1l) stock bearing cleaved
(grown in chorio-allantoic fluid of hen eggs) or uncleaved
(grown in hen egg embryonic fibroblasts) hemagglutinin
molecules were prepared as described previously ([30]. Heat
inactivation of the virus was performed at 56 °C for 30

minutes.
3. Synthetic peptides

The description of peptide synthesis, purification and
characterization has been reported elsewhere (28-30].
Characteristics of the peptides used in this study are
summarized in Table 1. Prediction of T cell epitopes was

performed by the software package TSites [27].
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4. In vivo induction of A/PR/8/34 influenza virus primed T

cells

BALB/c mice were aerosol infected with 0.03 LDgg dose of the
mouse pathogenic A/PR/8/34 1influenza virus and 3 months
later red blood cell lysed spleen cells were enriched for T
cells by passing the single cell suspension through a nylon
wool (FENWAL LABORATORIES) column. In an other series of
experiments BALB/c mice were infected as described above but
three weeks later they were re-challenged with 1 LD50. T
cells were 1isolated 3 mnonth after secondary infection as
described above. In a third series of experiments the
A/PR/8/34 virus was injected subcutaneously as 100 ug
purified virus emulsified in complete Freund’s adjuvant and

introduced to the base of the tail.

S. In vivo induction of peptide primed T cells

B10, CBA or BALB/c mice were immunized subcutaneously at the

base of the tail and to the hindth footpads with 100 ug
peptide dissolved in sterile PBS and emulsified in CFA. 14
days later the T cell enriched lynph node cells were used
for the 'proliferation assay. In some experiments peptide
administration was repeated on day 21 in combination with
incomplete Freund’s adjuvant and the T cell enriched lymph
node cells were isolated 7-10 days after the secondary

peptide challenge. T cell enrichment of the popliteal,



inguinal and paraaortic lymph node cells of subcutaneously
immunized mice was performed either by nylon wool (FENWAL
LABORATORIES) elimination of adherent cells or by panning on
anti-mouse immunoglobulin (Ig) coated Petri dishes. The T
cell enriched, eluted cell population (subsequently termed
as T cells) was contaminated with 1-3 % B cells detected by

cytofluorimetry using FITC-labelled anti-mouse Ig (SIGMA).

6. T cell proliferation assay

The T cell proliferation assay was performed by the method
of Corradin et al. [31]. Briefly, 5x10° enriched lymph node
T cells were cultured in the presence of 2x10° irradiated
syngeneic spleen cells as APC in the absence or the presence
of different concentrations of synthetic peptiaes.
Triplicate microcultures in a final volume of 250 ul were
established in flat bottomed 96 well plates (GREINER) in
complete RPMI medium supplemented with 10% fetal calf serum
(GIBCO)); 1 mM sodium pyruvate, 2 mM glutamine, 10 mM HEPES
buffer, 5x107°2 M 2-mercaptoethanol, antibiotics,

nonessential amino acids, and BME-vitamins (all purchased

from SIGMA).

Influenza virus infection of normal BALB/c spleen cells was
performed by a 4 h preincubation of the cells with different
doses of the infective A/PR/8/34 influenza virus. After the

preincubation period cells were washed twice with glucose
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containing phosphate saline (G-PBS) , irradiated or
mytomycin-C (SIGMA) treated (25 ug/ml, 37%, 30 min) and
used as APC at 2x10° cell/well. Cultures were pulsed with 1
uci (3.7 kBq) 3H-thyﬁidine for the final 16 h of the a-day

cultures.

Experiments performed 1in the presence of the enzyme

inhibitor leupeptin (acetyl-Leu-Leu-Arg-SO;H, BOEHRINGER

12

MANNHEIM) or the tripeptide ' Boc-D-Phe-Pro-Arg-CHO .

(RGH-2958), the generous gift of S. Bajusz, Institute of

Drug Research, Budapest, Hungary) [32] was performed as
described for the T cell proliferation assay except that the
inhibitor was present during the whole period of cell

culture at 1 mM final concentration.

The inhibitory effect of MHC specific monoclonal antibodies
(mAb) I-47 rat IgG2a, anti-H-ZDd [generous gift of G. Laszld
(Dept. of Immunol., L. E6tvds University)]; 14.4.4 mouse
IgG2a, anti-I-gX/4d [337; M5/114 rat IgG2b, anti—I-A/Eq (ATCC
TIB 120) ([34]; MKD6 mouse IgG2a, anti-I-A (ATCC HB3) (35)
was detected in the presence of 5% hybridoma cell culture

supernatants.
7. Isolation of the IP-12-29 T cell hybridoma

The IP-12-9 T cell hybridoma was selected from the spleen of

a HAlC[Arg] immunizZed and virus challanged BALB/c mouse.



HA1C[Arg] immunization was pérformed as described above and
4 weeks before cell fusion the preimmunized mouse was
aerosol infected with 5 LDgg of A/PR/8/34 influenza virus.
Spleen cells of the peptide immunized and subsequently virus
challenged mouse were reactivated in vitro with the
HA1C[Arg] peptide and 5 days later Ficoll separated T cells
were fused with the BW-1100.129.237 alpha /beta  [36]

thymoma cells according to the method of Rock (37].
8. Detection of IL2 production

Peptide or wvirus 1induced 1IL2 production of activated
polyclonal T cells was measured in cell culture supernatants
of the proliferation assay harvested after 24 h incubation
in the presence of the peptides or virus infected APC. The
detection of IL2 in the supernatant of the IP-12-29 T cell
hybrid was measured in supernatants taken at 48 h of cell
cultures containing 1x10% hybridoma cells and 2x10°
irradiated syngeneic normal spleen cells. IL2 was detected
and guantitated by the proliferation of HT2 cells detected
by 3H-thymidine incorporation in secondary cultures using a
calibration curve 1in the presence of different amounts of

recombinant human IL2 (kindly provided by Hoffman La Roche).

13



RESULTS

1. The proliferative response of CBA, B10 and BALB/c mice to

the synthetic IP peptide

The proliferative response of in vivo primed lymph node T
cells of different inbred mouse strains to the synthetic IP
peptide (see Table 1) representing the uncleaved form of the
intersubunit region of the influenza virus hemagglutinin
molecule is summarized in Table 2. Data demonstrate that IP
is able to induce a peptide specific, MHC restricted
proliferative response in IP immunized BALB/c but not in B10
or CBA mice. It 1is also shown that IP induces proliferation
and IL2 production in a dose dependent manner in the
presence of syngeneic APC. Despite the lack of a predictable
1-9 restricted epitope (see Table 1) inhibition by MHC
specific antibodies revealed the 1-£9 restriction of the IP

specific T cell response (Fig. 1 dark columns).

2. Specificity of the IP induced T cell response of BALB/c

mice

The reactivity of IP specific T cells with overlapping
synthetic peptides covering the intersubunit region was
- studied with polyclonal T cells as weli as with T cell
hybridomas. As it is shown in Table 3 IP primed T cells can

be activated by the HA1C[Arg] subfragment peptide but not

14



with the FP fusion peptide. This observation points to the
location of a T cell epitope to the C-terminal segment of
the HA1l subunit. The presence of a T cell epitope in the
HA1C[Arg) peptide was also verified by the capability of
this peptide, but not of the FP fusion peptide to prime T
cells (Table 3). HA1C[Arg) primed T cells are cross reactive
with the IP peptide (Table 3) and are also recognized in the

context of the I-EY molecule (Fig. 1 plain columns).

To answer the question whether the C-terminal arginine of
the HA1C[Arg] peptide has any role in T cell recognition,
the capacity of the Arg-truncated HA1lC dodecapeptide to
induce the activation of HAl1C, HA1lC[Arg] or IP primed T
cells was studied. Although no striking difference in the T
cell priming or activating capacity of HA1lC[Arg] or .HAlc
could be observed (Table 3) it should be noted that the Arg

extended peptide gave higher response in most cases.

The observations obtained with polyclonal T cells raised the
possibility that T cells of differring specificity might be
responsible for the recognition of IP and HAl[Arg)] and its
analogs. The fine specificity pattern of a typical T cell
hybridoma (IP12-29) shown 1in Fig. 2 shows full cross
reactivitiy of Ip and HA1C[Arg] supporting the
interpretation that HA1C[Arg] canvbé recognized both in its
13-mer and the fusion peptide elongated 25-mer forms. As in

the case of polyclonal T cells (Table 3) Arg truncation at

15



the C-terminal of the HAl1C[Arg] peptide does not abolish
recognition by the 1IP-12-29 T cell hybridoma (Fig. 2B)
demonstrating the identical specificity pattern of

polyclonal T cells and that of this monoclonal T cell.

on the basis of these results, a T cell epitope localized to
the the 317-328 region of the HAl subunit representing the
Hl serotype sequence of influenza virus hemagglutinin could

be identified. In good accordance with the prediction data

16

(see Table 1) N-terminally truncated analogs of HAlC up to a .

deca- (HA1Cgecaz) ©r nonapeptide (HA1Chgonay) are not able to

activate the IP-12-29 T cell hybridoma (Fig. 2B).

3. Processing requirements of IP recognition

The cross reactivity of IP and HA1C[Arg] primed T. cells in

both directions does not clarify whether IP is recognized in

its full length or will be further processed giving rise to

a fragment comprising the HA1C[Arg] peptide. The processing

requirements of IP were investigated by studying the
activity éf the D-Arg substituted analog of IP ([D—Arg]lzlP)
and using different enzyme inhibitors known to interfere
with the activity of trypsin like enzymes, which have an
inhibitory effect for exogeneous antigen processing and also
for certain viral infection (38). As it is shown in Fig. 3
the presence of leupeptin or the Boc-D-Phe-Pro-Arg-CHO

trypsin inhibitor previously shown to inhibit trypsin



mediated fusion of influenza virus (unpublished observation)
did not abolish IP recognition. This result, in good
accordance with the similar dose response curves of
HA1C[{Arg], IP or its tD-Argl3]IP] analog to activate the IP-
12-29 T hybridoma (Fig. 2A) or polyclonal T cells (data not
shown) revealed that the IP peptide can be recognized

without further processing at the Arg/Gly cleavage site.

4. Reactivity of HA1C[Arg] or HA1C primed T cells with

influenza virus

As it is summarized in Fig. 4 syngeneic normal spleen cells
preincubated with the infectious virus activate HA1C[Arg] or
HA1C primed T cells in a dose dependent manner. These
results show that processing of the HA molecule results in
fragments comprising the HA1C{Arg] region which is available
for MHC II molecules and can be recognized by pepide primed

T cells.

5. Occurrence of IP, HA1C[Arg] or FP specific T cells in

influenza virus infected or immunized BALB/c mice

As the HAIC[Arg] epitope was proved to be presented by

influenza virus infected APC, peptide reactive T cells were

17

searched in influenza virus infected or immunized BALB/c

mice. Synthetic peptides comprising the intersubunit region

of influenza virus hemagglutinin were used to activate



influenza virus primed T cells under in vitro conditions. As
a positive control APC preinfected with the infective virus
or incubated in the presence of heat inactivated A/PR/8/34
influenza virus were used. As shown in Table 4, primary or
repeated viral infections do not result in the activation of
a substantial proportion of peptide specific T cells.
Adjuvant combined immunization with a high dose of
infectious A/PR/8/34 virus does not induce the priming of
these type of T cells either. These results do not exclude a
low frequency of T cells recognizing this region however,
efforts for selecting peptide specific T cell 1lines or

clones were unseccessful (data not shown).

18



DISCUSSION

The influenza virus hemagglutinin can be present in the
infected host in two forms; the single chain HAO precursor
and the ©posttranslationally modified mature molecule.
Mature, enzymatically cleaved HA molecules are ready to
undergo a pH-dependent <conformational - change, acquire

enhanced sensitivity to further enzymatic cleavage and are

characterized by increased hydrophobicity compared to .the

immature uncleaved form [21}. In this study the question was
raised whether the cleaved and/or uncleaved forms of the
intersubunit region can be the target of T cell recognition
and if so what are the requirements for T cell recognition.
‘Both the AMPHI [39] and the Rothbard & Taylor [40]
algorithms revealed the presence of T cell epitopes in the
intersubunit region (Table 1). To localize and demonstrate
the function of the predicted T cell epitopes in the
intersubunit region of the H1l subtype of influenza virus
hemagglutinin inbred mice of different MHC haplotypes were
injected with the IP peptide and the polyclonal T cell
response to the parental and to the overlapping synthetic
peptides was measured by in vitro proliferation and IL2
production. Results revealed that the IP peptide induces an
intense T cell response in BALB/c, but not in B10 or CBA
mice. The proliferative response of BALB/c mice is 1-g4

restricted and 1is accompanied by IL2 production. The



prediction method introduced by Sette et al. [41] did not

reveal the presence of the identified epitope (Table 1).

The 24-mer C-terminal segment of the HAl subunit of the H3
influenza A virus serotype has previously been identified as
a region comprising multiple helper T cell epitopes [15,42].
A dominant I-E9 restricted T cell epitope not cross reactive
with the virus, was localized to the 305-317 region together
with a subdominant epitope in the 319-328 segment [42]. It
was of particular interest to investigate whether the
additional length at the C-terminal of HAl representing a
hydrophobic natural sequence has any effect on T cell
recognition of this region. This C-terminal flanking
sequence, comprising the fusion peptide has .been
demonstrated to undergo a conformational switch from alpha-
helical to an extended conformation under appropriate

conditions [28). Another crucial question was whether the C-

20

terminal Arg of the HAl subunit, which is involved in the

predicted alpha helix but not in the Rothbard motif, and
presumably being beneficial in 1-9 and peptide interaction
[41,43] has any effect on T cell recognition. In our studies
the 317—32§ HAl1l fragment representing the Hl serotype
sequence of human A type influenza viruses turned out to be
a potent MHC II restricted T cell epitope used either in its
13-mer or C-terminally elongated 25-mer analog to induce or
activate proliferating BALB/c T cells. The dose response

curves obtained with IP, [D—Argl3]IP or HAl1lC[Arg] to



activate the IP12-29 T cell hybridoma revealed the similar
potency of the longer or shorter analogs to activate T
cells. In addition, the lack of inhibition by serine and
thiol protease inhibitors demonstrated that the longer IP or
its [D-Argl3]IP analog can be recognized without further
processing being mediated by trypsin like enzymes inside or

outside of the cell.

The core region of the epitope was localized to the 217/318-
328 region as the N-terminally truncated deca- or
nonapeptides were inactive (Fig. 2B). Our results show that
overlapping peptides of different length comprising this
region are able to activate T cells. The fusion peptide
"elongated 25-mer peptide is as efficient to activate T cells
as the shorter HA1l derived peptides (Fig 2A, Table 3). Lack
of the C-terminal Arg residue in the HA1lC subunit peptide,
in good correlation with its elimination under pysiological
conditions by carboxypeptidase N [19,44] does not akolish T

cell recognition (Fig. 2B, Table 3).

These results are consisteﬁt with the recent view of the
open binding groove of the class II MHC molecule [45;. Data
on the size of naturally occuring MHC class II associated
and eluted peptides of endogenous or exogeneous proteins
(46-49] revealed a wide size heterogeneity and provided
examples for the enhanced binding efficiency of longer

peptides (50]. In functional terms our results demonstrate
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that the epitope identified in the intersubunit region can
equally well be recognized as peptides of cleaved or
uncleaved hemagglutinin molecules if the appropriate
fragments afe generated by any route of antigen processing.
Lysosomal enzymes are not involved in the posttranslational
modification of HAO and their activity results in abberrant
cleavage products of the immature molecule [51]. These
fragments however, can bind to and be protected from further
degradation by MHC molecules. The cross reactivity of
HA1C[Arg] or HALC pfimed T cells with APC, preincubated with
the infective virus which subseguently give rise to

uncleaved HAQ molecules supports this assumption.

The capability of HA1C{Arg] primed T cells to be activated
by influlenza virus infected APC proves that hemagglutinin
fragments comprising the studied peptides will be generated
in an available form after natural processing of the
molecule. The exact pathway of the route of hemagglutinin
rrecessine has however to be elucidated. The infective
siral 1njut to the excgene>us pathway is .anuch lower compared
t= the amourt of nevly svnthesized, uncla:zved lhemagglu*tinin
molecules produced in the course of a single growth cycle (4
h) ([14]). This suggests that it 1is the endogenous pathway
which also might be involved in peptide production. This
interpretation 1is consistant with previous results which
show, that MHCII molecules can efficiently be loaded also by

endogenous influenza virus proteins 7,8,14,52]. Previous
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data showing that re-internalization of nonionfectious
viruses bearing uncleaved HAO molecules, is unefficient {53]

also supports this intesrpretation.

The cross reactivity of peptide primed T cells with virus
infected APC argues against the possibility that the low
frequency of T cells directing against this regicn in virus
primed mice, 1s the consegquence of inapprcpriate processing
events. It is more likely that the productive growth cycle
of the virus results in strong peptide competition in APC
mediated by a large excess of dominant T cell epitcpes
generated from cleaved HA or from other viral proteins
entering the endogeneous processing pathway. Consequently,
‘the epitope defined in this study is not ar immunodominant T
cell determinant in the course of viral infection. However,
primary infection of APC producing uncleaved HAO precursors
might have an important role in the first recruitment of T
and B cells (6]. As it was revealed the covalent attzchment
of the highly conserved fusion pepctidz has o ooen2ifcial
effect on the expression of the B cell epitcpe located aiso
in the HA1C{Arg] region [26,29,30,34, FKagy et ai. tc be
published]. This is due to the stabile conformation of this
region which is maintained also in IP as demonstrated by CD
and FT-IR spectroscopy {28]. In an in vivo situatiocn the
concommitant presence of a B cell epitope by itself can be
beneficial for T cell recognition by promoting uptake of the

protein and protection of a particular region against
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further degradation. The potency of this region as a subunit
vaccine <candidate was experimentally demonstrated in
survival experiments proving the capability of these
peptides and more obviously their modified analogs to elicit
a protective immune response [26,29,30, Nagy et al. to be
published]. Based on our results it is reasonable to assume
that multiple infections generating cleaved HA molecules
does not favour antibody recognition of this region and the
subsequent internalization of immature HAO molecules by
specific B cell APC suggesting a functional escape mechanism

of the virus.
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Pig. 1

MHC restriction of the IP and HAIC[Arg] primed T cell

response

Proliferation of IP ( ) or HAl1C[Arg] ( ) primed T cells
was studied in the presence of 5 ug/ml IP or HA1C[Arg],
respectively in the absence or presence of 5% cell culture
supernatéhts containing mAb reacting with I-A, I-E or H-2p9
molecules. Percentage of inhibition was calculated from cpm
values obtained for positive cultures containing the

corresponding peptide in the absence of the mAb.
Fig. 2

Reactivity of the IP-12-29 hybridoma with synthetic peptides

representing the intersubunit region of influenza virus

hemagglutinin

A - T- hybridoma cells were cultured in the presence of
irradiated BALB/c spleen cells and different concentrations
of the synthetic peptides IP ( ), [D—Arql3]IP ( ) or
HA1C[Arg] ( ). Relative IL2 content of cell culture
supernatants was measured by HT2 cell proliferation and
given as cpm. Mean values of triplicates of a typical

experiment are documented.
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B - T hybridoma cells were cultured in the presence of 2.5
ug/ml HA1C[Arg] ( ), HAlC ( ), HAlCqeca ( ) or
HA1Cpona ( ) peptides. Negative cultures ( ) did not

contain peptide.
Fig. 3

Proliferation and IL2 production of IP primed polyclonal T

cells in the presence of trypsin inhibitors

The T cell proliferation assay was performed in the presence
of 40 ug/ml 1IP or 40 ug/ml IP in combination with 1mM
leupeptin (Leup) or Boc-D-Phe-Pro-ArgCHO (RGH-2958) (D-FPR).
Control cultures did not contain peptide (-) or trypsin
inhibitor (+). Mean values of triplicates of a typical

experiment are documented.
Fig. 4

Proliferation of HA1lC[Arg] or HA1C primad T cells in the

presence of A/PR/8/34 influenza virus intected syngeneic APC

Normal BALB/c spleen cells were preincubated with 100, 20 or
4 HAU/ml dose of A/PR/8/34 influenza virus for 4 h at 37 °c,
mytomycin treated and cultured with HA1C[Arg] (, ) or HA1lC
( ) peptide primed T cells. Control cultures were set up

with the same amount of APC not preincubated with the virus.
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Table 1
Description, amino acid sequence, purity and epitope

prediction of the synthetic peptides

Localization Code Sequence Purity=*
HAl317-329+HA27-75 IP VTGLRNIPSIQSRGLFGAIAGFIEG 96
..AAAA....AARAAAAARAA.....
-RRRRRRRR. ....c.v0 ..

HAl317-329+HA2,_15 [D-Arg?3)IP VIGLRNIPSIQSRGLFGAIAGFIEG 97

HAl3717-329 HA1C(Arg] VTGLRNIPSIQSR 98
HAl377-328 HA1lC VTGLRNIPSIQ 99
HAl3919.328 HAC4eca GLRNIPSIQ 97
.. AARAA...
HAx5p0-~328 HAChona LRNIPSIQS 98
HA27_.;5> FP GLFGIAGFIEG 97
. cAAAAAAA.
RRRRRRRR. ..

. —— —————————— ——— - ——— ——— T ———— ——— —— — — A ——— ———— T —— . _———— —————— ———

* - determined by HPLC;
A - AMPHI positive segments (Window size 7) [27]

R ~ Rothbard motifs (Window size 7) [27]



Table 2
The in vitro IP specific proliferative response and IL2
production of lymph node T cells isolated from IP primed

BALB/c, B10 or CBA mice

Mouse H=-2 T cell proliferation IL2 production
3.5 -5 5 S DL et L e et e L L L PP P
IP
K I-A I-E D ug/ml cpmx10~3+8D cpmx10~ 348D
20 2.8 + 0.4 0.2 + 0.1
B1oO 4 - 3.7 + 1.2 0.1 + 0.1
bb bb Db- bb 0.8 3.5 + 1.4 0.8 + 0.2
- 3.8 + 2.6 0.2 + 0.1
20 2.0 + 0.7 7.8 + 1.2
CBA 4 1.5 + 0.3 4.9 + 0.7
kk XXk kk kk 0.8 0.7 + 0.1 1.2 + 0.1
- 0.5 + 0.1 0.3 + 0.1
20 86.3 + 10.7 131.3 +23.2
BALB/c 4 45.6 + 8.8 128.2 + 5.1
dd 44 dda ad 0.8 13.5 + 9.4 71.5 +14.1
- 1.9 + 0.6 38.8 + 5.4
* =
20 4.9 + 0.5 n.t.

- tested in the presence of CBZ normal spleen cells
as APC

n.t. - not tested
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Table 2 (continued)

T cell proliferation was measured by 3H—thymidine
incorporation in the 4-day cultures. IL2 production was
measured by the proliferation of HT2 cells in a secondary
culture containing 50 ul of culture supernatant harvested 24
h after primary culture in the presence of APC and peptide.
Mean values of triplicates + SD of a typical experiment are

documented.



Table 3
Cross reactivity of peptide primed lymph node T cells with

the intersubunit IP and subunit peptides HA1C{Arg}, HA1lC and

FP
Immunization
In vitro stimulation
ug/ml Ip HA1C[Arqg] HAlC FP
cpm X 10-3 + SD
IP
20 48.9+ 9.9 36.3+ 6.6 33.4+ 4.3 12.2+ 2.3
4 63.1+ 2.8 33.5+ 3.0 28.5+ 0.5 14.2+ 6.2
0.8 50.2+ 4.0 19.9+ 5.3 23.0+ 1.7 12.5+ 1.4
- 7.1+ 0.7 14.1+ 6.1
BA1C[Arg)
20 43.3+ 3.4 66.1+17.4 41.9+ 2.7 n.t.
4 50.1+16.0 41.8+10.5 23.8+12.4 n.t.
0.8 65.5+ 4.8 33.4+ 6.3 26.7+ 5.5 n.t.
- 14.6+ 5.2
HAL1C
20 22.3+ 6.9 34.8+ 2.3 32.9+ 3.9 n.t
4 28.0+ 3.9 22.8+12.7 24 .0+ 9.5 n.t
0.8 21.1+ 6.3 18.8+ 5.3 21.8+10.4 n.t.
- 2.8+ 0.3
FP
20 10.7+ 2.9 n.t n.t 5.9+ 0.5
4 8.8+ 3.4 n.t n.t S.4+ 0.7
0.8 7.2+ 0.8 n.t n.t 5.7+ 2.4
- 5.5+ 1.1

T cell proliferation was measured as described under Table

-
-
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Table 4.
Reactivity of influenza virus infected or immunized BALb/c
mice with the synthetic peptides covering the intersubunit

reigon of influenza virus hemagglutinin

Immunization In vitro stimulation

""""""""""" viros  eEerIpe

T A/ers8/34 A/PR/8/3s 1P EAiC(ATG]  FP
HIA

P 20 ug/m1

A/PR/8/34

infection 102.9+14.9 71.9+33.42 9.4+6.4 4.6+4.2 5.0-2.6
primary

A/PR/8/34 .
infection 87.9+16.2 86.5+ 4.8 0 0 0
repeated

A/PR/8/34 .

live s.c. n.t. 73.7+ 9.4 1.8+1.3 n.t. 0

injection

—— . —————— = —————— - — —— —————— - T —————— ——— —— ——— .~ ———_——

HIZA - heat inactivated; n.t.- not tested

* - 4 ug/nl; el - 20 ug/ml

Primary infection of BALB/c mice was performed with 0.03
LDsg. Viral challange was given by 1 LDgg. Subcutaneous
injection of 100 ug purified live virus was introduced to
the base of the tail. Mean cpm values of triplicates + SD of
a typical experiment are domucented. Values are corrected
with the corresponding cpm values measured in negative

control cultures set up in the absence of the virus or

peptides.
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