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n order to properly understand the function of these ner.

antibody fragments in uiuo,it is critical Io hare an appreciation

of their size, self-association behavior (or preferabll' lack of) and

solution conformation. Appropriate applicarion of the Optina*

\1--A analrrical ultracentrifuge can provide rhis dau. \o orher single

technique provides this breadth of informarion.

The flexibiliq'confened upon the crossJinked Ftab ), by, irs linker

precludes the deterntination of its confomration via protein x-ra1'

cn stallographl'. Hon ever. the sedintenution coefficiens of both the

F(ab'), and Fab' fragments n'hen combined n'ith radius of gvration data

obuined from small angle x-rav scattering experimenLs provide a useful

gauge of solution conformation.

In this study the monodispersitv and absence of self-association

phenomena of Fab'and F(ab'), solutions are srronglv indicated b,v

sedimenntion velocity ;rnd sedimentation equilibrium experiments. The

n eight alerage molecular weights measured are shon'n to be in

c'onrplete agreement n'ith rhe molecular s'eighLs as calculared from

anrino acid sequences. Finallv. sedimentation coefficienLs have been

measured. and rr'e indicate hoq'these can be used Io access conforma-

tion s'hen combined s'ith other solution measuremcnt.s-

METHODS

The Fab'and (Fab'), fragmenLs (kindly supplied bv Celltech Ltd.)

n'ere dissolved in a standard phosphate chlori<ie buffer (l = 0.1.

pH = 6.U). The Becknran Oprima XL-A analyrical ulrracenrrifuge s.as

emplol'ed to perform l'nth sedimentation velocin'and sedimentation

equilibriunr experinents. Solute distributions at 20.0oC n'ere recordecl via

their absorption at 278 nnr.

Se d i nt e t il a t io rr Ve loc i t.y

Consecutive scans \\'ere recorded at regular inren'als. utilizing the
"autoscan" facility. Sedintentation coellicient (sn,") values n'ere detcr-

figwe lo. */innnffiirli, vfuity goliles for fab'.
Looding comenWion = 2.0 ng/nl ntor speed
= 49,000 rW; sa intaval = 27 nin. tlp
direclin of ffinentotim bhon hft n ioht.

Ffuwe lb. Plot of r/incntotim crr;ffituntvews
crrncenfia*nfu fob'. F.w tulitbns were ss
ohve.
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figwe 20. *dinentoffon velocil proftles for
F(ob'), Looding concentllon = 6.6 ng/nL; rotu
sped = 49 ,000 rpn; yon intwal = I I min. lhe
diution of sedinentotion b from left to ioht.

minecl in the strndarcl nay end plotted lg:rinst concentration (corrected

for r:rdial dilution). Extrapolation to infinire dilurion lielcled.s",,,..

Sed i met tctt io r r Eq t r i I ibfi u nt

The lon.speed seclimentation equilibrir.rnr nrerhocl n as enrploy,ed.

The lon-speed methril is ulore ilccumre since it proricles rlr>re chta

points over the entire r:rdi:rl plthlengrh contpared \\'irh the high-speecl

sedimentrtion equilibriunr methocl (see e.g.. Ref, 2.) It wrs considered

tliat eqLrilibrium hld been established \\'hen t\\'o consecutrve scans.

recorded -several hours apart. appeared iclentical. [lultichannel (Yphantis

t,vpe (3)) centerpieces rvere emploved to permit the simultaneous

measurement of multiple sanples. The final solute distribLnion .{SCII data

n'ere caplured and analyzed on the IB]1 3081Q Phoenir ntaintrame at

the Universin'of Canbridge. using rhe FORTRAN MSTARA program (4).

Vhole-cell n'eight average molecular n-eights (,11'r,.) rr'ere extracted by

using the limiting value at the cell b:rse of the .lf- (point average

molecular n'eight) function (2). (An independenr esrimate for rhe initial

loading concentration \.as not requrrecl.) Panial specific voluntes n'ere

clrlcr,rlated from the amino acid sequence for the fi:rgntents (see c.g..

Ref. 5).

REST]LTS AND DISCUSSION

CortJi rm ation of .llonoclispenit.t' rt u d Absence oJ' Sel l'-,1*56c ia1io17

Pherrctntetn

This rras supported br'(i) thc obsenrrion of onlv single boundaries

fron sedimentation velociry (Figures 1l :rnd 2a). (ii) no evidence of an

increese in sedimentation coefficient.s ri'ith increlse it.r conccntr:rtion

(Figures 1b and 2b). and ( i i i ) l inelr plots of log (rtbsorb:rnce) rrrsrr-t

distance squared (Figures 3b :rnd lbt tionr sedintcntltion equilibriunt.

A bsri u t e .l I o I eu il a r ll'e igh t s
'l'he 

ahstlule niolccullr sciqhrs t i.c.. not rcquirins tssuntlrlions

conct'rnin! cllibntion stlntlltrdst. .11 .. crlculatcd fnrrn the limiting fbrnr

of thc firnetkrn .11* to tlte- ccll l'xrsc (:cc Rcl'. 2) scrc l-.(X)() + 1000 fitr

Fab ( Figure -lc) lnd 9-r.000 + 2000 krr F( lb ), ( Fi.qr,rrc +c ). l'hese rrrc in

rlmost erlrct ugreentcnt s ith the poh pcpricle se(luencr urolccul:rr

neights of i-.-r9c) xfid91.9{)6. rcspcctir.clr'. This clrntonslrrtcs l'xrth thc'

ruccuracv of the Optinu XL-A rncl thc hontosencitr' of the rntiboch'

preplrutions.

Sad i t rrt' t r la I iut t Coe.l lic ie r t t s

The .s",,,,. r'alucs f<rr thc Fllt :rnd l.'trrlt ), frugnrents \\'ere dr{enninr.d

:ts.3.6 +0.2 S lnd i . l  +0.2 S, rcspr.ct irclv (Figures lb und 2b). The

rc'htionship beln'een thc'sc' r':rlues ancl nt<llccullrr rrriglrt rre in uccord

n'ith the seclinientation lrhlvior of rxhcr clollritr protcins rh:rr lur.e

lleen rr'ell chlrlcterized.

figwe 3c. Plot of M funcflonuersvs\ (ke
normolized rodiol disflocenent Nrometer) for
fob'.\ = 6t ' sz175z 'o2) wherer is the rodiol
displocement ond o ondb ore tlrc corrxponding
wlues ot ke cell nenisus ond bose, rcspaively.

tigwe 40. kdinentotion equilibrium of f (ob') ,
fulute distribution ruorded ot 9000 ryn. Looding
concentntion = 0.5 ng/nl

figure 4b. Plot of log (obnftonte) uesus \ for
fhb'),

f'Eure 4c. P.lot of M* functbn versus ( (dre
nomolizd rodiol displocenent pororneter) for
f(ob'),
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figwe 2b. Pht of sedirnntolion cuffirientuersus
rcnenlotion for f (ob') , Run conditiorc were as
ohove.
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figure 30. Sedinentolon quilibium ol foh'.
hlute disnibdion morded ot 9000 rpn.Iooding
rcn@nfiotbn = 0.5 ng/nL,
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tigwe 3b. Plot of log (obwbonce) uesus\for
fob'.
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Solttt ion c orlfomt at iotl m odel ing

The s",,,... values so found can be used as a useful handle on the

conformation of these molecules in solution. Using simple formulae (6),

a combination of the s0,,,.,. and molecular s.eight data yields estimates for

the fricrional ratios $1f,,) of 1.31 + 0.11 ̂ nd 1.47 + 0.08, respectively.

These values can be inteqpreted in terms of simple ellipsoid models

(see Ref. 7). or, nrore usefully. it is possible to use this data to model

confomration in terms of sophisticated hy'drodlnamic bead models using

the FORTMN program TRV (8). However. this increased sophistication

requires additional dau from other soludon measurements, such as x-ray

scattering. For example, the h,vdrodynamic bead model shown in Figure

5 for Fab' n'as constructed on the basis of an inirial estimate for the

solution conformation based on static x-ra)' cr!'sullographic coordinates

(9) for the Fab' fragment of monoclonal antibod,v R19.9 and subsequently

modified in order to reproducefi (or equivalently dro*) and a radius of

el'ration of 26 + 3 A obtained from small angle x-ray scattering experi-

ments. These dara are cunently being exended by us to model the

conformation of F(ab ),, particularly in terms of antigen binding site

separation. n'ith the ultimate aim of adequatell representing the solution

conformation of the inuct parent antibd\'.
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