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ABSTRACT 

Intermcdiate filaments are fibrous protein~, appearing in a wide variely af tissue 

specifie fOrlm. The function of these protems IS poorly understood, althollgh they are 

comrnonly belIcved to perform a structural raIe in the cclI. Evidenc·e suggests tha t the 

mie thesc proteins play may be more dynamic than was previously believed. To gain 

more insight into their normal ill vivo fllnction, a single-chain monocl::mal antibody has 

bccn constructed to serve as a speclfic reagent which can disrupt the intermediate 

tilarnent nctwork /11 VIVO. The work presented in this thesis represents the tïr:lt step in an 

approach whlch involves the use of single-chain monoclonal antlbodies as specifie 

rcagents ta target and disrupt the function of intracellular proteins. 

Thc polymerase c11.lin reaction was used for the cloning and modification of the 

heavy and light chain variable reglOns of the murine monoclonal antibody produced by 

the TIB 131 hybridoma. The vanable regions of the light and heavy IgG chains were 

initially amphficd from cDNA using degenerate 5' primers and 3' primers 

complemcntary to the constant region of the appropriate chain. The amplification 

products wcrc cloncd individually, sequenced, then modified to include restriction sites 

suitable for clol1lng inlo an expression vector. The two modified variable regions were 

cloncd Il1tO an expressIOn vector, and when expres.:;ed in either bacteria or in a rabbit 

reticulocytc lysatc SySlè1l1, yieldcd a protcin of the expected Inolecular weight. 
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ABREGE 

L(~~ 1ilam~,l't\ ~ntermédi<}i.n,~" ~onl des protéines rrtbrell~Cs St' retrouvant dans tlnc 

gran.je variété d~~ l ',',' . La fO'ytl'lI1 de ce~; pr',)témes n'c~t p.\'; vraimcl't 1:01111\1C, hicn 

que l'on rre. ,; li. • ,rmplis';ellt llll rôlt- ~trtlclural dans la cellule Mais cert.tillcs 

évidences surgerl... .. 4U ~ rôle lll~ ces prnté111cS ~I::rait plu,; dynami4uc, Pour IllICUX 

comprelldn! k~ur fonction m }'Îvo, une chaine unique d'un antlcorp~ llH'lloclonal a été 

construite dans le bl1t <Î\ftn~ lI! 'sée comme réadif spéci1iquc pOl\vant romprc Ic ré'icau 

de filaments "illl:!f'-, " ."" 

premier pas à 1. ,~" "-'! '!" 

'ésultats pr6cI1tés dan,; cc mémolrc rcpré·.;cnlcllt le 

llétho:le l1ttll~(lnt une dmÎne unique d'anticorps 

monoclonaux cor, .. 

intracellulaires. 

i' h. ; Ide pouvant IIltcuompre la fonction dcs protéllH..'\) 

La réaction en chaille à la llù.lYr:1érase a ét~ utilisée pour cloncr ct modIfier ks 

régions variables, légères et lourdes de l'anticorp'' monoclonal munn produitc" par 

l'hybridome TIB 131, Les régIOns variable.;; d~s chaînes légères et lourdes dc IgCi d' Il Il 

cADN ont été amplifiées au préalable utilisant des amorcc') dégénéréc\ en 5' ct 

complémentaires en 3' à la région constante <-lu transcnpt produit. Les produits dc 

l'amplification ont été clonés individuellement, séquencé') ct en~l1ltc modiliés pour 

inclure des zones de restnction permettanl de Ics In~rer dans un vecteur d'expres\Înn. 

Les deux régions variables modifiées ont été in~érées dan') un vectctlf d'expression ct 

ensuite exprimées soIt dans une bactérie ou un lysat dc réticulocytc de lapin produi~ant 

ainsi une protéine d'un poids moléculaire e~compté, 
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INTRODUCTION 

Due to the complexity of b1010glcai systems, it has long bccn an:eptcd th.ll 

gaining more inslght into the biological fUllctlOn of a parlicular prolcin or prolclIls leilc~ 

on two approaches, 1) to study a prolem 111 isolatIon and in pure form, 01 2) 10 lI\l' 

agents that interact specIfïcally wlth a givcn protcin and II1hlhit Ils funcllOll, whcll \Il Ihe 

presence of other proteins. The Isolation of a prolcin, althollgh {hftïclIlt. IS olten the 

dIrection taken, due to the scarclty of rcagents able 10 spccitïcally mteracl WIlI1, II1111hll 

or disrupt the target prote1l1. 

One of the characteristlc fealures of reecnt dcvclopmenls III l110lecular hlology l'i 

the emphasis on selectivity. notably, the abllity to specilically (hsrupt Ihe IIllracellular 

function of a targeted prote1l1 using an IIllraecllularly expressed single-cham antlbody 

(scFv). This approach has recently bcen shown to <hsrupt the blologlcal actlvlly of the 

human immunodeficiency vIrus type 1 (HIV-I) (Marasco ('/ al, 19<)3). 

Usmg a similar approach, the long term OliJ.:'ctlve of the rc\earch pre:--,clltcd hcrelll 

is to disrllpt specifically the intermediate IiJamcnt (IF) nctwork or cytoskclctoll, and 

eIllcidate what efti~cts this has on the morphology of cclls and thcir ~lgl1al Iran'idllCllOll 

pathways. 

Thus the immediate aim of this research thesls is to c()n~lrllct and expre\\ a full 

Iength scFv aga1l1st IFs. Thi'i work represent'i the fir\t c .. \entlal \Iep toward dl\rllpllllg 

the biologicaJ function of these pt ')tC1I1S by the intraccllular ex prC\\lon of an anIJ -1 F .. c!·v . 
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LITERATURE REVIEW 

'l'lm rcvlew de~cribe\ the structure of IFs and presents a synopsis of their putative 

fllnctlon~. A brief de~cnptlon of antibody structure and functlOn precedes a re'liew of the 

design, dcvelopmcnt and applications of scFvs, focusing on the intracellular expression 

of \cFv'i as specJlîc IlIhlbitors of protein function. 

Intermediate filaments 

Ih arc components of the eukaryotic cytoskeleton. They are major components 

m many cells dnd are most promtnent in vertebrates. Representative species from nearly 

ail invertehrate phyla, as weil as early chordates (Bartnik and Weber, 1989), higher plant 

cells (Hargreaves el (lI, 1989) and Saccharomyce.\ cerevisia(1 (protein MDM 1) contain 

IFs, suggesting that these protell1s are universal compon~nts of eukaryotic cells 

(McC'onnell and Yaffe, 1993). 

Ir proteins share a prominent amino acid sequence which confers structural 

simJ!antlcs, conslstmg of a central heptad-rich "rod" domain situated between a non

lIeptad N-terminal "head" domam and a non-heptad C-terminal "tall" domain (see Fig. 

1). Although dlfferent types of IFs were originally c1assified according to their tissue and 

ccII-type dlstnhutlon, sequencc analysis has justified the distinction of SIX, possibly seven 

dlffercnt classes of IFs. Wlthin each class, indivldual members are defined by the 

sequence of variable domains withll1 the N- and C' -terminal regions. 

The central rod dOlmun falls in two groups. Those, like vimentin, desmin, glial 

2 
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fibrillary acidic protein (GFAP), pcnpherin and neurotilaments, arc c.1pahk of fOfll11llg 

hOlllopolymers. When co-expressed in a ccII, they co-polymeri/c wlth one .lIlothl'l. 

Others, like the cytokeratins, obligatc1y form heteroduplexc~ of an aCldlc and a haslc 

keratin protein (Steinert, 1990). 

The rod domain exists as four Q-hehcal reglons scparatcd hy threc 1 III "'CI s. In IF 

assembly, conserved a-hc1ical central regiolls ahgn in a parallel orientation and w1I1d 

together to a coiled-coil dimer (Fig. 1). Unt!! rcccntly, il was bclicwd that Iwo dIJ1ll'!S 

align lJl an anti-parallel, in-register fashion to l'mm a tctramcr or prolotilamcnl (1;11'.. i), 

considered to represcnt the actual building block of IFs. Steinerl ('1 al ( 1l)9 J) prcscnlcd 

data suggesting that the mechamsm of in VÎlro assembly, and, the dynamlc 11/ \'1\'0 

assembly-disassembly characteristics of kcratin IFs and IFs in gcneral, are llledJaled 

through a variety of small oligomeric species ranging in Sile l'rom one 10 scvc!al 

molecules rather th an protofilaments (Ip Cf al, 1985; Stewart el al, 1989). 

The N-terminal has recently been Implicatcd in the slahll1/atlon (Polschka el al, 

1990) and oligomenzation processes (Traub el al, 1992), whercas the carhoxy-lerllllllal 

tail region appears 10 remain rdallvcly lIlerl (Eckelt el (fI, 1992). The anllparallcl 

arrangement of the two cOllcd-coils ha') bccn rcpmtcd 10 hc, al least ln parI, dcterlllllled 

by the two-fold, symmetrical association of thc amino-Ierl11l1lal head reglOn of one 01 the 

coiled-coil di mer') with the carboxy-terminal halvcs of the a-hellcal rod (/Oll1all1\ of the 

anti-paraIJel coiled-coil dimer (sec fIg. 1). SIInilar intcraction"i occur dUflng filament 

assembly and in the intact filament. Clcarly, the a~socléttion of the rod domalfl\ confer 

the stabihty, undoubtedly reqLllred in IF fUllclion . 

3 
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NH, COOH 
1: .-. -. w rs:.fii ...,-.. en .. _-:J 

1. _.J l _ _ _ __ _----' L _ _ _ _ ....J 

('{ hellcdl r~g,an~ shared by ail ,ntero,ed,atp f,{'mcn!s 

lAi 

IBI 
caoled cool d,mer 

1(---- 48 nm - - - --------- ~ 

«-----21 nm - ~ 

~= •• $ ••• IY 
protof,lament = tetramer of Iwo calied-cali d,mers 

ICI 

Fig. 1. Various units of intemlediate filaments. (A) IF monomer, identifying the 4 
conserved a-helical rcgions common to IFs; (B) coiled-coil dimer mode} fonned by the 
parallel alignment of the a-~le1ica1 rod domains, and; (C) tetramer or proto filament, 
gencratcd by the anti-parallel association of 2 coiled-coil dimers. Reproduced from 
Alberts et al, (198'» . 

4 



• 

• 

• 

Although they have been recogmzed as important constltucnts of thc ~ytoskckton, 

it has only recently been acknowledged that the IIltracclllllar orgal1ltatlon and al,sl'll1hly 

process of IFs is dynamIc, both in intact cclls dllnng mItosi~ and ln ccII cu1t\l1e undl'l 

experimental condItions. Two-dll11cnsional gel analy~es of prolelm l'rom ["PI-lahl'1kd 

cells have revealed that phosphorylated VI1l1ent1l1 is among the 1l1os1 promll1l'nt 

phosphoprotein~ in the cytoplasm (Tsuda l'I11l, 1988). The phosphorylallon or Vlmcntlll 

has been demonstrated to be sIte specltic and reslricled to the 9 kDa N-Ierminal domain 

(Ando ef al, 1989; Gelsler l'I al, 1989; Inagaki el (JI, 1987). ThIS process appl'ars 10 hl' 

involved in the reorganization of the vimentm tïIamcnts. which has hel'n showll 10 hl' 

altered dunng mitosis (Chou el al, 1989; Franke el al, 1984; Evans, 198~). In t~KI, a 

near-amino-term111al no.lapeptIde mOli f, con~erved l'rom amphlblé\ 10 man. locatcd 111 the 

head domain of vlmentin has been reported to he requircd, ll1Hlcr phYSlologlcal 

conditIons, for the assembly of ~oluble <,ubull1ts (Herrmann ('/ al, 1992). 

The dynamÏl' aspects of vimentin and other Ifs during the cciI cycle ha~ bcen weil 

reviewed (Goldman er al, 1991). Viment1l1 has bccn reportcd to he a targel of p34""', 

the catalytic subunit of the mitosis phase promoting factor, whlch is a protcin kinal,e 

having several substrates, including the tumour repres~or, p53. The vimcntlll <'Itl'~ 

phosphorylated in vilro by the vimentin/p34"j,~ kinase have hccn detcrmincd (Chou ('1 (/1, 

1991). Amino terminal phosphorylation ofvimentin by p34"j<', in BHK-21 fïbrohla~ls, 

disperses the protein into nUllleroll~ dI~a<)l)emblcd cytoplasmic aggregatcl). (Jpoll 

dephosphorylation, aggregates accumu)ate a~ a filament cap ncar the surface of the 

daughter nuclei (Chou el al, 1990) . 
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1 

CLASS 

1 

COMMON NAME 

1 

ORIGIN 

1 

SIZE 

1 

REF. 

1 
(kDa) 

-
1 aCldic keratln) ail epltheha 40-60 1 

fi I1cutral-ba~ic ail epltheha 50-70 1 
kcratim 

III vllllcntin mesenchymal & 53 1 
clIltured ccII s 

III des 111 III myogenic cells 52 1 

III glial fibnllary glial cells and 51 1 
acidic protein astrocytes 

(GFi\P) 

IV neurofi lament~ most Ilellrolls 60-70 1 
NF-L 105-110 
NF-M 135-150 
NF-H 

V lamllls nuclear lamina of 60-70 1,2 
at Icast 4 cukaryotes 

, 
VI Ilestin nellrocpithellal 200 

1 

3 
stem cells 

VII(a) tanabln embryonic nèural 192 4 
tissue 

Table 1. Intermccl!ate fIlaments: classes, cellular ongin and molecular weights. 
Rf~fcrcnces; (1) Stcll1crt and Roop, 1988, (2) Dessev ef al, 1990, (3) Lendahl ef al, 1990, 
and (4) HClllmati-Bnvanloll (Jf al, 1992. 

(a) The IF deslgnation glven to tanabin has been based on the size, sequence and 
perccntage ielentity of the a-helical tracts and linkers of the central roel domain, 
and the si7c and sequcnce of the N- and C-terminal domains. Further information 
rcgarding introns and extent of variation that defines the neurofilament family, 
rcmaim. 10 bc a~ccrtaincd. 
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Vimentin IFs form a nctwork wlllch cOllllllunicates with hoth the nllckar l'llvL'lope 

and the plasma membrane. Two functionally distinct sets of Vlmentll1 attachment ~Ites 

have been reported, refJecting a vectorial asscmbly procc~s. StucllCS haw shown that 

vimentin interacts in a cooperative and nonsaturatable fa~hlon \VIth the l111ckar l'l1wlope. 

while under similar conditions. it associates saturahly and noncooperativdy with the 

plasma membrane (Georgatos and Blobel. 1987). One populatIon of slIch rCCl'ptot" IS 

located along the nuclear envclope and comprises polypeptIdes recog.nil.il1g. the carboxy

termmal tail donJain. The plasma mcmbrane contains b1l1ding site,; that Îl1tcract wlth the 

ami no-terminal head domain (Vikstrom el al, 1991). 

Closc similarity in the general structurc of dcsmin and vimcntin heteft'dllllerS to 

that of members of different families of regulatory transcription factor~ has hccn 

reported, suggesting that IF proteins could play a rolc as rcgulator) DNA-blllding 

proteins (Traub el al, 1987; Traub (JI al, 1993). 

There is a considerable body of eVldencc impltcating VI1l1entll1 and other IFs ae; 

factors participating in signal transduction. In fact, IF protcins appear to he 11/ vlIm 

targets for kinases known to be actlvated by second Illcsscngers of hoth thc protCIl1 klllase 

C (PKC) and protein kinasc A (PKA) pathwayc; (Ando (,(1I1, 1991; Cieorgc<.i ('f (II, 19X9; 

Inagaki el al, 1988). Thc assocIation of PKC wlth vimentin and other IIl<,olllhlc celllliar 

fractions has been weil documcnted. The ~tjmlllatlon of PKC hy DAG and Ca" or hy 

phorbol esters was reported ta bc coincident wlth the translocatHln or PKC from the 

cytosolic to the particulate fraction (Kraft and Andcr~on, 19H3). Gopéllakrishna ('( al, 

(1986) reported that activation by growth factors or hormones call~ed redIstribution of 

7 
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PKC tn the particulatc fraction of stimulated cel1s. Immunotluorescence studies 

dcmonl,trated that endogenouli PKC binds to cytoskeletal elements associated with the 

partlculate fraction (lto el al, 1989; Papapadopoulos el al, 1989). 

ft wa'i also ~pcculatcd that, in the PKC signal transduction pathway, the vIInentin 

nctwork functions as a docking site at whlcll PKC Isoforms cncounter their respective 

substratcs. Lipton (JI al (1992) rcported that the homeostatic epithehal radial skeletal 

configuration of microvascular endothclial cells (MEC) IS maintained through primary 

SignaIs, usmg cAM P as a second mcssenger. Follow1I1g trauma, Ca~' -activated post

translational altcratlons of cytoskeletal components Jcad to rapid reorgalllzation of the 

vimcntin cytoskeleton, conform1l1g to the irregular contours of the cell. The unique 

vIlTIcntin-associatcd compartmentalization of Ca~' and PKC was observed 111 this proce.:is, 

sliggesting that viment111 acted as a physlcal substrate in supporting signal transduction 

111 activatcd MEC. The rapld SignaI transduction (lOOms) 111 histannne-stllTIulated MEC 

suggclit'i that thc inhcrent electncal conduction quahtlt's of vimentin may also participate 

III the proccss, as vllllcntin has been shown to bridge the plasma membrane-nucJear 

mcmbrane gap. 

ln support of the observation of PKC localization, Spl1dich et al (1992) reported 

tlle translocation and association of the ,8-isoform of PKC to vimentin following antigen 

activation of rat basophdlc ICllkaelma cells (RBLs), implYl11g that such cytoskeletal arrays 

could serve as speCifie docking sites at which PKC isoforms encounter their re~fJective 

suhstratl'II. The localization of PKC isoforms and their substrates to such formations 

could be a gencral mcchanism to confer specificity to Signal transduction pathways . 
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Vimentm and caldesmon (a cytoske1etal protClI1) have bccn lI11plicated ,1-: I11l'(1I.1hll\ 01 

endothelial ccII contraction through PKC phosphorylation of thcse protC1I1-: (Stase" ('f III, 

1992). 

A possible physiologlcal relationship betwecn the ccII cyril' reglliating I\los 

proteins and vimentin has been reported (BaI ('f al, 1993). c-Mo\ is an Il11portanl l'l'II 

cycle regulator and v-Mos expression induces an altcratlon of VIIl1l'l1tl11 III Il élll\foll1ll'd 

cells, which suggests a possible physiologlcal relatIonship bClwl'CI1 Mos Protl'l1\!'> and 

vimentin. Previolls studies indicated that vimentl11-containing IFs \Vere 1I1volVl'd 111 thl' 

transformation process resulhng in rcorganization of the cytoskekton A change ln Ihl' 

binding pattern of various associated molcculcs to specilic sItes 011 the chromosoml'<;, 

leading to a different pattern of gene sequestratIon and exposure, enslled (Chan ('f (/1, 

1989) . 

Cumulative evidence thus far sllggcsts that IFs are dynanlll: prolcÎn\ Itkl'Iy ln 

mediate a number of cellular functlo'1s. The lack of specifie reagents to dl\rupt Ihelr 

function has hindered a direct study oftheir function in vi\'(). In one <;tudy, an IF speciflc 

MAb was microinjected into 3T3 cells. This lead to the tran<;lent dlsnlptloll 01 Ihe 

vimentin network. The reassembly or rcorganization of vimcntin wa" thOllghl ln he dlle 

to the degradatlon or transport of thc IgG l11olecllle<; (Klymkowsky, 19RI). 

To the present tnne, no attempt to transfect cclh wlth an IIH.llIClble ~cI;v agalll..,t 

these intracellular proteins has becn reported. Such an approach woult! havc, 111 Ihl\ ca..,e, 

the potential of mall1taining an intracelllllar Sery concentration sllltable for continucd 1\; 

disruption, enabling observations to be made relatmg to growth, morphology, protCII1 
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phO"iphorylation and c-!'o.\ expre ...... lon. Thi ... methodology provides a powerful tool for 

targetmg other cellular antigen"i, thus contributmg to a knowledge of truly "ipeclfic III vivo 

proce ...... c"i. 

Antibody structure and function 

Antibodics belong to the family of proteins known as immunoglobuhns. They are 

multimcnc glycoprotell1s whlch may be subdivided into five classes (IgA, IgD, IgE, IgG 

and IgM) according to the types of heavy chains they contain. Prototypic IgG is a 

tctramcr con~lsting of two identical light chains (approxllnately 220 amino acids), and 

twu Idcnl1cal heavy chains (approximately 450 amino acids), bndged by interchain 

(l1sulphide bonds, stabilized by Van der Waals forces and folded to form gl(\bular 

domallls, which are autonomollsly folding units (Novotny et al, 1983). 

Each cham (see Fig. 2) consists of two principle regions. The N-terminal variable 

region (V) and the ('-terminal constant region (C). Light chains contain one V and one 

C reglon. whde IgG heavy chains have one V and three C regions. The variable domain 

of the antlbody (Fv) is generated hy the association of the variable regions of the light 

(VI) and heavy (VII) chains. The polypeptide chains are arranged so that each Ab 

molcculc contall1s two identical antlgen bmdlllg sites. By means of its constant domain 

(Fe), IgG lllohili7es cellular dcfcn~e mechanisms. The attachment of the Fe reglOn to the 

reccptors on many cells of the Immune system triggers various tunctlOns sllch as 

phagocytosls. antibody-depcndent cytotoxicity and the secretIOn of potent mecliators 

(Kinct. 1989). 
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Fig. 2. The ba~ir st ructUI'l' of IgG. The lInlt COll~l)t) of two idcllucal Ilglll poIYPl'llild. 
chains and two identlcal heavy polyreptidc chain.... The ,Ulll110-ll'rll1lflal l'lld 1\ 

characterized by ~equcnce variabllity 111 both the hcavy and Iight ch.ul1<;. Ttll' IIVIlI dl.!"l 

consists of one constant rcgion (Cd, whik the c()n~taJlt portIOn of the hl'avy dldlil 1'. 

divided into three reglons: CIfI, Clf2 and CIfJ. Antlgcn bindlllg <.,Itl'ç; ,HL' forlllcd !ly tk 
association of the variable regions of ünc light and one hcavy chain l~epr()dll(,l'd 1 ri )J11 

Roitt pt al, 1989, 
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Laell V n.:glOn I~ encoded hy two or thrcc dlffcrcnt clements, VI and JI QOll1ing) 

for the Iight chain", and VII' D (dlver<;lty) and 1" for heavy chains. Multiple copies of 

thc~c element~ gencrate a grcat numher of vanants, the number of which increases as a 

rC~lIlt of <;omatlc changes in the indlvldual germ Ime genes (Tonegawa, 1983). 

The vanablc rcglons of cach chain are charactenzed by three areas of 

hypervanahlllty, referred to a<; complemcntarity determmant regions (CORs), which 

altcrnate with Ic~<; vanablc framcwork areas (Kabat et al. 1977; Kabat and Wu, 1978). 

The antigcn-bllldll1g rcgion is compo<;cd of 6 CORs, tluee contribllted by each chain. The 

speciflclty and affllllty of the bll1dmg site are determined by the structure and sequence 

of the SIX CDRs. 

X-ray crystal analyses ofllnmunoglobulms have been carned out on several intact 

anllbodlcs revcahng the structures of typical variable and constant domains. Each has the 

torm of two approximatcly anti-parallel B-shects, connected by a dislliphide bridge 

hetwccn cystclllc resldllcs al conserved positions in the sequence. The strands of the B

sheets arc conncctcd by loops, six loops or CORs - tluee from the VI domain and three 

l'rom the V" domain - form the antlgen binding site. This pattern IS conserved t'rom one 

alltlbody to anothcr, CVCIl tholJgh there IS variation in sequence of the vanable domains, 

notably in the hypervariable regiolls. The less vanable framework sequences determine 

the foldlllg of the variable domam (Alzari et al, 1987; Amit et al, 1986; Clothia el al, 

1985; C'lothm el al. 1986; Clothia l't al, 1989). 

ln mélmmalian ce11s, the heavy and light chains are cotrallslationally translated 

across the mcmbrane and mto the lumen of the endoplasmic reticulum (ER). Like all 
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protems de~tJlled for synthesl~ III the ER 11111l1unoglohuI1m an.' l'1l.ll',ICtl'll/l'd 11\ .In N 

terminal stretch of hydrophobIe al111110 aCld:-.. the '\Igllal ... eqUl'llCl'. In thl' IUIllI'Il l'! thl.' 

ER, several events occur sllch as Il11mlllloglobultn roldlng. rOrl11.\tlOlI of dl'iulphldc hnnd ... 

and the associatIon of Itght and heavy chams II1to hctcro1l1erk' ll1okcuk'i 111 ,lddltlUII tu 

these critical steps. antibodlcli are glycosylated 111 the IUllll.'n of thl' 1 R .Illd (iolgl 

apparatus as they transmit to thc œil surface (Hong and Tang, 1l)l)3) 

Development, Design and Applications of scFvs 

The development of scFv~ rcsllltcd largcly from attcmpt'i to 11II11IO\'l' rlJllll',t1 

applications of MAbs. SIle and antlgeniCIty (mol)t Mi\b<, hcing rodl.'lIt (kll\'l'd) (lf thl' 

native MAb, as weil as that of the protcolytic prodllct'i of the n,ltlve Mi\h, hllldl'rl'd 

many potentIa\ly useful applIcatIOns (Ja1l1, 1987). Uhlcal con<,lderatlon<, halllpl'rl'd the 

isolation of human MAbs, and attempts to sccure stable hybndoma'i from Pl'llpltl'I;t1 

blood lymphocytes provcd dlf/Ïcult due to thc luntted llul11bcr of ccll'i IIlvolv\..'d 111 thl' 

immune response (Borrebeack el al, 1989). 

Imtially, to circumvent thls problem, Mi\b<; wcn~ "hUlIlal1l1l'(\" ()nglllalrltlllll'Ill 

MAbs substttuted human con~tant regiom for l11unne COIl<,tallt rcgIOIl\. '1 he IllllrtIH.: 

hypervariable region was retained, prescrving the bllldlng <'peclllclty of the IllllIlIll' 

antibody (Jones et (1/1986). More sophisticatcd approache<; Icd to the tran\plalltll1g 01 the 

6 CDRs, rather than the whole vanable regtOIl, l'rom the rodcnt Mi\h dlrcclly Inlo Itullléln 

MAb. The new MAb was a~ effectIve as the native rodent MAh wilh rc<.,pcct to eflector 

fUllction; howevcr, bindlng aftïntty was rcduccd (Reich/lléll1n e/ al, 1 <)xX) BoIl! 
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approachc<, cycntually CIlCltcd <,ome degree of antl-idiotype responses (Bniggemann, ef 

al, 1989). 

The fir"t ~cFv was developed by Huston el al (1988). This 26 kDa polypeptide 

compnsed the VII and VI of the anti-digoxm MAb 26-) 0, connected by a 15 aml110 acid 

hnker. X-ray coordinate~ from the 26-10 Fab fragments were computer analyzed to 

dctcnmnc thc dl~tance betwecn thc C tennll111S of the VII and the N teTlmnus of the VI' 

A vOld1l1g both an ordered ~econdary ~tructure a~ weil a~ a tendcncy to II1terfcre wlth 

protCIIl fnlding, aiS residue sequence (Gly-G1y-Gly-Gly-Ser), was designed to bridge the 

deterr11Incd gap. The l:onstruct wa~ assembled from 58 synthetically generated 

olIgollllcleotldes a:ld expressed as a fusIOn protein [(Ieader)-Asp-Pro-vlI-(hnker)-VI] in 

E\("/ieril"lll(J COll, under the control of the f'l) LE sequence (Miozzan and Yanovsky 

1978). Once c1eaved at the Asp-Pro site, the isolated and renatured protell1 exhlbited a 

'ilmilar speclficity for digoxin and a b11ld11lg affinity that was 6 folds lower than that of 

the Fab fragments. 

Several aspects of scFv constructIon, expre~sIOn and applications have been 

11l1provcd lIpon. Olle of the tïrst improvements wlth respect to comtructlon was the 

II1dependcnt introductIOn of the polymerase cham reactlon (PCR) (Salki ef al, 1988). 

Hcretoforc. gcnc" cncoding the V reglons for scFvs wcre assembled from overlappmg 

"ynthcl1c ollgonuclcotidcs of vanous lengths, a process considered to be the rate 1imiting 

~tcp III scFv comtrllctl0n. General PCR mllhods to isolate the V region sequences from 

any im1l1unoglohllll11 sccrcting cell were dcscribed by Larnck el al (1989), Orlanch ef al 

(1 (89) and Song~ivilai ff (/1 (1990). Conserved sequences at each end of the nuc1eotide 
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sequence eneoding the V domain of immlinogloblilins were llscd to dcsign thl' plllllCI~ . 

The 3' primers (VFOR) were constructed l'rom eon5.erved ~eqllcnces wilhlll thl' Fe fl.'glllll 

of the light and heavy chains. Each of Ihese sequences was uniquc and 100 % h01l1ologou~ 

with germ line Fe reglons. The 5' primers (VBACK), designcd u~lIlg Ihe dalah.\ .... e of 

Kabat el al (1983), wcre suitably dcgencrate (implying thal more than Olll.' nllckotldl' 

could eXlst at a partlcular position in the primer sequence), to accommodale dltrl'n.'nl'l'~ 

in sequences. The versatility of databasc de~igncd pn mcrs wa'\ dcmoll'llrated III 

investIgations by Orlandi el al (1989), in whleh an identical scl of primers ~lIccc:: .... fully 

amplified the variable regions of five di fferent hybridoma ccII lines. 

Another refinement focused on hnkcr deSIgn. Critena for linkcr de~i:;11 reqlllrl'd 

that it be long enough to span the dIstance betwecn the VI and the VII III the FV'llructurc, 

flexible enough to allow association of the V reglolls, and ~uitably hydropllllilc. a ... Il 1'\ 

exposed to the aqueous surface of the molcclllc. Several llIlkcr'i have hccn ~ucœ~~fully 

used in scFv constructIon. The 3-dl1TICnsional structurc of the myeloma protCl11 

MCPC603 (Segal el al, 1974) was uscd by Eird e/ al (1988) to mode! Ihe Ilnker, 

EGSKSSGSGSESKST, which was used succes'ifully to Itnk thc VI 10 the VII' The onglllal 

(G4S), Imker has demonstratcd thc mcfulnc<,5. of 5. 111 ail amino acid<; III IlIlkcr dC<'lgn. Il ha .. 

been sllcce~sfully llsed both to Iink the VII to the VI (HlI\ton ('/ al, 19HH; Manl'lCO ('/ al 

1993; Nlcholls et al, 1993) and the VI to the VII (Challdary ('1 al, 19R9; (jlod'lhllbcr ('/ 

al, 1989). One notable linker. a flexIble peptide (28 amino acid\) of a natllrally \ecretcd 

fungal cellulase, was used in the con~truction of thc ~ccretahlc 'icl'v (Takkll1ell (" al 

1991). Despite the succe~~ with differcnt hnker~, binding affil1lty matchmg lhat of the 
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native Ab wa\ diffïcult ta achieve. Several groups reported a reduction in the seFv 

hinding aftïmty, rd.nging from a 2-10 fold reduction (Bedzyk et al, 1990; Bird et al, 

1988; Condra ('( al, 1990; Huston el al, 1988; Pantoliano l'f al, 1(91), comparcd to that 

of the Fab. Rcccntly, enzymatic inverse PCR was llsed to generate a library of seFv 

ml1tant~ III whlch the VI was hnked to the VII by a 15 amino acid peptide of variable 

compositIon, yicldmg a binding affill1ty cqual to that of the native Fv (Stemmer et al, 

1993). 

Severa! different expres~ion systems for scFvs have also been developed. 

Pionecring work III the production of Abs generated by means of recombll1an t techniques, 

involvcd the IIldlvidua! c1onll1g and expressIon of murine heavy and IIght chain genes in 

E. colt. (Boss ('/ al, 1984). ExpreSSIon of complete immunoglobuhn genes took place in 

myeloma celh, whlch appeared to offer the preferred enVlTonment since the transfeeted 

genes were fatthfully transcribed, translated and glycosylated (Morrison, 198"). Wood 

fI al (1985) II1vestlgated the expression of IInmunoglobu!in genes in yeast and 

demonstrated the synthe~ls, processing and secretion of the light and heavy chams; 

howevcr, the efficlency of asscmb!y of soluble MAb was low. The tirst scFvs were 

cxprcs'Icd i Il fl. coll: however, thc proteins could only be produced in non-native state 

as inclusion bodies (Huston ('{ al, 1988; Miozzari and Yanofsky, 1978). Skerra and 

Pluckthun (1988) wcre able to express, in E. co", complete!y fllnctional antigen binding 

fragmcnts of the McPC'603 MAb, having the same aftïnity constant as the intact 

antibody, by linking the VII and VI genes to the signal sequence of outer membrane 

protCIIl A (ompA). ScFvs were secreted thus into the penplasm and did not require in 
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vitro manipulations. More rccently, the pcetate lyase gene (l'dB) frnm /:'rl\'llIi" 

carofOvora has been used for secretion of the seFv into thl~ culture llledllll11 (Ayala ('l al. 

1992; Marks er al, 1991). A major advantage of the use l'If a ~eal'tlon system O\'l'l the 

production of scFvs and largcr llnmunoglobulin fragments as inclUSIon hodles III 1:'. coli. 

is that the secret1(,n of the recombinant protcin insoluble fmm aVOlds the l1l'l'(\ for 

protein solublhzatlon from the isolated inclusion bodies. The latter procedure gl'l1eIally 

results in sOllle 10ss of actlvity. 

Novel PCR applications have rcsulted ln \11cthodologies which have expctbted and 

Improved serv construction (Davi~ el (fI, 1991; Horton ('1 lIl, 1989), largc1y throllgh the 

elimination of the need for a 3-piecc VII - linkcr - VI hgation. Single-cham antllmdy 

technology is associated with an abllndancc of othcr applIcatIOns ranging trom c111llcal 

uses to catalytlc funetions. The devclopment of scFvs has ~ignitïcantly Icdl1ccd threL' 

hurdles associated with the dinical or thcrapeutic lises of MAbs or thclr traglllel1t~: 1) 

potential toxicity cau~cd by the circulation of lInbound, llncleared radwlahd Icd MAh\ 

(Colcher el al, 1990), 2) inability of MAbs to pcnctrate large tU\l101lr ll1a)se~, (Milenic 

el al, 1991; Yokota('l al, 1992), and 3) appcarance ofhllman al1tHllOll'le Ah ... ("lI~t()n 

el al, 1993). 

ScFvs have been modified to bccome immunotoxlIls, recomhll1allt protein\ III 

which a toxin is linked to either the amino terminw, or carboxy tcrl1lil1l1~ of the ~d'v 

(Batra et al, 1990(a); Challdary er al, 1990; Condra f/ al, 1 <j:)O). The 1I"il! of a ~cFv 

interleukin-2 fusion protein to target IL-2 activity to cells of the immune \y\tcm 111 the 

area of tumours, has been the focus of recent work (Savagc er al, 1993). Catalytlc )cI'v~ 
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have al~() demon~trated potential (Gibbs el al, 1991; Hilvert el al, 1989; Iverson and 

Lcrner, 19H9; Tramontano CI al, 1986; Schultz, 1989). Efficient in vivo expression of 

functional catalytic licFvs cou Id target selective chemical transformatIons, such as 

complcmentatlon of a deficient metabolic pathway (Bowdish el al, 1991). 

Intracellularly expressed scFvs Œ inhibitors of protein funetion 

The ~lratcgIC~ deslgncd to c1iminatc thc fllnction of a single prote1l1 without 

rclying on gcnctlc alteratlons in It~ ~tructure or 1cvel of synthesis, have been based on 

the induciblc cellular expression of a neutralizing anttbody to selectively inactivate the 

protein. EVIdence demonstrat1l1g the abllIty of micro1l1jccted MAbs to indllce phenotypic 

eff<~cts 111 vi\'(} have bcen reportcd. The introduction of MAbs specitie for the oncogenic 

v-Ki-m.\ protc1l1 1I1to cells transformed hy this protein, induccd a translent reversion of 

the ccll<i to a normal phenotype (Feranl1Sco el al, 1985). Affinity purified anti-actin 

Mabs, whcn microinjceted II1tO XCI/Opus: oocyte nllclei, perturbcd mitotie spindle 

formation (Rungger-Brandle (J'al, 1979). In an experiment particularly gcrmane to this 

project, anti-If: MAbs were able to transiently disrupt the IF network, re~lIlting in the 

collap~e of the 1 F Ilctwork onto the Ilucleus (Klymkowsky, 1981). 

The modc1 ~ystcm selected to test the feasihllity ofinduclble MAb expression was 

the ycast cI17yme alcohol dehydrogel'1~e (1\ D H), due to ilS comprehensive 

charactcri 7alion (Jornall, 19i'7) and the existence of three characterizcd neutralizing 

MAbs agamst the ADH actlvlty (Carlson and Weissman, 1988). Carlson (1988) was able 

to confer SOIllC degrcc of allyl alcohol reslstance lIpon yeast 1I1 vi\'(}. Isolated heavy and 

18 



• 

• 

• 

Iight cDNAs, from which signal sequences had becn remowd ln cmure ~ylopl,I"ll1lC ... · 

location, were expressed concomitantly, in diamctric orientatIon, lllH.lcr thl' conllOl of a 

galactose inducible promoter. This resllltcd in the synthe~is of ~tahlc l1l'<I"Y- .1I1d light

chain polypeptides, with an ensuing limited degrce of I1clItralilalion III 1'1\'0. 

Other specitie cellular compartments have bccn targeted a~ locatloll sites for 

independently expresscd antibody cha\l1s. Bioeca cf tif (1990) suh~\Ill1tcd Ihe hydlOphohic 

amino aCld core of the signal pepttde for sccretion wilh hydrophillic resldllc .... rl'\lIltlllg 

in the association of the mRNA to frcc (as opposcd to bouml) polysol11e~. The ~all1e 

group suhstituted Ihe signal peptide wilh the nuc1ear localinllon ~Igllal of the lalge T 

antigen of the SV40 virus, leading to the nuc1ear localr:tation of the heavy and lighl 

chains. 

The addition of the ER KDEL retention peptIde (Lewis and Pc1 ha III , 1 <)92) 10 a 

scFv recognizing the gp120 HIV-I cnvelope protcln, securcd the co-location and 

subsequent interaction ùf the seFv with the preCllrsor gp 160 in the ER (Mara<;co ('/ al, 

1993), marking the first example of the dtSruption of an intracclllliar mcchal1l<;111 hy a 

scFv. Direct binding of the scFv to gp160, which i'i normally cleaved III the El< 10 yrdd 

gp40 and gp 120, was postulatcd to bc the cause of reduccd gp 120 cxpre<;\ioll and 

diminished ViruS partlcle infcctivity. A ~imllar invc~tlgatlon Wé\'i unuerlakcll III pianI,>. 1\ 

constitutively exprcssed scFv against a plant viru\ rC'Iulted ln the reductlol1 of lIJ1cctioll 

incidence and a Jelay in symptom devclopment. Il wa,> 'Ipceulatcd that thi'l phellotype ...vas 

the result of the scFv binding to the Ca~' binding sitcli on the coat protcln, ab()ll~hing a 

critical step in the uncoating of the virus or in the asscll1hly of progcny vint'> 
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(Tavladorakl (JI lIl, 1993). Flrck el al (1993) reported an accumulation of functional scFv 

protcln in the ccII wall continuum (apoplast) oftransgenic plants following transformation 

wlth a ~cFv gCfl(,!, ,,>uggesting that Il may be feasible to use plant synthesized scFv 

proteins \0 pertmb the activity of extraceIJular!y located antigens as an approach to 

gcncratc pathogcn rcmtant plants. 

Clearly, the information presented in this review establishes scFvs as potent 

agents for the dl~rllption of targeted II1tracellular systems. The construction of an anti-IF 

scFv will reprcsent the first step 111 addressing the function of these proteins. 

MATERIALS AND METHODS 

Reagenls 

Ti~sllc cul turc supplics and antibiotics were purchased from Gibco BRL (Grand 

Island, NY) and Hyclone (Logan, UT). Bacterial medIa supplies were furnished by Difco 

(DetrOIt, MI). The TIB 131 hybndoma ccl1line was purchased Froll1 the Amcrican Type 

Culture Collection (Rockville, MD), and DHSa E. col; were purchased From Gibco. 

Plasmid expression (pRSET) and cloning vectors (pCR'" 1000 and pCR1M)H, accompanied 

by JMI09 and InvaF' E. coli strams respectively, were purchased from Invitrogen (San 

Diego, Ci\). RNi\7ol B was purchased from Cinna/BlOtecx Lf\boratories International 

Inc. (HOUlitOI1, 'l'X) and the RNA "Fast Track" kit was furnished by Invitrogen. RNAsin 

ribonuclealic IIlhibitor and Muloncy Munne Leukat.'11ta Virus (M-MLV) reverse 

transcnptase \Vere purchased from Gtbco. Oligonuc1eotides were synthesized by either 
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Institut Armand Frappier (Laval, Que.), Sheldon Biotcchnology (l\tontlcal. Quc.) or tht' 

Ontario Cancer Institute (Toronto, OnL). PCR reagcnts were nbtained fwm PloJllcga 

(Mndison, WI) or Pharmacia (Uppsala, SW'(l,'I1) and the PCR rcartlOI1 was pcrti.111l1cd 

on a GeneAmp 9600 Perkin Elmer Cctus Thcrmocyclcr (Norwal". CT). J<..opHlpyl-t~-J)

thio-galactopyranoside (1 PTG) and 5-bromo-4-cholor-3-l11dol yl-I\- J) galartopyranmldc (\:

GAL) were purcha~ed from ICN Blomcdlcals Canada (MI~~I'\'\al1ga. Ont.) DNA 

restriction enzymes and T4 ligase were purchascd l'rom dthcr (ilheo. Pwtnega or 

Pharmacia. DNA was punficd from agarose gels llsing a Scphagla'\ BandPrl'p Kit trom 

Ph~rmaeia. DNA tcmplates were seql1cnccd l1Sl\1g cither a Scqucna.,c Il "it (l Jll1tcd St.th:s 

810chemical Corp., Cleveland, OH) or a Pharmacla T7 Sequcnc1I1g "II. Al1l~ot()pc'\ were 

purchased from Dupont-New England NucIear (Boston, MA), and alltoradiography wa\ 

performed lIsing X-OMAT AR2 film (Eastman Kodak, Rochester, NY) . 

U\trapure SDS-PAGE and Western blot analysis rcagents wcrc prodl1cts 01 Blo

Rad Laboratories (Anaheim, CA), as were protcin molcclliar wcight stal1dard~. 

Nitrocellulose for protein transfer was supplied by Alllersham International (Amcr~ha1l1, 

England) as were ECL Western blot dctection rcagcnt~. Bovlllc scrum alhumcn (BSA) 

used for blocking was slIpplicd by BDH Ine. (Toronto, Onl.). Hor~cradl:~h pcroxlda\c 

conjllgated goat-anti-mollsc IgG was supplicd by Glbco. Mcthlol1l1lc-frcc rahblt 

reticlIlocytc lysate-based coupled-transcnptionl tramlation n:agcnls, WCIC \upplied hy 

Promega (Madison, WI). Protealie 1l1hlbltor\ werc purcha\cd él\ t"ollow\; 

phenylmethyl~ulfonyl fluondc (PMSF), a-macroglllhllltn ami pcp~tatin lrom Bodmngcr 

Mannheim Canada (Laval, Que.), leupept1l1 from [eN Blochctnlcal\ (Cleveland, OH), 
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I~DTA From BDH and EGTA From Sigma (St. Louis, MO) . 

Apparatl Ilsed for SDS-PAGE was supphed by Hoeffer (San Francisco, CA); 

\cquencmg wa\ pcrformcd on a Stratagene (La Jolla, CA) Base Ace, and; DNA gel 

clectrophorel,l~ was exccutcd on BIo-Rad sllb apparatus. 

Pla..,midç and E. coli strains 

Plasmids pCRIMlOOO and pCR™II, designed for cloning PCR products, were in 

the fmm of a TA Cloning Kit (see Appendices A and B). Plasmid pCRI\IIOOO (version 

1.1) was used initially to clonc the VII' Due to difficulties encountered with sequcncing, 

VI was c10ned mto thc J111proved pCR1\'II (version 1.3). Both systems take advantage of 

the non-tcmplate dependent activity of thermostable Taq polymerase used 111 peR, that 

add smgle deoxyadenosines to the 3' end of aIl duplex molecules. These A overhangs are 

lIsed to insert the PCR product either TA cloning vector, which provides single 5' T 

ovcrhangs at the insertion sItes. The prokaryotIc expression vector, pRSET is a PUC

dcrivcd expression vcctor designcd for high level protCII1 expressIon and purification 

l'rom c10ncd genes in E. COll, although the sequences codll1g for the purification option 

were remove,j for our purposes (see Appendix C). This vector is propagated in an E. coli 

strall1 wl1Jch does not contain the 1'7 polymerase necessary for expression. Infection with 

an M 13 phage contall1l11g the 1'7 RNA polymerase gene driven by the E coli lac 

promolcr, induccs expressIon of the recombinant protein. 

T\Vo standard E. coli strains were used for transformation, DH5a and InvaF'. 

JM 109 was ll~cd 111 expression experiments. Bacterial cultures were generally propagated 
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in LB broth or on LB agar (15% agar) sllpp1c\11cnted with tht' appropllatl' antllmHic 

(amplcillin 100 /.Lg mL I or kanamycin 50 jJ.g mL I
). Unless otherwise statcd. ail antihlotic 

resistance selection was achieved using the aforc\11cntioncd C()nCl'ntratlOn~. Transforml.'<1 

JM 109 cultures were maintained on M9 1l111limal mcdia ar,ar plates, sllpplementl'd ",ith 

thiamine (0.5%) and amplcillin. SOC broth wa~ lIsed for scFv cxpres,ion ln JM \()l). 

Tissue culture and cell lysaJe preparation 

Murine hybridoma (ATCC TIB 131) and human Iymphoma (('EM) l'l'Ils wCle 

cultured lt 37° C in a 5% CO, hllmidilicd atll1osphcre, in Dclbecco's Modlfled I-.agle 

Medium (D-MEM) supplemcntcd wtth 10% [etaI cal f scrum (characteri/cd). The 'l'lB 1 J 1 

hybridoma secretes an IgG I MAb which reacts with ail cla<;scs of IFs (Prl1~s c/ al, Il)X 1). 

It was generated by the fusion of the mouse mycloma lille NS-\ wlth spleen cells from 

C3H/He mice whlch were immunizcd with hllman CiFAP. Il IS nolcworthy Ihal the 

myeloma fusion parent, the nOlllmllllll1oglobulilHccreting myelollla ccii IlIle, P.1/NS 1-

Ag4-1, derived From Balb/e mye10ma P3 (Kohler c/ al, 1976), exprcs.,es, hut doc., not 

secrete, a kappa chain. Hybridoma ~lIpcrnatanl was u<;ed after .1 clay., 01 eultuflllg. 

Total cell Iysatc l'rom human IYlllphoma rEM cells (a gin from Dr. W. Beek al 

St. lude's Children's Rescarch Hospital, Memphis, TE) wa<; prcparcd !rom ccll~ in log 

growth. Briefly, 1.0 x 107 cells wcrc washcd 3 IlInc., in ICC cold PHS and rc.,u.,pended 

in 2 X Laemmli samplc bllffer (0.123 M Tris-HC'I, pH 6.8, 4(YrJ SDS, 20% glyccrol, 

10% 3-mercaptoethanol) contailllng protcal;)c mhlbitor<; (2 mM I~J)TA, 4 mM UiTA, 4 

mM PMSF, 2 J..LM leupcptin, 2 /.LM pcp<;latin, 0.2 U mL I a-macroglo!Jullll). The Iy<,ate 
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wa~ pa\\cd 15 times through a 255/8 guage needlc then centrifllged to pellet insoluble 

particlcl) (JO min., 4°C, 16,OOOg). An cqllal volume of sterile water was added to the 

Iy~ale supcrnatant, which was subsequently boiled for 5 min. and stored at -20ne until 

used. 

SDS gel eleclrophoresis and Western blotting 

Altquots of CEM total ccli Iysate (0.25 x !OI' - 0.5 x lOt; cells) were resolved on 

a 10% acrylamide gel as described by Laemmli (1970). Fractionated proteins were 

visuali/cd by silvcr staining as described by Harlow and Lang (1988). For Western 

hlotting, resolvcd protCIJ1S of a determined cell number were transferred to a 

nitrocellulose mcmbrane (Hybond-C) as described by Towblll el al (1979). The 

mcmbranc was blockcd overnight at 37°C with a 3% solutIon of BSA in phosphate 

buffcred saline (PBS) containing sodium aZlde (0.015 M), then exposed (overnight, 4°C) 

10 a 1 :25 dilution (5 % powdered Carnation skim mllk in PBS and 0.015 sodIum azide) 

of either TIB 131 supernatant or D-MEM, or 5% milk alone. Followlllg three PBS 

washcs, al: 1000 dilution of horseradlsh peroxidase conj ugated goat-anti-mouse IgG: 5% 

milk (PBS) was llsed to probe the membrane (2 hr., 25°C). Following three PBS washes, 

the mcmbrane was patted dry, washed in ECL Western blot detection ~ ~"agents for 1 

I11m., cxposed 10 film for 1 min. then developed. 

RNA isola/ion and reverse transcription 

Total RNA was extracted from 2.5 X 107 late-Iog phase TIB 131 hybridoma cells 
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as described by Chomczynski and Sacchi (1987) llS1I1g RN AloI B. Spcct fllphoton1l't 1\\' 

analysis 0.260) revealed a concentration of J J.LghLL, and a )..'w/Â.,,,,-\ ratIo of 1. 74. Flr ... t 

strand cDNA synthesis for the VII PC'R ampli tication was ha ... cd on a protol..'ol hy 

Sambrook et al (1990). A 20 ~L reaction mixture containing 10 ~Lg or total RNA, ~)o 

J.LM dNTPs, 50 pmoles of oligo-T primer, 5 mM MgCl~, 15 mM KCI, lU ml\t '1'11-;-11('1 

(pH 8.3), 20 U RNAsin ribonucleasc inhibitor and 50 li M-MLV rCW''>l' tran ... cnpta ... e. 

was incubated at 37"C for 60 min., 75"C' for 5 111111. and 10"(' lor 10111111. 

For the VI' a "Fast Track" mRNA isolatIOn kit was lIsed. 1 :Irst strand synlhesl'i 

protocol differed somewhat from that llsed for the hcavy chain. 1\ 20 ILL rcacllOIl volume 

containing 1 /-Lg mRNA, 40 U placental ribonuclcasc inhlbitor, 50 plllolr-; (11);,0-'1' pli 111er, 

0.1 M dithtolthreitol, 50 U M-MLV rever5C transcriptase, 5x huffcr and 200 mM tlNTP" 

was incubated at 37"C for 60 min. and at 95"C for 5 m1ll .. 

PCR and cloning 

Amplification of the VII with thermostable Toq polymera~e, wa,> perlofllH:d 111 a 

50 J.LL reaction volume, containing 4 J.LL of the cDNA reaction, .100 l'mole,", l'ach (lI thl' 

VIIFOR1 (5'- TGG AGC TGT TTT GGC - 3') and VIIBACK 1 pn\11l"'> ( 5' 1\(,(; 

T(C/G)(C/ A) A(G/ A)C T(G/T)C TCG AGT ccrl A)G - 3') (Orlandl ('f ,,/ 1 <)~N, and 

Sastry el al, 1989),200 J.LM of each dNTP, 2 mM MgCl~, 10 mM TrI'> \ICI (pli H . .1), 

15 mM KCI and 5 U Tuq polymcra~c, whlch wa,> 511hjcct to 40 rol1nd~ of ll:llIperaturc 

cyc1ing. A cycle consisted of denaturatlon at 94') C - 1 min., annealll1g al J7" (' - 1 mlll., 

e1ongation at 72° C - 2 min .. An extcndcd clongation period (72" C - JO min.) cO/llplcled 
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the reactlon. 

AmplificatIOn of VI was carried out as prcvlOusly descnbed wlth the following 

cxccption~: 200 J..LM of cach dNTP, 1 U Taq polymera~e, 3 J.t.! of the cDNA product and 

50 pmoles of VI FORI (5'- TGG TGG GAA GAT GG - 3') (Hamlyn ('t al, 1978) and 

VI BACK 1 (5' - GOT CGA CCG A(C/T)A T(C/T)G T(G/C)C TN A CNe AAT CNC 

CAG C - 3') (Huston el al, 1989) were used. It should be noted that amplification with 

an 18 nt pnrner (5'- ACC ACG TCG TAG TCG GGC - 3') immediately 5" to the latter 

sequence fai:ed to amplify the target region. 

As prcvlously statcd, the two PCR products were ligatcd into dlffcrent versions 

(1.1 and 1.3) of the pCR TA c10nmg vector. Ligation reactions were cxecuted according 

to the recommended 1: 1 to 1:3 molar ratio of vector: PCR product, lIsing 50 ng of the 

vcctor per rcaction. Specitïcs of the reaction were followed as described in the 

manut~lctllrer's protocol. Competent E. coll were transformed and plated on lB agar with 

kan~lInycll1 and X-GAL (0.4 mg ml l
). Selected white colonies were lIsed to 1Il0culate 3 

mL of LB broth containing kanamycin. The cells were incubated overnight at 37°C In a 

gyratory shakcr-lIlcubator. Plasmid DNA was isolated using an alkaline Iysis lllcthod as 

de~cnhed by Sambrook el (// (1990), with the addItIon of a final precipItation us;ng PEG 

and NaCI. 

DNA sequence determina/ion 

Double stranded dideoxynuc1eotide chain termination seqllencing was performcd, 

bascd on the method descnbed by Sanger et a/ (1977). Sequences of both the heavy and 
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• 11ght chains were determined llsing the MU Forward (5'-(iTA AAA C(iA C(i(i ('CA 

GT-3') or MI3 Reverse (5'-CAG (IAA ACA GCT ATC AC-Y) pli,l1l'r\ OI1l' VIl l'll l lll' 

and 6 complete and 5 partial VI clones were scqllcnL'ed (sec RFSlIl TS). '1'1.111\1.111\111\ (lt 

the sequences were compared to GenBank amino aCld '-teqIlCI1L'l'" (L'OlllpUI.ltIOll pt'I t'llllllt'd 

at the NCB! lIsing the BLAST network service). 

Modification of the V H and VI, 

Moditïcations ofboth variable reglons were l1elT~\ary l'or thl' folloWlllg Il''I\Olh, 

1) two distinct light chains were being amplificd by the PCI{ rcactiol1 (\l'l' RI'SIII '1 S) 

and it was necessary to enrich for the one beheved to be th.lt rCl'ogllllll1g Ih, .\Ill! 2) no 

VII restrictIons sites, sllitable for the con~tructlon of a \ch werc prc "L'Il 1 

• Modification of the v! 

Given that two distinct light chains wcrc bcing amplified by Ihe l'CI{ rc.lcllOIl (\lT 

RESULTS), selection for and modificatIon ofantl-IF VI wa\ perforlllcd 1I\IIIg IllcolI)!lnal 

VI BACK 1 primer and a new J'primer: 

Ana 1 !<tg ~~ __ 

VI FOR2 5' - GGG CCC ACC cre CAA AGT ATT M,ei (,('TA(,(' (i'l'I '1('(' M,(' 

TTG GTC CCC CTC -3. ThiS ncw primer incorporatcd l1uckollde\ codlng lor a I,l)!, a 

P-glycoprotein epitope (PNTLEG), recoglllled hy the ('494 MAB (jcorgC\ (" (/1, 1 ()()() , 

a gift from Victor Ling, O.C.I). ThIS primer look :ldvantagc of Ihe addilionai W ha\c\ 

present at the 3' end of only the Cla~~ II clone. The J'end of V, H>R2 wa\ 

complimentary to the positIons 313-333 of the Cla~\ " VI ~cqlll:n<..e. Ali Nhd '>lle wa<, 
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• Jn\crtcd bctwccn the VI and the tag in arder ta render the vector and tag amenable ta 

acccptJng other ~cFv\. The Apal relltrictlon site was redllndant for use in the pRSET 

vcctor. ft had ongInally bccn Includcd for the scFv Insertion into another plasmid. PCR 

wa\ pcrformcd a'l prevlollsly de~cnbed for the VI' using newly reverse transcnbed 

cDNA. The l'CR product ofanticlpatcd slze was excIsed from a 2% agarose gel, purified 

accordlllg t() manufacturcr\ dIrections, then ligated into pCRI\fIl as prcviollsly described. 

Tramfarmation, plasmid purification and sequenelng procedures were repeated. 

ModijicaJ;{}n. .. of lhe v!! 
Two new PCR primers were designed. The new S'primer, 

Nde 1 SaIl 

VII BACK2 S' - CAT ATG GAG GTC CAG CTG CAG GAG l'CA GGA CC -3' 

Ineorporatcd an MIe 1 ~ite for insertion mto the pRSET expression veetor and an in frame 

• tramlatlOn <,tart ~ite. The new 3' primer VIIFOR2 5' - GTC AGT CGA CTT AGA TTC 

GGA ACe AGA Ace GGA AGA C AA GeT TGA GGA GAC TGT GAA AGT GGT 

Gce TTG -3' wa'i complllnentary ta positions 343-364 of the VII' eoded for a flexible 

linkcr (SSSLSSGSGSESKST) and mcluded an overlappmg 3' SaIl site to link to the VI' 

Amphlicatlon wall carried out as previously desenbed, using the new pnmers and the 

original pCRI\flOOO-V Il plasmid as the tcmplate. The PCR product was run on 2% 

agaro~c gel and vl~ualized wlth ethid1U111 bromide. 

Construction of the scFv 

A diagrammatic representation of the procedure used ta construct the scFv in the 

pRSET expression vector is shawn in Fig. 10. DIgestion of two plasmids, pCRl\fII-V, 
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containing VI' and the expression pRSET. as well as the VII PCR modificatIon pwdul't 

took place in 50 /-Ll reactlon volumes. A total of4 /-Lg of PCR"'II-V, \\a'i dlgl'stcd (J Ill., 

37°C) with 20 U SaI l, precipitated with 1/5 volume 7M NH~(,H,('OO and ~ volumes 

100% ethanol, washed with 1 ml 70% ethanol, dncd, then digestcd \VIth 20 li Fm RI 

(3 hr., 37° C). ln a similar fashlon, 4 /-Lg of pRSET were <ltgl''itl'd wIth 20 \J Eco, then 

20 U of Mie 1 and f1l1ally, 1 /-Lg of the VII PC'R product wa~ dlge~tl.'d with 20 li Sill , 

anù 2.0 U of Mie 1. The dige~ts were run on a 2 % agarose gel (with etlmhulll hro1\m!l:) 

and the appropriate bands were eXC'lsed and puntied. The ylcld~ of the puntïed DNA 

were estimated to be approximately 500ng for each preparatIOn. 

A 20 ILL triple ligation reactlon containcd approxl111atc1y 100 l'moles nt dlge'itcd 

vector, 35 pmoles of each in~ert (VII and VI)' ligation butTer, and 1 li '1'4 llga'ie 

(overnight, ISo C). Competent DH5a cclls were transformed wlth 10 ILL of the Ilgatlo1\ 

reaction. Colol11es were randomly ~elected for plasmid puriticatlon, and thme pla'inl1d~ 

appearing to contal11 an 1I1~ert, upon visualizaiion on a 1 % agaro~e gel (result~ nol 

shown), were dige~ted wlth the appropnate rcstrictlon clllymc~ to dctcrmine whethcr thcy 

were candidate~ for ~equence venlÏcallon. Four pla'ill1lds werc I,clccled for ~cquenclllg. 

Ali four appcared to be candldatc~ for a full Icngth I,cFv, and aIl four were lI'ied 10 

transform JMI09 cclls, for ma1l1tenancc on 1111 Il lin al ~alt~ agar wllh tI1l<\l1111IC (O.') (Yi,) and 

ampicillin. Clone I8a was ~electcd for cxprc~I)\On cxpcrrmcnt\. 

scFv expression 

The pRSET prokaryotlc expression vector wa'i u~cd tn cxprc<)1, the I,cl-v. Il 
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~ontaJns a T7 promoter from whlch the recombmant protein can be transcribed. Once 

mfectcd wlth the M 13 phage, whlch carries the T7 polymerase gene under control of the 

Ille promotcr, P' cells (lM 109) transformcd with the pRSET-scFv provide the 

cnvironment for protcm synthesis from the T7 transcnbed RNA template. 

Following manufacturers instructions, the phage stock accompanying the kit was 

tÎtered (8 X 101<) prul mL). To mduce expression of the recombmant protein, IPTG (1 

mM final concentration) was added to a 50 mL culture of log phase transformed JM109 

(OD~(/) = 0.3) cc1I~. These were II1fected after 1 hour (OD~f<I= 1.0) wlth 5 pfu/cell. One 

mL sal11plcs were rel110ved at 1.5 hr. IIltervals, centrifuged (4 mll1. 16,000g), the 

supcrnatant rcmoved, and the pellet frozen at -2CY' C. When ail the time points had been 

collectcd, the pellets wcre resuspended in 100 ILL of 0.5 M phosphate buffer, then 

subjected to tlucc freeze/thaw cycles between a dry ice/methn01 bath and a water bath 

of 42° C. The samples were centrifuged (10 mm., 4° C, 16,000g). An equal volume of 

2x Lac 111 1111 i sal11ple buffer contain1l1g previously mentioned protease inhibitors, was 

added to the extracted supernatant, and the remaining pellet was resuspended in equal 

amounts (200 ,uL total) of 0.5 M phosphate buffer and 2x Laemmli buffer, and passed 

15 limes through a 25518 gauge needle. AH samples were bOlled 5 min. then stored at -

20°C. 

A 20 ,uL volume of each time point of both the supernatant and pellet preparations 

wcre rcsolvcd on two separate 10% acrylamide gels as previously described. Half of each 

gel was stalllcd wlth Coomassie blue. and the other half used to transfer the protems to 

a nitrocellulose membrane for Western blot analysis using the C494 MAb . 
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The TNTf\' T7 Coupled Rcticulocytc Lysate System was used to expre~s the scFv 

under eukaryotic conditions. The protocol accol11panying the manufactlllW's instructIons 

were followed. The 50 J.LL Iysate reactlon containcd the TNT rabblt rctll'ulocyte Iysate, 

reaction buffer, T7 polymerase, al111110 aCld mIxture minus methlOnl\1c (1 \111\1), "S

methionine (l,OOOCI 11111101 1
) at 10mCI mL 1 (translatIon grade), RNaslIl Ilhonuckasl' 

inhibitor (40 U J.LL 1), 1 J..Lg pRSET-scPv plasmid DNA conta11111lg the '1'7 plOtnoter, and 

nuclease-free H~O. The reaction was incubated at .:mo C for 90 min. A '2 J.LI. aliquot wa~ 

removed and resolved on a 10% acrylamide gel. 

RESULTS 

MAb production by TIR /3/ Hybridoma celL~ 

TIB 131 MAb binding to IF prote1l1"> in CEM cells was detcrmined by Westeln 

blot analysis. Figs. 3 and 4 illustrate the SDS-PACiE rC'iolutlon of tolal (,I~M œllly~ale 

in Laemmli sample buffer (see METHODS). The rcsolvcd prolclIl\ were l'llhl'r 'irlver 

stained, to de mon strate the heterogeneolls population of proteins 111 ('LM ccll~ (hg. J), 

or transferred to a nitrocellulose membrane and probed wlth a 1 :25 dilullon of hybridoma 

supernatant (Fig. 4). The Western blot results (Fig. 4) in lane,,> 3 and 4 (0.25 x 1(1' ccll~ 

and 0.5 x 106 cells respectively) dcmomtrate a ">pccifïc binding of 'l'lB 131 MAil 10 él 51 

kDa protein. CEM cells are of me,,>enchymal origin, and a\ sllch producc vlllll'nlin (51 

kDa). The ccli Iysate resolved in lanes 1 and 2 (0.5 x !O(' cclI,,» wa<; prohcd Wllh a 1 :25 

dilution of D-MEM media (without TIB 131 MAb) or wlth a second antibody 
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Fig. 3. Total celllysate of CEM cells. Molecular weight markers in kDa, are shown on 
the left. Lanes 1 and 2 contain the sil ver stained Iysate of 0.5 x 106 and 1.0 x 106 CEM 
cells respectively. 
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•• 
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Fig. 4. TIB 131 MAb binding to vimentin in CEM ceillysates. (A) SDS-PAGE and 
Western blot analysis of CEM total celllysatt:. Molecular weight standards Ifl kl>a, arc 
shown on the left. Lane 3 contains 0.25 X 1()6 ceUs, lanes l, 2 and 4, contalll O.S X 10" 
cells. A band of 53 kDa. corresponding to the molecular weight of vimcntlll, 1') vl~lblc 

in lanes 3 and 4. No bands are visible in lanes 1 and 2, which were rc')pcctivcly cxposcd 
to a 1:25 dilution of D-MEM:5% milk and the second antibody (horseradi~h IJCroxlda~ 
conjugated goat-anti-mouse IgG), and the second antibody only. Ali lanes were cqually 
exposed to al: 1000 dilution of the second antibody and dcveloped simultaneollsly wlth 
ECL Western blotting detection reagents. 
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(hor~cradl\h pcroxida')c conjugated goat-anti-mouse IgG), respectively. No 53 kDa 

pmtcl/1 band wa') detected under these conditions in Lanes 1 and 2 of Fig. 3. Taken 

togcthcr, thc~c rcslllt~ confirm that the TIB 131 hybridoma cells produce, as expected, 

an IF specifie MAb (Pruss l't al, 1981). 

Isolation and cloning of TIB /3/ variable domains 

The variable hcavy and light chain rcgions of TlB 131 MAb were isolated by 

l'CR lIsing FORW ARD (VFOR) and BACK (VBACK) primers. The VFOR primers for 

the IgG hcavy and IIght chains were complementary to ) 5 and ) 4 nuclcotide sequences 

respectivcly, 1/1 the antibody constant reglons. The VBACK primers encoded the first 21 

and 34 nuclcolidcs of the hcavy and IIght chams, respectivcly. Following a PCR reaction 

lIsing Iwo appropriate pnmcrs, the products of the amplifIcation reactions were resolved 

on a 2% agaro\c gel and vlsualllcd with elhldlllm bronllde. The results in FIg. 5. show 

two DNA fragmcnt') of approxlmately 360 bp and 345 bp for TAHP4 heavy chain and 

TIBNLl IIght challl fragment" respectively. The molecular sizes of both the TAHP4 and 

TIBNLI DNA fragments werc consistent wlth the expected sizes of the VII and VI 

domallls, takll1g into account the positions of the VFOR primers. Moreover, the obtained 

Si7CS of VII and VIOl' the TIB 131 MAb were consistent with previolls reports using a 

similar approach (Orlandi (If al, 1989~ Sa~try et aI, 1989). 

'1'0 identify the 1111c1eotidc sequences of the 356 and 345 bp PCR fragments. 

a!Jquots of the above ampliiïcation reactions were ligated directly into PUC derived 
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VHUACKI .... 

B 

360 

....... 
VIIFORI 

TIB 131 cDNA 

Fe 

506, 517 

298 345 
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VLHAl'Kl 

~ Fl' ..
"I.FO;'II 

506, 517 

396 

298 

Fig. 5. Isolation of 'l'lB 131 MAh variable c!ol11ain" u~1I1g PCK. (A) Dlagr:!lll.IIK 
representation of the amplification of the TlB 131 variahle reglon" l'rom a cDNA 
template. Using peR, chain speclfic H)l{WARD and RACK primer!; ampllfll'd heavy 
and light chain variable regions. (13) Amplificd vanable regionl, of the TIB 1 .~ 1 IH:avyand 
light chams were re~olved on a 2% agarosc gel. Lanes BI and CI 'ihowappnlXllllatcly 
360 bp and 345 bp fragments, whlch encode the variable c1omallll, of the heavy and I1gh! 
chains of the TIB 131 MAb re~pectively. S17e~ of selec:ted tragmcnt~ of a 1 kh ()NA 
ladder are indicated on the right. 
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pla<;mid." two vcr~lOn., of the TA cJoning vcctor (sec METHODS). Double stranded 

DNA from two TA clonc~, TIBNLI and TAHP4 wcre prepared by alkaline lysis 

cxtraction (sec METHODS) and ~cqllenccd u.,mg M13F and Ml3R primers. Double 

stranded ~equcncll1g of cach clone (l'AH\'4 and TIBNLl) lIsmg M13F and M13R pnmers 

was slIfflclcntly long ~ueh that an overlapping of the nucleotides was obtained from these 

tlanking pnmcrs. The nuclcotidc ~cqucnces for each of the two clones were entered, 

aligncd and translated uSlIlg thc DNASIS computer program (Pharmacla). The sequence 

idcntity of the J56 bp and 345 bp DNA fragmcnts as VII and VI was established by 

comparison to othcr IgG ~eqllen(eS in the GenBank database. FIg. 6 shows the complete 

nllcleotldc and élIlllllO aCld translatcd sequcnces of VII and VI ofTIB 131 MAb. The VII 

translatIon contalllcd the two con~erved cystell1e rcslducs at positions 22 and 95, and the 

translatIon wa<; cntm~ly III frame; howcver, the 3' end of the VI translatIon appeared to 

contaJJ1 a framcshift in framework 4. Thl~ was considered to be a potential problem for 

seFv blllding givcn that the fraIl1cwork rcgions fllnction to positIon the CDRs in the 

antigcn hindmg domain. I\lso, the gener~I1y conserved cysteine resldue at position 26 was 

belicved to have 1l111tated to a tyrosll1c residuc, pos~ibly as a PCR artifact. GenBank 

eompanson, however, revealed that the tyrosIne resldue is present in this position in a 

fcw munnc kappa chams (plT/JL0073, plr/PN0446 and plr/S24288). 

'1'0 dctcrminc if the observed frame shift in VI sequence was due to cloning or 

peR amplifIcation, an additional 10 VI clones werc sequenced. Five complete (clones 

2,."'.4,7 and 8) and 5 partial (data not shown) sequences were obtained, the DNA 

sequence of the complete clones, although sllnilar to the previollsly sequenced VI clone 
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A 
VHBACK1 

1 CAG GTC CAG eTG CTC GAG TCA GGA CCT GGC CTG GCA AAA CCT TCT 45 
1 Q v Q L L E S G P G L A K P S 15 

46 CAG ACT CTG TCC CTC ACC TGT TCT GTC ACC GGC TAC TCC ATC ACC 90 
16 Q T L S L T C S V T G Y S l T 30 

91 AGT GAT TAC TGG AAC TGG ATC CGG AAA TTC CCA GGG AAT AAA CTT 135 
31 S D y W N W l R K F P G N K L 45 

136 GAG TAC ATG GGG TAC ATA AAC TAC AGA GGT AAC ACT TAC TAC AAT 180 
46 E Y 11: G Y l N Y R G N T Y Y N 60 

181 CCA TCT CTC AAA AGT CGA ATC TCC ATC ACT CGA GAC ACA Tec AAG 225 
61 P S L K S R l S l T R D T S K 75 

226 AAC CAG TAT TAC CTG CAG TTG ATT TCT GTG ACT ATT GAG GAC ACA 270 
76 N Q y y L Q L l S V T l E D T 90 

271 GCC ACT TAT TAT TGT AGA AGA CTG GGG TCC TTC TAC TTT GAC TAC 315 
91 A T Y Y C T R L G S F y F D Y 105 

VHFOR1 
316 TGG GGC CAA GGC ACC ACT TTC ACA GTC TCC TCA GCC MA ACA ACA 360 
106 W G Q G T T F T V S S A K T T 120 

361 GCT CCA 366 
121 A p 122 

B 
VLBACK1 

1 GTC GAC CGA TAT CGT GCT CAC GCA ATC GCC AGC TTC CTT AGC TGT 45 
1 V D R Y R A H A l A S F L S C 15 

46 ATC TCT GGG GCA GAG AGG GCC ACC ATC TCA TAC AGG GCC AGC AAA 90 
16 l S G A E R A T l S y R A S K 30 

91 AGT GTC AGT ACA TCï GGC TAT AGT TAT ATG CAC TGG MC CM CAG 135 
3l S V S T S G y S y M H W N Q Q 45 

136 AAA CCA GGA CAG CCA CCC AGA CTC CTC ATC TAT CTT GTA TCC AAC 180 
46 K P C Q p P R L L l Y L V S N 60 

181 CTA GAA TCT GGG GTC CCT GCC AGG TTC AGT GGC AGT CGC TCT GGG 225 
61 L E S G V P A R F S G S G S G 75 

226 ACA GAC TTC ACC CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCT 270 
76 T D F T L N l H P V E E E D A 90 

271 GCA ACC TAT TAC TGT CAG CAC ATT AGG GAG CTT ACA CGT TCG CAG 315 
91 A T Y Y C Q H l R E L T R S E 105 

316 GGG GAC CAA GCT GGA AAC AM ACG GGC GGA TGC TGC Ace AAe TGT 360 
106 G D Q 

VLFOR1 
A G N K T G G C C T N C 120 

361 ATC CAT CTT CCC ACC G 376 
121 l H L P T 125 

Fig. 6. Nucleotide and deduced amino acid sequences 01' the variable region, of the 
heavy and light chains of TIB 131 hybridoma cells. (A), Vif and (B), VI' Nucleotides 
within the amplification primers are underlined. 
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(Fig. 6B) wal, noticcably distmct. Thus two di~tinct kappa chains were being amphfied 

by the ~me PCR pnmers. Intcrestingly, only the original TIBNLI clone was unique. 

The abundant clone (lOin total) wa~ arbitrarily de~ignated the Class 1 clone, and the 

unique clone, dc~tgnatcd Cla'i'i II. The complete sequences of 5 complete VI Class 1 

c1onc~ aligncd wllh the original Class Il clone (TlBNL 1) are shown in FIg. 7. Since the 

P3-NSI/I-Ag4-1 myeloma cells were used In the ong.1I1al fusion protocol (Kohler et al, 

1976, Pruss ('f al, 1981), the obscrved second kappa chain, other than that of the TIB 

131 kappa chain, wOllld appear 10 be that which tS cndogenously expressed, but not 

excrcted, by the P3-NSI/I-Ag4-1 myeloma cells. 

A decision on which of the two classes of the murine IgG kappa chain is likely 

to encode the TIB 131 light cham was based on the fact that continuolls culturing of the 

mycloma cells would Itkely re'mlt in a higher nlll1lber of point mutations, as was found 

among the Class 1 clones. Thus, the Class 1 clones were deslgnated as representative of 

the cndogenollsly cxpres'ied myeloma IIght chain, and the singular Class II clone was 

preslllllcd to be the excretcd and functlOnal anu-IF kappa chain. 

Modification of the VII and VL 

ModificatIons to both the isolated variable regions were necessary due an apparent 

J' rrameshllt in the VI (arollnd amino acid 106) as weil as the absence of sllitable 

rc~triction c10nmg sites in the VII' This opportllnity was taken to ex tend the VII into a 

VII - linkcr hybrid, suitable for connecting to the VI' 

38 



• 

• 

• 

CLONE2: GACATCGTGCTCACACAATCACCAGCTACTTTGGCTGTGTCTCTAGGGC 
CLONE3: GATATCGTGCTCACGC;',ATCGCCAGCTACTTTGGCTGTGTCTCTAGGGC 
CLONE": TTTATCGTGCTCACACAATCACCAGCTACTTTGGCTGTGTCTCTAGGGC 
CLONE7: GACATCGTGCTAACACAATCTCCAGCTACTTTGGCTGTGTC'l'CTAGGGC 
CLONE8: GATATTGTCCTAACGCAATCACCAGCTACTTTGGCTGTGTC'l'CTAGGGC 
TIBNL1: ~ATATÇGT~CTÇAC~CAATC~CCAGCTTCÇTT~GCTGT~TCTCTGGGGC 

CLONE2 : AGAGGGCCACCATCTCCTGCAAGGCCAGCCAAAGCTT'rGATT ATGAT
CLONE3 :AGAGGGCCACCATCTCCTGCAAGGCCAGCCAAAGATTTGA'l''l'ATGAT
CLONE" :AGAGGGCCACCATCTCCTGCAAGGCCAGCCAAAGCTTTGA'r'l'ATGAT
CLONE7:AGAGGGCCACCATCTCCTGCAAGGCCAGCCAAAGCTTTGATTp m GAT
CLONE8:AGAGGGCCACCATCTCCTGCAAGGCCAGCCAAAGCTTTGATTArGAT
TIBNL1:AGAGGGCCACCATCTC~T~CAGGGCÇAGCAAAAG=T~TÇA~TAÇ=ATç 

CLONE2: -GGTCC-TCA-TC-TATGC--TGCATCCAATCTAGAATCTGGGA'rC-
CLONE3:-GGTCC-TCA-TC-TATGC--TGCATCCAATCTAGAATC'l'GGGA'I'C-
CLONE":-GGTCC-TCA-TC-TATGC--TGCATCCAATCTAGAATCTGGGATC-
CLONE7 : -GGTCC-TCA -TC-'I'ATGC--TGCATCCAATCTAGAATC'l'GGGATC-
CLONE8 : -GGTCC-TCA -TC-TATGC--TGCATCCAATCTAGAA 'l'C'l'GGGA'l'C-
TIBNL1:TGG=CTAT=AGTTATATGC~CTG~ATCCAA=C=AGAA~CÇAGGA=Cb~ 

CLONE2:CCAGCCAGGTTAAGTGGCAGTGGGTCTGGGA-C-AGACTTC-ACCCTC 
CLONE 3 : CCAGCCAGGTTAAGTGGCAGrrGGGTCTGGGA -C-AGACTTC-ACCC'l'C 
CLONE" : CCAGCCAGGTTAAGTGGCAGTGGGTCTGGGA -C - AGAC'I"l'C - A ccc'rc 
CLONE7:CCTGCCAGGTTAAGTGGCAGTGGGTCTGGGA-C-AGACTTC-ACCCTC 
CLONE8:CCAGCCAGGTTAAGTGGCAGTGGGTATGGGA-C-AGACTTC-ACCC'T'C 
TIBNL1: CCTCCCAGACTCC-T==CA=TGTJ.\TÇTTGTATCÇA=ACÇ'I'b_GAbTCTg 

CLONE2: 
CLONE3: 
CLONE": 
CLONE7: 
CLONE8: 
TIBNL1: 

CLONE2: 
CLONE3: 
CLONE": 
CLONE7: 
CLONE8: 
TIBNL1: 

AA--CA-T-CCA--TCCTGTGG-AGGAGGAGGATGCTG-CA-ACC-TAT 
AA--CA-T-CCA--TCCTGTGG-AGGAGGAGGATGCCG-CA~ACC-CAC 

AA--CA-T-CCA--TCCTGTGG-AGGAGGAGGATGCCG-CA-ACC-CAC 
AA--·CA·"T-CCA--TCCTGTGG-AGGAGGAGTATGCCG-CA-ACC--AC 
AA--CA-T-CCA--TCCTGTGG-AGGAGGAGTATGCCG-CA-ACC-CAC 
~GGTCÇCTGCCAGGTTC~GTGGÇAGT-GG=GTCTGG-G~CAQACT~CAG 

-T--ACTGTC-AGCACATTA-GG--GAGC-T--TACA-CGT-TCGGAGG 
-T--AATGTC-AGCAAA-GAA--ATGAGGATCCT-CA-CGT-'l'CGGAGG 
-T--ACTGTC-AGCAAA-GAA--ATGAGGATCCT-CA-CGT-TCGGAGG 
-T-AAATGTC-AGCAAA-GAA--ATGAGGATCCT-CA-CGT-'l'CGGAGG 
-T-AAATGTC-AGCAAA-GAA--ATTGAGGATCTTCA-CGT-TCGGAGG 
ÇTCAAACATCÇATCCTGTGGAGGAGGAGGATGCG-CA~CÇT~TTACTG-
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CLONE2 : GGGGAC-CA--AGCTGAAAATAAAACGGGCTGA'l'GCTGCACCA----
CLONE3: TGGGJ.\C-CA--AGCTGGAGCCGAAACGGGCTGATGCTGCACCA----
CLONE4:TGGGAC-CA--AGCTGGAGCTGAAACGGGCTGATGCTGCACCA----
CLONE7:TGGGAC-CA--AGCTGGAGCTAAAACGGGCTGATGCTGCACCA----
CLONE8:TGGGAC-CA--AGCTGGAGCTGAAACGGGCTGATGCTGCACCA----
TIBNL1:TCAG=CACATTAG==GgAGCTACACGTTCGGAGGGGGACCAAGCTGGA 

CLONE2:---------------------------------CTGTATCCATCTTCC 
CLONE3:---------------------------------CTGTATCCATCTTCC 
CLONE4:---------------------------------CTGTATCCATCTTCC 
CLONE7:---------------------------------CTGTATCCATCTTCC 
CLONE8:---------------------------------CTGTATCCATCTTCC 
TIBNL1:AACAAAACGGGCTGATGCTGCACCAACCCCCCCCTGTATCCATCTTCC 

CLONE2: CACCG 
CLONE3 : CAC CG 
CLONE4: CACCG 
CLONE7: CAC CG 
CLONE8: CACCG 
TIBNL1: CACCG 

Fig. 7. Aligned Ilucleotide sequences of 6 selccted clones of the variable region of the 
light chain. Clones 2,3,4,7 and 8 represent the Class 1 hght chain. TIBNLI represents 
the Class 1\ light cham. Dlfferenccs among Class 1 sequences are designated by bold 
print. Differences between Class 1 and Class II sequences are indicated by a line under 
the TIBNLI sequencc . 
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PCR Modification of VH 

A PCR rcaclTon \Vas performcd IlS111g Iwo ne\\' pn1l1c,,, V IIBACK2 and VIIH )R~, 

which modificd the N- and C -lerm1l1i of the VII cham. The VIIFOIC \\ .P; (,l) IlUl'kotldc" 

long and its sequence cncodcd for a SSSLSSCiS(iSESKST 11I1~l" ln ,Iddltlon to ,I ~. Sol 

1 to overlap wlth the 5' SaI 1 ~ite 111 the ~eql1ence of the VI dl.lIt\. l'hl' VI BA( 'K~ \\'.t" 

32 nuc1eotidcs long and inc1udcd a vcctor compatIble Mie l "ite .lt the 5' cnd. follmwd 

by an translatIon start sIte. Followlng the PCR rcactlon a band of atll'\pù·tcd ""l' 01 ~l)X 

bp was visllahzed on a 2 % agarose gel as ~hown III hg. Xa. l'hl' prmluct wa" (hgl'"tl'd 

wlth MIe 1 and Sol l, reliolved on a 2% agaro~e gel. excllicd. puntil'd. thl'n hg.ltl'd, wllh 

the VI 111tO the digested (Mil' 1 - Eco RI) pRSET exprcslilon vcctOl. 

Modification of VL 

A PCR reaction was performed IlSlIlg thc origll1al VI BACK 1 pn IlICI and 1 hl' Ill'W 

VI FOR2 primer, the latter of which Incorporatcd a ... 1 X amino <lCld peptH.Ic tag (\lNTI ,H i) 

recognizcd by the C494 MAb ralsed againl)t P-glycoprotelll (George ... and Ling, 1l)(J1). 

Following the PCR reactlon a band of an cxpcctcd size of approxlIllately 37'5 hp wa ... 

visllalized on a 2 % agarose gel as shown ln Fig. Sb. ThIl) l'CR prodllet, wlllch wa ... 

hgated il1tO PCRl\fIl, as previously descnbed, Ylcldcd thc 'ic(jucnce ..,hown III hg. (J. The 

translation of the sequence confJrll1cd that thc tyrminc rCl)ldue n wa ... prohahly thl' 

correct one (rather than a PCR artl fact). The II1corporatlon of thc tag elllnll1ated the 

premature stop codon (a consequence of the apparent fralllc ... hlft) at thc Y end of tlle 

chain . 
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A 

506, 517 
345 ~398 

B 

..... _ 506, 517 

375 

f-Ig ~ Modification of VII and VI terrnim lI\ing peRo DNA l'rom VII and cDNA (for VI) 
were <,cparatcly ampltfied ll\ing new primer~ to allow for the modification of the VII 
l('rm1l11 ,md the addition of a Imker peptide hctwccn the VII and VI domains. Lanes A2 
and BI <,ho\\' the 39R bp and .175 hp fragment.;, amplttïed \ .... ith thc V IIBACK2 - V IIFOR2 
and VI BACK 1 - VI f-()l{:2, re<,r}Cctive1y. The PCR products were resolved on a 2 % 
agarO'>l' gel SI IL''> of sclectcd fragmcnb of a DNA laddcr are indicated in lanes Al abd 
B~ 
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VLBACK1 
1 GTC GAC CGA TAT CGT GCT CAC GCA ATC GCC AGC TTC CTT AGC TGT 45 
1 V 0 R Y R A H A l A S F L S C 15 

46 ATC TCT GGG GCA GAG AGG GCC ACC ATC TCA TAC ACG GCC AGe MA 90 
16 l S G A E R A T l S y R A S K 30 

91 AGT GTC AGT ACA TCT GGC TAT AGT TAT ATG CAC TGG AAC CAA CAG 135 
31 S V S T S G y S y M H W N Q Q 4S 

136 AAA CCA GGA CAG CCA CCC AGA CTC CTC ATC TAT CTT GTA Tce MC 180 
46 K P G Q p P R L L l Y L V S N 60 

181 CTA GAA TCT GGG GTC CCT GCC AGG TTC AGT GGC AGT GGG TCT GGG 225 
61 L E S G V P A R F S G S G S G 75 

226 ACA GAC TTC ACC CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCT 270 
76 T 0 F T L N l H P V E E E D A 90 

VLFOR2 
271 GCA ACC TAT TAC TGT CAG CAC ATT AGr. GAG CTT ACA CGT TCG GAG 315 

91 A T Y Y C Q H l R E L T R S E 105 

316 GGG GAC CAA GCT GGA AAC ÇGT AGC GGT AA TACT TTG GAG GGT GGG 360 
106 G 0 Q A G N A S P N T L E G G 120 

361 CCC 363 
121 p- 121 

Fig. 9. Nucleotide and deduced amino acid sequences of the moditicd VI of thl' TII~ 
131 hybridoma. Nucleotides within the amplification primcrs arc underlmcd . 
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Construction of the scFv 

The ru]) length anti-IF 756 bp scFv construct consisting of the VII and VI joined 

hy a 1 i nkcr of 15 ammo acids, and followed by a peptide tag recogmzed by the C494 

MAb, Wélli IIgatcd into the Nde 1 and Eco RI site~ of 1he pRSET expression plasmid (see 

MATERIALS AND METHODS, p.28) as shown in FIg. 10. The fulliength construct 

wa<; tlankcd by a nbo<;omal binding site and an ATG start site 5' to the VII sequence. The 

pRSr ~T al <;0 contained a stop codon 78 lluc1eotldcs from the C494 MAb tag located at the 

J' cnd 01 thc ~cqllencc (IICC Fig. 9). Following the ligation, the DH5o: bactena were 

tran~rorl11cd with pRSET-~cFv plasmid and plated on LB plates wlth ampicillin. Viable 

hactcrial colonies wcrc selccted and propagatcd in LB medIa with ampicillin and plasmid 

DNA wa<; Isolatcd from cach clone. Of the 54 clones selected for plasl111d extraction, 

whcn resolvcd on a 1 % agarose gel, 4 clones appeared to contain an insert of the 

cxpccted sile of approx i mately 750 bp. DigestIons of these fOUf clones Ylelded fragments 

of cxpcctcd sizcs, as ~hown 111 lanes 2, 3, 4 and 5 111 Fig. Il (clone l8a is shown), 

indicating that the two variable regions were in the desired order in the vector. Partial 

sequcnce analysis of the fOUf clones confïrmed that the variable regions were in the 

correct oncntatioll. The complete sequence of clone 18a, the putative scFv appears in 

FIg. 12. 
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VHBACK2 

• 
vu 

Nde 1 

T7 promotcr 
Nde 1 

VLUACKI 
~ 

... VIU'OR2 

pRSET expression 
vector 

VL dlNA 

E'-'(I lU 

.... \'LF()R2 

terminatioll 

Fig.IO. Construction of an anti-IF scFv. Variable regions of the heavy and hght chains 
from the TIB 131 MAb were arnplified and modified lIsing peRo An MIl' 1 re~tTlction 
site was incorporated into the 5' end of the VII to make it compatible with the \élmC sile 
in the vector. An Eco RI site, convenient for c10ning into the pRSET vector, wa~ alrcady 
present in the TA-VI plasmid. The two variable rcgions and the pRSET pla~mid werc 
digested with the appropriate enzymes, thcn 1 igatcd to rorm the pRSET-'icl·'y . 
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Ndel 
A 

r 

8 

3,054 

1,636 __ 4 

1,018 

506,517 
396 
298 

c 

1 

Hindlll Sali 

pRSET plasmld 

2 3 4 5 

Eco RI - IJ/Ild III - 390 bp 
f.co RI - Sa/I - 360 bp 
Nde 1 - Eco RI - 800 bp 
SaIl - Nde 1 - 400 hp 

EcoRI 

6 

Fig. 11. Restriction pattc!rll of pRS ET-~cFv clOI1t' 18n. (A) Restriction map of the 
pRS}-<.T-~L'Fv plasl11id. The solid line represent5 the ~cl-'v, and the brokcn line depicts the 
pRSET \'l'L'tor. Restriction sites ale indlcatcd. with cxpccted fragment sizes êlppcaring on 
the nght. lB) l:thl(Îll1111 brOI1l1dc·stallled agarose (2%) gel electrophoresis of restriction 
dlgC\b of ~c h clone 18a. Si7es of sclcctcd fragmcnts of a 1 kb DNA Jadùer appcar on 
the Idt L..îne 1 l'Ollldill" the 1 kh ladùer. Douhle restrictIOn digests appcar as follows: 
Jane 2. Jlind III - Eco RI: Jane J. /:'co RI - SaI 1 ~ Jane 4, Mit' 1 - Eco RI; lanc 5, Sali -
Nde 1. llndigcstcd clont' 18a appears in 1a11e 6. (C) Expectcd sizes of digest fragments 
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VHBACK2 
1 CAT ATG GAG GTC CAG CTG CAG GAG TCA GGA CCT GGC CTG GCA AAA 45 
1 H M E V Q L Q E S G P G L A K 15 

46 CCT TCT CAG ACT CTG TCC CTC ACC TGT TCT GTC ACC GGC TAC TCC 90 
16 P S Q T L S L T C S V T G Y S 30 

91 ATC ACC AGT GAT TAC TGG AAC TGG ATC CGG AAA TTC CCA GGG MT 135 
31 1 T S D y W N W' 1 R K F P G N 45 

136 AAA CTT GAG TAC ATG GGG TAC ATA MC TAC AGA GGT MC ACT TAC 180 
46 K L E Y M G Y 1 N Y R G N T Y 60 

181 TAC AAT CCA TCT CTC AAA AGT CGA ATC TCC ATC ACT CGA GAC ACA 225 
61 Y N P S L K S R 1 S 1 T R D T 75 

226 TCC MG AAC CAG TAT TAC eTG CAG TTG ATT TCT GTG ACT ATT GAG 270 
76 S li N Q y y L Q L 1 S V T 1 E 90 

271 GAC ACA GCC ACT TAT TAT TGT ACA AGA CTG GGG TCC TTC TAC 'l'TT 315 
91 D T A T Y Y C T R L G S F y F 105 

316 GAC TAC TCG GGC CAA GGC ACC ACT TTC ACA GTC tee tea a~e ttg 360 
106 D Y W G Q G T T F T V S S L 120 

361 tet tee g~t t~t g~t t~e gaa tet aag teg aet GTC GAC CGA TAT /t05 
12l S S E S K S T V D R Y 135 

406 CGT GCT CAC GCA ATC GCC AGC TTC CTT AGC TGT ATC TCT GGG GCA 450 
136 R A H A 1 A S F L S C 1 S G A 150 

451 GAG AGG GCC ACC ATC TCA TAC AGG GCC AGC AAA AGT GTC AGT ACA [t95 
151 F R A T 1 S y R A S K S V S T 165 

496 TCT GGC TAT AGT TAT A';G CAC TGG AAC CAA CAG AAA CCA GGA CAG 540 
166 S G y S y M H W N Q Q K P G Q 180 

541 CCA CCC AGA CTC CTC ATC TAT CT1 GTA TeC MC CTA GM TCT GGG 585 
181 P P R L L 1 Y L V S N L E S G 195 

586 GTC CCT GCC AGG TTC AGT GGC AGT GGG TeT GGG ACA GAC TTC ACC 630 
196 V P A R F S G S G S G T 0 F T 210 

631 CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCT GCA ACC TAT TAC 675 
211 L N 1 H P V E E E D A A T Y Y 225 

VLFOR2 
676 TGT CAG CAC ATT AGG GAG CTT ACA CGT TeG GAG GGG GAC CAA GCT 720 
226 C Q H 1 R E L T R S E G D Q A 240 

721 GGA AAC GCT AGC cer MT ACT ITG GAG GGT GGG GCC 756 
241 G N A S P N T L E G G P 252 

Fig. 12. Nucleotide and deduced arnino acid sequences of the complete ,cFv, dCl'ivcd 
from the TIB 131 hybridoma. Nucleotides within the terminaI amplification primers are 
underlined; the linker appears in lower case letters, and; the C494 cpitopc tag I~ shown 
in italics . 
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Expression of Ihe scFv 

To delllOll\trate the expression of the scFv construct into a full length protein, 

JM 109 cclls cO/1taining the pRSET-~cFv were infected with the M l3 phage for 0 - 6 hr. 

Given that the pRSET plasmid contain\ the T7 promoter from which transcnption may 

occur, and that the JMI09 stralll doe~n't express T7 polymerase, it was necessary to 

provlde '1'7 polylllera~e to II1duce transcriptIon of the scFv. Infection by the M 13 phage 

providcd the T7 polymcrase. The results in Fig. 13 show an IncrementaI expression of 

a protCIIl of the predicted 1l10leclllar slze of 28 kOa, which IS recognized by the C494 

MAb. The expre~'ilon of the scFv protcin was estimated to be less than 1 % of the total 

bacterial pn'\tcin~. Lane 1 represents Tn, before the additIon of IPTG to the culture, a full 

hour before induction of expression. Lanes 2,3, 4 and 5 represent TI~' T30 , T 4 \ and T60, 

whcre the sub'\cnpt \l1<\)cates the tllne (111 hours) after JM 109 infection by the M 13 

phage. The ineremcntal expressIOn of a protein of the expected welght of 28 kDa, and 

which IS recognized by the C494 allti-PNTLEG MAb wouJd suggest that the scFv 

construct is bcing expressed, and that It is likely to be expressed in frame. 

ln vitro scFv expression 

To further conflrm expression of a full Iength scFv encoding the TIB 131 scFv 

ellcoding protcin. a TNT III \'IIm expression system was used to translate the DNA insert 

in the pRSET-~cFv clone I8a. The results in Fig. 14 (Lane 1) show a translated protein 

with a mokcular mass of 28 kDa. The size of the translated protein is in agreement with 

the prcdictcd Si7C of thc hght and heavy chain variable domains. In addition, these results 
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A 1 2 3 B 1 234 

80.0_ 
49.5 .. ; •• ,-..Il 

--, ... -
'H~ 

_.~ 

32.5 
49.5_ .... ," " 

l·rJ!!~ .... -...... ~ -, ---.... H~'" 27.5 
.. - ....... 

32.5_ -" 

,r~y~: lIIr. 18.5 
27.5_ - - 6.5 

18.5_ • '<.l'( I~ 

Fig. 13. scFv expression in JMI09 E. coli. (A) Transformed (pSET-serv) JM 109 ccII 
lysate stained with Coomassie blue. Molccular weight standards in kDa are shown on the 
le ft. JMI09 bacteria were infected with the Mt3 phage eontail1lng the T7 polymcra~c 
gene, necessary for transcription of the scFv from the T7 promotcr. Samples wcrc 
removed at 1.5 hour intervats. A 20 J,.LL aliquot of the solubllilCd (with 2x Laemmlt 
buffer) lysate pellet sampte of To, T. and T~, was resolvcd on a 10% acrylanude gel, as 
shown in Janes 1, 2 and 3 respectively. The subscript indieates the tllne (Ill hours) after 
infection. Lane 1 represents To, the sam pIe taken 1 hr. befl're M 13 infection. (Il) SDS
PAGE and Western bJot analysis of scFv expression in E. coli, Molccular wClght 
standards in kDa are shown on the left. A 2n uL aliquot of the Iysate supc:-Ilatant (with 
2x Laemlli buffer) sampJe of each time point was resolved on a 10% aerylamide gel. 
Lane 1 represents To, the sample taken 1 hr. before M13 infection. Lanes 2, 3,4 and 5 
represent TI s, T10' T., and T6o• The blot was probed with the anti-tag C494 MAb. Ail 
Janes were equally exposed to al: 1000 dilution of the horseradlsh peroxidase conjugated 
goat-anti-mouse IgG and developed simultaneously wit' j ECL Western blotting dctection 
reagents. The incrementaJ expression of a protein of the expected weight of 28 kDa, and 
which is recognized by the C494 anti-PNTLEG MAb would suggest that the scFv 
construct is being expressed, and that it is likely to be expressed ln frame. 
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confïrrn prcvlOus results in Fig. 13 (Lanes 2, 3, 4 and 5) which suggest that a fu1l1ength 

scFv prolcin has bccn synthcsized and is ln frame, as demonstrated by the C494 MAb . 
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49.5 

32.5 

27.5 

18.5 

Fil. 14. Autoradiograph or SDS·PAGE resolution of the eukaryotlcnlly translllted 
scFv. A 2 ",L volume of the rabbit l'eticulocyte Iysate reaction, which incorporates f'SJ
methionine into translated proteins, was resolved on a 10% acrylamide gel. Molccular 
weight markers appear on the left. A bdnd of the expected moler.ular wcight is visible 
al 28 kDa, suggesling that the scFv is bcing expressed as a full length construct. 
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DISCUSSION 

ln thls stl'dy wc have constructed a single-chain monoclonal antibody using PCR. 

The choice of the VFOR pnmers sequence was based on Kabat analySlS of 3' sequences 

for con\crved alll1l10 aClds. The VBACK pnmers encoded a hnker sequence codll1g for 

a 15 am1l1o acid pcptide (SSSLSSGSGSESKST) and an epltope tag for the VII and VI 

chal11s respectlvcly. Thc Identification of two cla~scs of VI sequences (Classes 1 and II) 

IS consistent with the pre~encc of an endogenollsly expres'ied kappa light chain by 

P3/NS I-Ag4-1 mycloma cclh. Intcrest\l1g1y, 1 0 l~olatcs encoded the Clas~ 1 sequence 

wlllch was dtffercnt l'rom the Class Il exprcssed kappa light cham. A major difference 

betwccn thc two classcs was the presence of a 30 bp in'icrt (in Class Il) not found in the 

Class 1 sequcnces. In addition, the Class 1 sequcnces were ldentlcal, except for the 

presence of a nlll1lber of p01l1t mutations. Based on the frequeney of point mutations 

wlthin the Class 1 hgh~ chains, which 15 hkcly to rcsult from the contmuoliS clilturing of 

P3/NS I-Ag4-1 mycloJl1a ce11s, It was assllmed to represent the endogenolls non-secreted 

kappa chain. 

The rcsllltant 28 kDa prote1l1 as demonstrated by the expression of the cloned 18a 

encodlllg for TIB 131 scFv uSll1g IPTG mdllction and an in vitro translation system is 

conslstcnt with the construction of a full Icngth seFv. In faet, given that a 28 kDa protein 

15 dctccted hy Western blottl11g with the C494 MAb (the MAb tag introdllced at the 3' 

cnd of the ~cFv construct), this prcdicts the in framc Iigation betwecn the VII-linker and 

VI sequences. Furthcr stlldies will determine the binding specitïcity and affinity of this 

scFv towards IF protcins. If the results of these studles dcmonstrate similar binding 
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specificity and affinity to the native IgG TIB IJ l, th en the 18a sl'Fv con~tlllct will hl' 

introduced into a cukaryotic vector and transfcctcd into JTJ l'dis. 'l'hl' stahk' 

transfectants of scFv which will be Isolated. WIll he l'xal11111ed for 11101 phlllllgIC.i1 and 

growth characteristics wh en the antl-IF sery is cxpresscd COl1stitlltlVely 01 IIlduclhly 

Initial1y, the integrity of thc IF cytoske1cton will be exalllllllxl (U'illlg the ('..lQ4 MAil 

against the tag on the anti-scFv) when high 1evcls of anti-IF seFv .uL' l'Xpll'S~l'll. The 

observed changes Hl the 1 F cytoskclelon WIll bc comparcd \0 Ihosc sccn whcn the natlvl' 

anti-IF wali micro-inJected into 3T3 eclls and \cd 10 a transÏl:nl collapsc of tlll' 1\; 

network. However, in that study, the collapse of the Il; nctwork had no lo,tket 011 the 

microtubule or microtïlament networks (Klymkowsky, 1981). ThiS lattl'r tindlll!! 1\ 

interesting since it has been postlllatcd that the IF netwOl k II1terads wilh Illlcrolllhuil'\ 

and microfiJament nctworks. Furthermore, the know1edgc gaincd from the \l'IectlVl' 

disruption of the IF cytoskelcton would hkcly II1crea~e our llndcrstalldlllg ot thl' 11/ \'11'0 

raie these proteins play in mammahan cclls. 

The avmlabllity of an agent. slIch as a functlonal antl-IF ~cFv, able to ~pecIllcally 

and directly induce the disruption of the IF nctwork wOllld hc parlicularly lI~cllIl, 'iIIlCC 

there are no other agents able to achievc thls. SOl11e sl11all-molcclIlar-wcight cOIl1(>ollml'i, 

however, do exert inllucnce on IF organization, but the Illcchanl'iJl1 of tlm. proccs'> 1\ 

unknown. Moreover. constitutlvc or induciblc cxr,c~~iol1 of an <11111-1 F scFv would have 

a decisive advantage over injection of largcr MAb variant'i. SlnCC ~tlldie~ have IIHlIcated 

that the IF network recovers From induced collap'ie berme any 'iignitïcant ohscrvatl()l1~ 

relating to the phenotype can be made (Emerson, 19XX) . 
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1\<"lde from Inqlline~ rclatll1g to effect~ of total IF collapse, a growing number of 

report<., have a<"<,,oclated activation of cclls to PKC stimulation and to cytoskeletal changes 

(I\pgar, J.R. /991; Huang el al, 1988; Mochly-Rosen er al, 1990). Intracellular 

cxpre<.,<,ion of a dl<,rupllve anti-IF ~cFv could be useful in mterpreting reports relating the 

tran<,locallon of varioll~ PKC Isofonm to IFs. Reported colocaltzation of PKC lm with 

an Isolated nucJcar membrane fraction (Hoccvar and Fields, 1991) could be perturbed by 

the presence of antl-IF scrv dirccted into the nucleus. The mtegrity of the nuclear lamin 

Ilctwork could potentially be dlsrllpted by the scFv, compromising the sllspected 

as'\ociation with the IHI PKC Isofofl11. The apparent colocalization of the PKC f3-isoform 

wlth VilllClltll1 fllamcnt') (Spudich el al, 1992), cOllld also be dlsturbed 'ISlIlg the scFv. 

Glven that the colocalil'atiol1 of PKC and vimentll1 is speclilated to provide specifie 

docking sites where PKC lsoforms encounter their specific sllbstrates, and consldering 

that PKC activation IS often assessed by the expression of the e:!i>s gene, it would be 

possihle to ohserve the effects of the seFv by cvalllating c:!iJ.\ expression. 

I\dded to the list of "unknown flinetlOns" aseribed to IFs is their role in milosis 

and associated phosphorylation cvents. Given that phosphorylation and dephosphorylation 

Induccs great changes III the IF nctwork, thcir role in I1lltosis eou1d be directly addres<;ed 

hy the speci fic disruption of thcse protcins with the deseribed anti-H;- scFv. The presence 

of the afrlxcd tag would offer a COnVCI11cnt way to trace the patterns of these proteins 

during mitosis. 

Although the blllding spcciticity and affllllty of the constructed anti-IF scFv 

rl'l11all1~ to hl' estahltshed. this work ha~ noncthelcss aeeomplished the first step in 

54 



• 

• 

• 

establishmg a direct and explicIt mechal11slll for (h,rupt1l1g and h~nl'l.' Oh'l'I\ Illg 11lt' 

functions of IFs. 

CONCLUSIONS 

The objective of constructing and exprcssing a ... cFv <.knvcd l'rom a llyhlld~IIll.1 

cell line producing a MAb that rccogl1\7cs IFs, has bccn accompllshed. TIl~ 2~ 1..1>.1 

protein was identlfied using the ('494 MAb agalllst the Illcorporated peptide t;tg 

Future work coult! be undertakcn to dcmonstratc the abllity of the ~d'v 10 11I1\(1 

to IFs il/ vitro. Once thls has bccn cstablto;,bed, the o;,l'Fv would hl' 111\l'lll'd 11110 .\ 

eukaryotic exprc~sion vcctor, transfected IJltn œil ... ,>tlch as ~T.~ n.'lI, (~tnl'l' pll'llllllllt\ly 

work was done lIsing this cell linc), and cxprcs~l'd 111 clthl'r a cOIl\tituttVl' 01 IlldllClhk 

manner. Information gleaned from this direct approach or ,>pccllÏcally dl ... rllpllllg tlll''''l' 

protCIIlS of ambigllolls functioll, would hel p to elllcldate thcl r rolc 111 the 1111 raL'l'IllIlar 

biological system . 
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APPENDIX A: TA cloning vcctor pCR1loI 1000 (lm'itrogcn) 

Apal !(pn 1 
M13 Rovorso Primcr-e. Tl Promoter ±~d 1 
1C;~~~ÇAGCTAI~ëtATGAnACOCCMGCC11CMTACGACTCACTAT~G.qcc GGIACC 
Ci TCCmGTCGATACTGGTACTMTGCGG il CGGAGTTATGC T GAG! GATATCCCGGGCCATGG 
f.i3C 1 Sp'! 1 Pee 1 Hlnd ni Xmtt lH 
V3AGe rqïï:GTÂGlîITAATT~GCn'~GGCC~GGTGAGAAGGGTT Insertlon A 
CTCGAGTGATCMATIAATTITCGMTAGC":GGCTCCACTCTTCCCA Site TI 

Sac 11 Net 1 [coR' 
CGOnCTc(cqcr.GQCCGq3MrTQ.ACiGGCCGTCGTmACAACGTCGTGACTOOGAMAC 
GCCMGAGTGGCGCCGGCGCTTAAGT/9ACCGGCAGCAAAATGrrqëÀGCAC'mACCCnnG] 

_"~ a. ________ ........ 

Nru 1 

-20 Pri~r" M'\3 Fol'Wal'Q Primet' 
(-40 Primer) ....... t----

Sph 1 

V2.0·120707sa 

Appcndix A: pCR '''1 000 was lIscd to clone and sequence the PCR amplification product 
lIsing VHBACKI and VHFORI primcrs. 
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APPENDIX B: TA c10ning Hctor pCR'~ll (lm'itl'ogeu) 

MI3 Rtverlf PM'« PrOlT\OCet 
CAO GV. AC).. OCT ATG C ATG ATI AOO CXA ~ AT ru. OOT CAC "CT Al CAA 
GTC cri TOT ~ TAC T OT,l,C TM TO:: OOT TCO TA MT CCA CTG TC''' lA C1l 

Nsi JWI ~ $tci ~I ~ 
TAO TCA Aoc, TAT OCA TCA Aœ TlO OTA COl J.œ 100 CAT <:cA CTA errA ACQ OCC 
ATa AGr TOO ATA ccr AGY TOO AM CAT QX TCO Aœ CTA cm ~T CAT TOC cm 

BsOO ~ EtoAi 
œ:c Aar cra CfG GM ne en; l]!y;.jMffiD o::c G'A no TOC AGA TAT 
COO TC-' CAC ~c CTT MO cm UI.'. __ ITT 00l CTT Ma 11)3 TCT ATA 

AVII 
PuR1l 

S$ tXJ Nod »101 NIl XbII ~ 
CCA T CA CAC T 00 cm cœ Cf ç ~ CAT OCA Ter J,Gl. 001 cœ MT T ()l {ëœT.ij 
OOT ,.,eIT 010 Aet; OX 00:; ('.&.Q .eTC arA (GY' ~ Ter cœ 0)) TT A AOC ~ 

n Promot., 
AGr G'.a TOO TAT T CMT TCA Mo 
TCA crc AOO AT A A Cl TTA NIf ~:..=::::....:c~~~.;;JTT 

3.9 kb 

Appcndix B: pCRntII was u~cd to clone and sequence the l'CR amplIfication product 
using VLBACKI and VLFOR 1 primcrs, as wcll a) the modificd product gcncratcd by 
the VLBACKl and VLFOR2 PCR pnmer~. 
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APPENDIX C: pRSET prokaryotic expression vector (lnvitrogcn) 

= ,---a:-.... = _I 
"gco 8 8 c: ::l - 0 E ._ 'ln Q. > U;..c: CIl 
J:COW2X:a..a..XCD 

pRSET 
A,8,C 
2.9 kb 

API'ENDIX C: pRSET was l1~ed 10 express the scFv ira t: • .! b?cterial strain JMI09, as 
weil as in a rabbit r~tlctllocyte Iysate system. The TI promotel present in this vector 
made this possible. The Nde 1 and Eco RI sites were used to insert the scFv. The in 
intermcdiatc sequences coding for the histidine residues, designcd for purification, were 
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