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Immun oglo bulin 1·ariahiP domains a rt' .>!ent> rally thought of a :S 1\'t' ll <·o nsern'd p lat form ;-; 
pro1·iding the base for a n t ige n bindinl! loop;-; •Jf highh· 1· aryin~ ,;pq ue n< ·e a nd strul'turP . 
H owe1·e r . domain p\·olution mu st t'nsu rP a halarH.:t' bt'tween optimiz ing a ntigen a ffini ty and 
t he requirements of a stable . cooperati1·e ly fold ing domain. :-iirwe random mut ations ca n 
carry a s ign ifi <'ant penalty for domain stability. <" Onstraint;; a re imposed both on the 
re pe r to ire of gt>rm line seq uences and on so mat ic- a mino ar id rep la t·e ment ;; during a ffinit y 
maturation. An alyzing t hese constra ints in t he r.·oncept ual fra.me1\·ork of statisti1·a l 
mechani<'s . we ha1·p !wen a ble to predi<'l stabiliz ing mutations in thP \l cPC'Ii0:3 \'K domain 
from :;pq ue nee information a lone with lwttt:>r than 611') 0 sueep,;,; rate . The 1· a lidit y of thi ;; 
<·oncept not only has far rea.ehing implicati on,; for antibody e ng inee ring but may a lso be 
gt:> n t:> ra li zt:>d to t:> nginPe r ot her protein ;; fnr higher stab il ity . 

r.·"!Jii'ord.,: protein :-;tabi li ty: irnrnunoglnhu lin 1·ariahlt> domain: point mutation: 
sta bility prt:>dil'tion: l'anonit·a l ensemh lt> 

Th t>o ries of protein f(J idin,!! a nd protein ,; t ah ility 
are linked through the tinding t hat t he nati1·p ,;ta te 
is the st ru <' ture with t he lowest free t'ne rg_v. 
Quantitative prnl i\'t ions of the adoptPd s truc ·t ure 
and t lw s t a bilit y of t he nati1·e state ha 1·e !wen 
confounded IJ\· the diffil'ulties in vo lvPd in caleu
la ting t lw s ma ll difference of many la rgt> t:>nt hal pi l' 
and entro pic <'Ontrihutions. whi<·h drin"s the tran:-;i
tion from tlw unfo lded to the nati1·e :<tatt' 
(\la tt ht:> w:o. l!JHI ). Thus tht:> rationa l e ngirwt>ring of 
e ithPr :-;trud.ure o r :-;tahility remains an un;-;oh·Pd 
prohlt>m ( ~hi P / rd .. I !H):~ ) . Tlw ;tlt ern ;t tii· P appmal'h 
of ,;nPening random poi nt mutation;; ( R<Jllt'JH't' "' 
rd .. I !lHH: (' hen ~~ Kaldwin. I%!! · Tunwr P/ rtf .. I q!}:_? ) 
:< U< '<'<"P<b in onlY o rw out cd. 111 3 to IO" mut a ticll l:' 
(Risse P/ 1d .. I HH:.? : ...\ ra:;t' e/ '71 .. I \J!l:l) and scweni n)! 
prol'edurt>s are re:-;t ric ·tt-d t" prote in ,.; with ::'<lint' 
identitiahlt> fundi o n ,.; ul'11 a:-; enzymatic· ;u ·til·in·. \\ \ · 
han· ;lddre:-;sed t he proble m of :-;tah ili zin~ an 
immunoerlolmlin domain. 11·ith an app rwu·h t h<ll 
ana lysp,; t lw irnmunog lolnrl in st:>qiiPrH·e da taha,;e 
(K a bat 1' / rd .. I !HH) in t lw t' <JJJ t·Ppt ual franlt"ll ·., rk of 
sta ti stil'a l nw l' han il's. 

('}u,;ter,; elf seqtwnc't' vari a bility in Wt:> ll delirwated 
regicm ,; of tlw a n trhody Jll<J iec ul e pro1·idt> t lw 
mo!Pcul;u· bas is for tlw c·a pac ·it y of t he imrnurw 

t .\11thor to whllm a.ll ,-.,rn~ ,; pondc • n • · c · ,; hocllrl l~t · 

addn··s,;c·rl . 
},-;:-; 

,.,·s t t> m tn respo nd to a la rge variety nf a ntige nic 
challfnue:-: (\\'u &-: Kabat. 1970). Antibod i<" :> t hus 
appear to posse,;:; cO ni't'J'\'t'd structural fram t:> wnrks 
with a rl:' pe rtoir t:> of 1·a ri a ble. antif(en binding loop,; 
( Dax ie:-; & \lt>t zue r . HlH:) : Chnthia & LPsk . I !lHI). 
Tht:> >!enl:'s of immunoglobulin variable domains 
ha1·e d iH rg:ed h_1· multiple gene duplil'ations and 
mutations . ~elertPd .~e n es art' subj Pcted tn an 11<'<'!'
lerated. lo<'al e1·n lution that opt imizes thP c· ;q nu·ity 
<lf tflp anti hod:· to bind tO ant i ~t'n st rU<"tllrP,; ~e l t-c·

ti\·pl\· a nd 11·ith hiuh a ftinity ( Tcme.~<\lnt. 19S:): 
BPrek S: \lib tt> in. I!)H9: Frenl'h P/ rd .. l!l:-:\D ). In thi,; 
prot'<:'~ ~ <lf ;tttinity maturation. thP \\·ho lt> of the 
do nw in c·<•di ng ~e quenl'P is ra ndom !:· mut;tt<"d and 
13 - · · el l ~ prc HI!H·i nu imp ro ved a ntige n re<"ept cJr,; ar,.. 
~t' l t-c·tPcl and propa!.!ated (Berek & Zieurw r. I !l!l:\ ). 
E1·Pn t h<J u ~ h :-;e }pc ·ti() n for a ntigen bind in !! pla1·s a 
do min;tnt rc .<IP fo r any S(W<·ific ,;{"<j li PJl< 't'. 1 hP 
IIJt•a,;un• ,, f titm•,;,; in t hi s prnet:>;;s must lw a c·n rn 
P"sit t> nf fac·to r,; in<·ludinj! ;tntigen attinit ,\ ·. dnmain 
~tal.ilit y. a~:-;P mhl:· and intPral'tion l)fth l:' lwa 1· .1· ;tn d 
t hP lig-ht -.-l1ain. 1· a riahl <:' and co nstan t d<JIIIain ;-;. 
p r<l!P ; t~ t' rt',;i,; t anc·P a nd l'o mpett>nc·<, fn r t> :\port a nd 
:-;e<Tt> tic ln: the r t' latil'f" <'O II t rihu tion of P<lcll fac ·to r 
ditfn~ fm rn pn,;ition to position of tlw domain . 

Our ;tpprnadJ i,- hasPd •H I t he h_v pot }JP,; i,; tha t t lw 
i nlml lJI<l~lohul in r"iH'I'toire a.pp ro:-;i rn a tc> ,; a •· ;tJIIIIIl 
,·a l t> IJ ~Prllhl, .. of "< '< jlWJ I<'t':-; . 1'<\ l' h d(· ri n ·d fr•JJll <lilt' of 
a ~PI c1f ;!Prm -lin c· .-i t'<lllt ' JII't'S a nd ;-;c•lc·c ·tt-d ill a pr<w< '"" 
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Lys 24 Arg Asn 90 Gin Phe 32 Tyr 

Thr 63 Ser 

Ala 15 Leu Pro 43 Ser Gin 79 Glu 

Figure 1. Dist ribution of anal.\"ZPO ]'Oint mutation ' 
(ll" <'r tlw 4ru.-.turP of thP \·,domain of \I .. P('(iO:l (~t<' i]W 1'1 
a/ .. l!l!ll ). Amino (~) a nd .. arbox1· (C' ) tPrmini an· lal wll:'d . 
('umplt>ntf'ntarii_,·-dett·rmin!! rPI! ion ' art' :-; lt a.dPd dark. 
\lut ~tion,o \\PrP madP in ('()R I il'lw:l:2T\T). ('J>R:l 
( .'\~n!IIICin ) . at tltP int t>rfa('f' \\·itlt tlw \'H domain 
(f'rn-l:l:-;Pr and .-\la!OO(;]\·j. twar th•· intPrfa<'P " ·ith tlw C, 
domain (<:l ni'!l(;lu ). itt tlw hydroplwhi .. <·o rf' (\let:2 1 J],>_ 
\IP1:21L•>tJ Le u!(l(iTJP ) and at :-;oh·Pnt f'X posf'd position' 
r.-\l a !:'iL<'u . L_,·s:2-l .-\rg. Thdi3:-:er) 

of random. indf'J>endl:'nt mutation~ (AIIf'n PI a/ .. 
Hl87) to he ('ornpatiblf' with 1:' \' f' r .Y aspf'('t of anti
bod." function. ~uch an l:'nsf'mbll:' is ex]W('ted to 
han· t\Hl propf' rtil:'s: (I) tlw a YI:'I'<lf!l:' lt>\'1:'1 of d o main 
stability i>< mar~inal: and (~) tlw ensf'mltle i;,; at a 
s t ate of t>qu ilibrium ,,·ith re;;;pl:'d to st>q ue n('e 
(' han_!!P' affecting stab ilit~ ·- The;;e propertie~ folio" · 
from tlw fa('! that ,,-hil l:' df'qahili zi nll random 
mutations an> hig hly probable. tlwy an> se lt·d i,·e ly 
neutra l as long as tht> m·prall d omai n f'tability dol:'s 
not fall below a certain threshold: c·on,·erse ly. s tabil
izing random mutations are highly improba hiP but 
there i ~ no positin· sf' lertion aho\'f' a certain thrf';,;
hold (Kimura. I 991: Gregoret & Sauer. I 993). Tlw 
~ear-independrn('e of mutation ' di;;triltuted m·er a 
prott'in domain ha~ lwl:'n \l·e ll estab li s lwd for a 
numhPr of f'ystrms under im·e;; ti~Zation ((;r<>gorf't & 
Satl!"l'. I \1\13: Sandberg & Tt·nl·illi1fer. I 9\-13: Serrann 
1'1 a/ .. I !HJ:3: Zhang PI a/ .. I ml2 : Pantoliano 1'1 a/ .. 
I PHH : \\'Pik I HHO) . Our utnonil'al ,;equerwl' approxi
matiort ><!HIP" that Ht f' most prolJaiJIP distribution of 
a mino a vid~ at a >< )l('l' ifi <- po,; it ion 1 ~ lfl\'t'll It_,. 
Boltzm a nn ·~' ia\1·. thu, \1"!" 1·an l'ait- ul a tP a s tati ><t il'al 
'"fn"t' e rl t' rg_, ... (:-iippl. ! !ISH ) from tlw fn"qtl!'!ll'i !"" of 
olist·r\'ation. Thi , s tati s t inti fn ·1· t"IH'rg_,. quantitatt·~ 

"l'IPc ·tion on that po,; rti o n : tht- dc·\· iation of tlw 
cdtst'T'\'t•d dist riltut ion from rando rntH'"' -

In CJI'<it•r to predi vt tl w •· fl•·d~ of point mulation" 
on sta lti lit\' . t\I 'O 'lf']JroxJrnation~ an · rrrtrodtJ<'l 'd. 
Till' ti r,;t approxilllat ion j,_ t lt<ll tilt' datallit;-;(· ,J! 
"''lj ti< ' IHT~ of ill!lllt!lto! .. rlnl>ulin" ( h.al,at 1·/ 11/. 1!1~11 ) 

I'I' Jll 'l'>'t' Ttl s >'tl<' h a l'<ltl<lltintl l'tt,;•·nrltit· of >'t '<fllt'II<'< '" 
For til!' jltli'J>< ""'" of 1 hi s st ll !h· \1! ' Ita\'!' aY!'rau•·d 

0.8 

~ (1.' 

] 
- ~ 
u u.• 
.E 

0.2 

(l 

11 I / 

/;
1
1
!/./i/1 i ---&- Gln79Giu 

1 _____._ WT 

----o- A sn90CJ In 

o -c-- A id I~Leu 

~ 
05 

GdmHC'I (MJ 

Figure 2. Equil il ,rium unfoldin)! !'UI'\1'' for Clnl!l(;lu. 
\\'T .. -\~n!HICin and .-\laJ;iLPtt pl <,ttt·d a~ fr<J ('tion of 
unliddf'd p r•Jtt· in ,-,·rsu.·· <·oltl·t•Jllration ,J!· denaturant . 
\ l ut-ant 1-!PTH"" \l 'f'rt- •·nn~tTu.-t.-d II\· sitt·-din·•· t-f'd rnuta
_!!t•ru•sis of tilt' \\'T ).:'PnP in an t'X ]'rPss iun plasmid d•"ri i·Pd 
from p.-\SK;lu (:-;kPrTa &: l' lii.- kt!tun . I!IKH i h\' d t-!P tion uf 
thP \ ' H porti t>n and addition of a Hi ~ 5 taj! t-<' th<· \ ', (' 
t f'rmin u ~ (Lindn Pr rl a/ .. I !1!1:2 ). Prot Pin ~ wt> rP ••xprf'S~f'd in 
1-:. mli and purifipd from tlw <·e llular JH>riplasm usi njl 
imnwhilizPd nwtal affinit,\ ('lt romatoi-!Ta ph,· with Zn 2 • as 
tlw t·at ion on an irninodiaceti.- al' id matrix and Pluting 
wi th a linea r imidazolf' gradi ... nt ( I() rn\1 to :?00 m:'\1) . 
l'nfolding is monitored thrnu!!h nwa~urt' nwnt of a laq!t' 
f! uorP!-<<'f'IH't> in< · rf'a~" upon dPna t ura t ion . ..a used b.'· df'
qtwnl'hin p: of tllf' sinj!lf' tryptophan rf'siduP of tlw dom a in 
lol'at Pd in thP ,-i('inity of thf' si nglt' disultidt· bond in tlw 
fo]d,.d stak. An amount (:i pi ) of protf'ill of a <·on<·<•n t ra
tion of (1·:2 m\1 in phosphate huffpn·d ,;al ine (I'B:;::) was 
in•·uhat<>d o\·prnilfht at :20 ' (' with :iOO Jll 
j!llanidiniunt · H('l ::;o lutions in PB~. !len at urant •·otH'f'll· 
!rations \l"l'n· from (I to ;j \1 in int PtTal' of (I ·] l\1. 
Fluon·s<·f'n<·<· (/ . ., =:?H-l nn1. /.em= :wo nlll ) 11·a, int-Pgrat.ed 
o\·pr a 3" int pn·al. Raw ,-a lu f',.- wPrf' t'<lTTt-t'lt'd for buffer 
hal' kl!round f!uoresn·n<·t' and anah·zed for I"'"' -unfold in!! 
hast>lint>s. l'Oope rati,·it_,. a nd frpf' Pll f' r!!Y of folding. usin!! a 
non -litwa r l pa,;t-squa rf'~ tit prot·t·dure . TIH· <·op fJi ,· i<.· nt of 
t·otTPiation as,;uminl! a two-statP modf'l n·pil'ally t'Xl 't>Nls 
(1-!HI!I. prror;; are <·on;.;istpnt ]_,. lwlow Ill ''" . 

o Yer all \ ·, "'f'CJ UI:'n ('(:$ of the d ata l>a~e in ordrr t.o 
a,·oid introdu cing furt lwr assumptions about 
;.;equenee l' HJiution in the immurw ,;ystem. \\'e 
<'XjW('t cle,·iationf' to arise from si~niticant sarnplinp: 
e rror' of the dataha~f' (e .g . bia,- for the <'cqnu·ity t.o 
!tind small hapll·ns: !ti al' t<m·arcb a f(.. ,,· int.l•nsi\·l:'ly 
s t udil•cl ,;equen<·(• fam ilit>,;: nror" from s pe<· ies
s pe<'ih (" diff't•rerH'Ps). Tltl· ><p<·ond a ]>Jll'l 'x imation i:-: 
that sl' l!-'l'tion i,; onh· for domain ,;taltility \\' p 
<'X ]>P<·t s\·s tl'ntati l" m·en·stimatwn t() aris1· from the 
ot Iter glol>al fa<·tors. <·ontnwn to a ll dtlmarrh. th at 
inti li PIH'P t lw ]IT'< ><·<·;;s of ,;e lel't i< 111 oil >'<l itH ' 1 ">sit ions . 
Hml!'\'!'1' no position of tl w domain ··atr ill' fn·•> IY 
ntutatPd ,,·ithout any t> H.<·•: t on ,;ta l>ili t\ <lltd t'\'!'11 if 
,-,·1<·<·1 in· pn·,;,;un· i;.; 1<11\·anb a d iff,· r·•· rtt fal"tor 
,.,,.,·n!'h· disrupt i,-, . lllt tt at iort s an· lH ' \"t•r · alltl\\·ed. 
:-; ilt c·• · antigt·r; l>indrng inq>o ,;< · ~ "l"'' ' tlit · t·orts traint s 
<~r; indi,· idual d"rnaitt ~. tlrt · dl".·.-t~ of till · n·qutr·l' · 
llll ' llt >< for- ant igt• tt l>irtding ' lt otJid il ,.,Tag• · otlt O\' t•r 
tIll' rang<· of" all ,J!,,.,,.,.,.!'d "''lj ti<' TI<'I'~ a1rd t lrt · pn·dtt· · 
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Table I 
('ompnri.wlll nf prPdil'lions Ji,r .<lnbifi::iny point 

11111111/inns ll'ilh •'.l)w riiiiPn/ 

j,( :; .. ld 

Dorn run fwT fmu < {k.l rlllll 
,, Ex{wri rnent Pn .. dil'tic.nJ 

,, .. r - l:l ·.) 

..\Ia 1:->Leu IHII'l-l 11<1-+ ~~ - 1!1·:! ++ 

.-\,;n!HII ;)n (1·11-!11 •l·X~:I -1~·! 1 + + ~ + 
PJ,.:!:!Tn IHl:i-l 11 ·~ :1-+ - J;i · l + + 

l .... ·u II Hi lit· ll·:!li:l IHilili - !.ill + + 
Thrti:l!-:~r II· J:l:! Wi!IH - 14 · ~ + ++ 
~1 .- t:! lf)p II· I!)() i)·fili:! - 1-l ·:i + ++ 
L\·s:! -L-\rg ll·lHH II·:) 1-l -lhl I) + 
~l e t:! I Leu 0·1 !)() 0·11!1 -l::!·:! 

,\Ia IOO(;Jyt ll·:!;')(j 11·;)-l/ -l:l·li 0 + 
Pro-l:l:-:<>rt I} I/:! ()·;)ll8 - I:! S I) ++ 
(;)niH! ;Ju! O·:!:l-l 1)·~:!1 - 11 ·:-i + 

fwT and fmu< are rPiat. i v~ fn•quenciP> of wild -type (1\'T ) and 
mutant (mut.) amino aeids at the rP> p<;ctin• positions o f align~d 
V, ,;eq uPnees from tlw romput.-r forma ttNI immunoglobulin 
>equenco; database ( Kahat PI rd .. I !I!J:! \. kindly provided b~- Dr H . 
PPrry . PrPdi t' tions for !'!feet~ on ,; tahility were estimated as 
D.D.n,o,d =- H.7' lnUmu<JwTl- \'o att Prnpt was made to inc-lude 
further s pe<' ifie information in ord.;r to co rreet fur database bias. 
unPqual re prP:<P ntation nf amino a <" id ; in the genetic ,·odP or 
difft•rPill't'S in •·odon transition probabilities (Betz el •d .. I!J!J:1 ). 
t.l/~o >d is the expt> rime ntally d.;to;rmined frpo; ene rg~· of folding: in 
phos phate buffered saline so lution (pH 7·-l) . abserwP of 
denaturant. :!11 °!.' . Rating of effec-t; was: 0 to .'; 0

0 change in 
stabi lity as <'li m pared to WT: IJ . o to ~0 " 0 ehangt> in stability : + 
or -. more than :!0 °., change in 'tabilitY : + + . The followinl! 
mutation,; are <"<> nside red to lw ··mre<·tly prt>di<:ted : Alai.~Leu . 
. -\>n!llll; ln . Phd:!Ty r . L.;u llltlll t>. Thrti:1!-:Pr. \lt>t:! I lie and 
.\let:!l Leu . 

t lnter<H ' t~ with \.1-t domain. 

! lntPral'l s with (·.domain . 

tion ,.;h,>uld hold lrti<' al "" in tht• ··o rnpl<•mt·nlarit\· 
dPtPrminin!.! r<'gions. · 

Tlw \ ', domain of tlw a nt i-piHl:-ip h"n·i<- h"litlt ' 
an t ilh)dy \l<'Pt 'liO:) provirks <\. It idt•al <"Xp<'rimt•ntal 
nt<Hit:>l to t l:'st this hypotlw:-;i s. Wt-> han• pn·\·io ri:-;1\· 
t>xp rt->,;~ed t hi s domain rr.>co mhinantl .'· in 1! . .'.-whnir·h irl 

mli (:-\ kt'rTa & Plii ckthun . (!)H7 : Linrln t' r "' rd .. IH!l:! ). 
\'rystallizPd it (< ;lo<'bhuher P/ rd .. I \lfHl) a.nd dl't Pr · 
rnin t>d the thref'-dim t>ns iona l slrur-turP at hi uh 
!'\"so lution (:-\tPipt' "' rd.. l!l!ll ). Equi lihr i11n1 
unfoldin!! st udies Ill g uanidinium hydnwhl r> rid r· 
(<_;dm HC'I ) dt:>morJstrat t:' that tht:> isolat ed\·, domain 
i,; onh· marginalh· s tabl t:> wit.h a !<,.(; of fnldin" nf 
-l:)· .~k.J m'01- ' : .. Le. ass uming a t\m-stat t' Pq~ili 
hrium (Par:t:' . ImlO) t:'\·ery ~."iOth molt:>t'Uie is unfnld t'd 
unde r nati ,.t:' •·onditions. \.Y P han' r:al<-u Ia tt'd t lw 
<\.m ino a<'id frequency distributions for all po~itions 
"fall \ 'K seq uen ces in the Database ( Ka,lwt ~I ol .. 
19!):2). F•>r this domain we haH predi cted ten ;; tahii 
IZIIl g point mutations as re plact:>ments of no;J . 
consensus amino acids by the most common amino 
aeid of the rPspecti\'e positions (Figure I ). 

\\"e ha\'t' eonstrueted these point mutations IH· 
sitt'·directed mutagenesis and measured the domai;1 
stabilit~· (Figure ~) . We lind that our approach 
reliably prt:>dicts tht:> effect of mutations on stahilit.\· 
(Tablt:> I) . Six out of ten mutations were correetly 
prediett>d as stabilizing. three are found to han" no 
:<igniticant eft't>r:t and only one (C in79(:1u) is expe ri
mental!\· found to he signiti('antly desta bilizin l!. OnP 
<tdditional mutation (.\let:n Leu) \\·a~ prerlivtNI <lnd 
con tirmed as destabilizing. Random mutations 
\\·ould be expecterl t.o produ l'e a large t> xce;;s <Jf 
rlestabilizing mutation;; . The effe cts on stability of 
the mutations arf' equally we ll predicted in franw-

Figure 3. ( 'rystal s tructurt>" •>f \\ 'T (th in ) a nd Asn90Gin mutant (hold ) dt•tPr mirwrl at ::! .0 n·so lution. R t>s iduPs X!-l to f!S 
an" ;;hown. •·o rnpri ~i ng th t> t hird •·nm plt>nH'ntarity d e terrninin!! t'P!!ion. H ,nlrogPn bonds flf ( ;ln\!0 arP s hown with hrokPn 
lines. :\oLe that t he pos ition o f the C'arhoxamide )li'Oup .. hangt's ()nly :; lightl.v. thP addt•d rnf't. h,- l,~ n t' g rnup i,: 
at·<'tl rnmnrlated with a s ubtl e •·nn fo rmatinnal l'hange propag:at t>d into th P hac khonP ~tru<'tun" l! f tlw loop. ~~ n< ' l'!!<-'t i .. 
co nsequent·Ps ean thus he <"X!JP<·lt'd t<> arise from multi piP s mall ··hangPs in ,-,urfnrrllational e rwrgY as wPII as t' haii!!~'S in 
fr t:'P ~ ne rgi es ,,f tiJ~Ir ln·drouPn h<~nds . The e nPrgPtic · consf' 'JUPnt ·Ps •lf s u <· h disl rihut t>d small r"!Jec ·ts < 'a nn<~t lw a<TIIt'<ltt· h · 
predi t' t\'r.l. e ve n with a n a nah·sis of tlw t h rt>t'-d i nwnsional s t rllt't 11 I'P. \lt·t hod s of stnw t u rP d P!-Prm ina t ion WNP a s 
pu hlished (:-;tRi p<! ~I rd .. I !l!ll ). !Jitl'ml'lion data Wt' rt' allili.n.<·d h\· diffl'n' n<·• • F11uric· r o·;t lo-ul at inn s I F., - f' J .-\II at11lll ~ 

within ;t ~ plwrP .,r 1) .11 amund tho• modt• l! t•d f' arhoxarnidP .>!roup Wt"r<, iniri;~ll\- o•x •·illdt·d fr<ltll t h•· t·;~lo-ul:itin n .-< . 
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\\·o rk rq! J on ~ and c·o mple nwn t a rity -d e t.t> rmininp: 
n·~ i lli1 S. e x<"t' pt whe re c·o n s traint ~ fro m int-e r -domain 
intera<" ti o n ~ pl ay an important mle. ln <' luding 
~~ rtl<'t ural informati on a bo ut domain int-erac t ion ~. 

1. e. <'X< ·I uding re~ idu <'~ Pro43 . G ln 7!l a nd Ala i OO 
from tlw predi <" ti o n . imln·o ,· e;; th e ~ uc ·c·ess ra t e of 
predi et io n t o 7 o ut of li . H o \H'H'r. tlw st rategy of 
s imply <' h oosin g th e m os t pre ,·a le nt a min o-a<" id in 
eq·n· pos ition i ~ found t o ('arry a p e n a lty of l e~~ 

th an :.! k.J m o l - 1 a t \Hi rs t . 
:\ c> o ll\·inus pre fere n c·e fo r a ;.; in_!!l e nwc ·h an i,.: m of 

;;tahi li r.a tion is oh;.;r~ n· ed. \\"e han· a nalY zed th l' 
fol]o,, ·in g mutant:- c·r:·s t a ll og ra phi <"a ll:· \ l c·t:? l li C'. 
)l e t :! l L<' u . Phe:t?T.Yr . Pro4:3~c· r . Thr(i3Se r . 
:\ ;;n!IO(;In and Al a J(I(I(;Jy . I n a ll <"a~p,.: tlw ~tru!'lural 
e ffpc· t ,.; a r l' sm;tll . lcwa li zed and d i>: t r ihu ll·d o n ·r a 
m11nhe r o f a t-o m s .. -'\ s an P.\a mpl <'. t h e ;: tnl\· t urP of 
A,.:nnot;Jn is s h o wn (Fi p:un· 3) . 

As t lw C'anon ica l i'l'CjiW n <·c· a ppro ximation 1,.: 

s u (·c·c•,.;,; ful <·,·en if o n I:· sPq tw n c·p informal ion i;; u,:c·d 
for t iH' prt>di <" ti o n . it C'a n bl' !:'X t C' nded t o other 
protf:'in fami li es. prm·ided tha t sequt> JH'e di H· rgen C'l' 
is s ufli \' ie n t ly s mall t o m a k e c·o-Yariation of n·sidues 
or s ul.do m a in s unlik e!:·. \\"e h an· obtained c·o rn:·c·t 
predif'tionf' from fre qu e n <'y ratios of3 : I (:'11 et ::!l Leu ) 
o r e,·en 2 : I (:Vl et2 1Tie. Le uiOolle). su ggest in g t hat 
t h e minimum number of seque n ces n l'ed ed for 
meaningful predirtions <·a n bP co rrespondingly 
s mall. 

\\"t- \\·ould like t-o ackno,,·lt>df!P tlw parti<"ipati on of our 
student s .-\ .- B. \" ogt. H .-E. Stoffel and(' _ Krase l in so mP 
of tlw <'xperim ent.a l work prPsPnted h<' rt' . Spe(·ial th a nk s 
go to Drs R . Clucks hubPr. R . . Jaeni<"k t> and A . Skerra fo r 
Ya lu ahlc• discussions and t o Dr~ R. Berende~. P. Rf'inPmt>r 
and :11. T . Stubbs for eomm pnt s on thP manu::;('ript . 
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