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Uncoupling of GTP Binding from Targel 
Stimulation by a Single Mutation in the 

~ransducin & Subunit 
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Glutamic acid-203 of the alpha subunit of transducin (a,) resides within a domain that 
undergoes a guanosine triphosphate (GTP)-induced conformational change that is es- 
sential for effector recognition. Changing the glutamic acid to an alanine in bovine a, 
yielded an alpha subunit (aTE203A) that was fully dependent on rhodopsin for GTP- 
guanosine diphosphate (GDP) exchange and showed GTP hydrolytic activity similar to 
that measured for wild-type a,. However, unlike the wild-type protein, the GDP-bound 
form of aTE203A was constitutively active toward the effector of transducin, the cyclic 
guanosine monophosphate phosphodiesterase. Thus, the aTE203A mutant represents a 
short-circuited protein switch that no longer requires GTP for the activation of the effector 
target phosphodiesterase. 

Heterotr imerlc  G T P - h i ~ l d ~ n g  protei~ls ( G  
proteins) serve as molecular switches in var- 
ious receptor-coupled signal transduction 
pathways includ~ng those responsihle for 
hormone-regulated adenylyl cyclase activi- 
ty, receptor-stimulated phosphoinos~tide 
lipid turnover, ion cha~x le l  r egu la t io~~ ,  ol- 
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faction, taste, and vertebrate vision ( 1 ,  2 ) .  
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~ r ~ v i d e s  a foundation for understandincr the 
~nolecular hasis hy which rhodopsi~l-stirnu- 
lated G T P  h ~ ~ l d i n t '  to t r a n s d ~ ~ c i ~ l  c o ~ ~ v e r t s  
this molecule into an  activated transducer 
that d~rects  the r egu la t io~~  of a spec~fic ef- 
fector p ro te~n .  

Direct cornparisol~s of the  tertiary struc- 
tures of the  GDP-bound and GTP-y-S- 
hound a, s u h u ~ ~ i t s  indicate that there are 
three regions that undergo changes in ter- 
tiary col l format~o~l  as an  outcolne of GTP- 
G D P  exchange (4). Two of these regions, 
designated as switch I (Ser"' to Thrl" '11 

a,) and switch 11 (Phel" tto Thr215 in a,), 
are a~lalogous to confor~nationally sensitive 
remolls found in the Ras and EF-Tu uro- 
teins, whereas a third region, designated 
swltch III (Asp'27 to Arg'IS 111 ' a,), may 
undergo structural changes that are specific 
to heterotrirneric G protens  (4) .  T h e  
switch I1 region is especially important he- 
cause it serves as a critlcal interface, medi- 
ating the  changes ~nduced  withi11 the 
switch I r e g i o ~ ~  by G T P  h ~ n d i n g  into effec- 
tor recoenition. Thus, i11di\7idual residues 
within the  switch I1 domain have served as 
indicators for G proteln a c t i v a t ~ o ~ ~ ;  two ex- 
amples b e ~ n g  Arg2" of the a, suhunit, 
which is n o  lo~lger sensitive to tryisi11 when 
a, is in the  GTP-bound (or A1F4--hound) 
state, and Trp2" of a,, \vh~cl l  S ~ O W S  an  
enhanced fluoresce~lce when a c t ~ v a t i ~ l g  li- 
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gands (GTP, GTP-y-S, or A1F4-) bind to 
the a, subunit. 

A third amino acid within the switch I1 
region of a,, GluZo3, is highly conserved in 
G protein a subunits, suggesting that this 
residue may be essential for some aspect of 
the activation-deactivation cycle of aT It 
was proposed that Glu203 functions in the 
GTP hydrolytic event by serving as a gen- 
eral base catalyst in the nucleophilic attack 
on the y phosphate by water (3). However, 

Retinal aT aTwt aTE203A 

Retinal a, aTwt aTE203A 

Fig. 1. GTP-binding and GTPase activities of the 
native retinal a, subunit, the wild-type a,, and the 
a&203A mutant. (A) Relative GTPase activities of 
the a, subunit from bovine retina, insect cell-ex- 
pressed + (a,wt), and insect cell-expressed 
aTE203A mutant. Equal amounts (100 nM) of the 
a, subunits were mixed with retinal py, (1 00 nM) 
and assayed for [y32P]GTP hydrolysis (1 7) in the 
presence (open bars) and absence (solid bars) of 
rhodopsin (30 nM) that had been inserted into 
phosphatidylcholine vesicles. The GTPase activi- 
ties of the recombinant proteins are reported rela- 
tive to that of the bovine retinal protein (defined as 
100%; 150 to 180 pmol p2P]Pi released in 10 min). 
(B) Relative r5S]GTP-y-S binding activities of the 
retinal a, subunit and wild-type a, or a&203A 
mutant expressed in insect cells. Equal amounts 
(1 00 nM) of the cl, subunits were mixed with retinal 
py, (100 nM) and assayed in the presence (open 
bars) and absence (solid bars) of rhodopsin (30 
nM) that had been inserted into phosphatidylcho- 
line vesicles for r5S]GTP-y-S binding activity (19). 
The [35S]GTP-y-Sbinding to retinal a,, in the 
presence of rhodopsin and py,, is listed as 100%; 
10 pmol of r5S]GTP-y-Sbinding to 20 pmol of 
retinal a, after 20 min at room temperature. 

this is not the case for the ail subunit (6). 
We also found that this cannot be the case 
for a, when we compared the relative 
amounts of y-32Pi (Pi is inorganic phos- 
phate) produced through GTP hydrolysis by 
the Spodopwra frugiperda-expressed wild- 
type a, subunit and by the aTE203A mu- 
tant (for which GluZo3 has been changed to 
an alanine residue). The wild-type a, sub- 
unit and aTE203A were expressed and pu- 
rified as glutathione-S-transferase (GST) 
fusion proteins (7). When equivalent 
amounts of the recombinant a, subunits 
and a, purified from bovine retina were 
assayed, the aTE203A mutant had a 
guanosine triphosphatase (GTPase) activity 
that was fully stimulated by phosphatidyl- 
choline vesicles containing purified rho- 
dopsin and the purified retinal transducin 
beta gamma complex (py,) and essentially 
identical to that measured for both the 
wild-type protein and the native retinal a, 
subunit (Fig. 1A). The E203A mutant also 
had the same capability for undergoing rho- 
dopsin- and Py,-stimulated exchange of 
[35S]GTP-y-S for GDP as the native retinal 
a, subunit or the wild-type recombinant 
protein (Fig. 1B). 

These findings suggest that the qE203A 
mutant couples properly to both rhodopsin 
and the Py, complex. This is further shown 
by the effects of py, and rhodopsin on the 
pertussis toxin-catalyzed adenosine diphos- 
phate (ADP) ribosylation of the wild-type 
cl, and the aTE203A subunit (Fig. 2). The 
pertussis toxin-catalyzed ADP ribosylation 
of ai and a, subunits is promoted by Py 

subunit complexes and inhibited by receptor 
binding [the latter presumably reflects the 
overlap of the receptor binding domain with 
the O H - t e r m i n a l  cysteine residue that 
serves as the site for ADP ribosylation (8)]. 
The ability of Py, to stimulate ADP ribos~l- 
ation and the ability of rhodopsin to block 
this modification were identical for the wild- 
type a, subunit and for the %E203A mu- 
tant (Fig. 2). 

We examined whether mutating GluZo3 
to alanine affected the ability of a, to 
undergo an activating conformational 
change. The conformational change occur- 
ring in a G protein a subunit as an outcome 
of GTP-GDP exchange, or after the binding 
of AlF4-, results in enhanced tryptophan 
fluorescence (9-12). The x-ray crystallo- 
graphic structures for the a, subunit (3, 4) 
provide a possible mechanism for the fluo- 
rescence enhancement of TrpZo7. Specifi- 
cally, TrpZo7, which lies within the switch I1 
domain, is accessible to solvent in the 
GDP-bound state but is buried between the 
side chains of two hydrophobic residues 
(Leu245 and when a, is in the active 
state. The movement of TrpZo7 and other 
residues within switch I1 toward the P4-a3 
loop that is immediately NH2-terminal 
from switch 111 constitutes one of the major 
structural alterations that accompany the 
binding of activating ligands to the cl, sub- 
unit. The ability of TrpZo7 to undergo this 
movement was not compromised by muta- 
tion of GluZo3; the A1F4--induced fluores- 
cence enhancement for the E203A mutant 
was indistinguishable from that of the na- 

Fia. 2. Pertussis toxin-catalvzed ADP ribosvla- wt I E203A 
ti& of the retinal a, subunit,'the wild-type GST- 

I 

a,, and the GST-*E203A mutant. Equal GST-ar, 1 - 1 I 
ahounts of bovine retinal c1, (2 pg), wild-type 1 
GST-a,, or GST-a&203A mutant were incubated P h O 1 2 2  0 1 2 2  

with the indicated amounts in micrograms of the Rhodopsin - - - + - - - + 

retinal PyT subunit complex and subjected to per- 
tussis toxin-catalyzed ADP ribosylation in the presence of [a-32P]NAD (20). At the end of the reaction 
period (1 hour), Laemmli sample buffer was added, and the samples were subjected to SDS-PAGE 
(13.5% acrylamide). 

Time (s) Time (s) 

Fig. 3. Aluminum fluorideinduced enhancement of the intrinsic tryptophan fluorescence of the a, 
subunit. (A) Retinal a, (250 nM) or (B) aTE203A mutant (250 nM) was equilibrated in a stirred quartz 
cuvette and the excitation wavelength was fixed at 280 nm. The emission was monitored continuously at 
340 nm and a mixture of AICI, (30 ILM) and NaF (5 mM) was added to form an AIF,- complex and activate 
the a, subunits. 
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tive re t in ;~l  a, (Fig. 3 ) .  
Because tl-ic E?L?3A 1nuta11t appeared to 

u~lilerco ,I normal ;~ctivatini_: conformation- 
al c h a ~ ~ u e .  (711 the basis of tl-ie above crite- 
rii~l-i, ~t ~ v a i  surprising to fi11d that the GDP- 
hiiunil form of this mutal1t ~vas  A l e  to elicit 
;I s i g n i t i ~ ~ l n t  s t i n i ~ i l ~ ~ t i ~ l i  of tl-ie cycllc 
ji~i,lli(fii~le 11-io1101~11i1sphatc (&Alp) I ~ l ~ ~ s -  
plic~iliestera~e (PI3E). W e  meas~ire~l  tlic I-el- 
ative ai3iliries of tl-ic native retinal a,, the 
~vilil-tvpe GST-a,  suhul~i t  csprcsseil 111 ill- 
sect cell,, ,inil the GST-aTE103A mut,int 
to c a t , ~ l ~ - r e  cGh)lP PDE activity (Fig. 4 ) .  
T1-i~ retinal cur suloul-iit, \vl-ie~l IoaJeii \\-it11 
GTP-y-S in ,I 1-hoiiii~3sin- aliil Py,-ilepel-i- 
Jc11t mal~l-icr, cauyed a strol~c: stlmuiatloil o t  
PLIE act iv~tv ,  n - l - i ~ r e ~ ~ s  the GDP-liou~lii L)rm 
of ~-etil-i;~l cyT slit-i\vcci lie s t ~ l l - i ~ ~ l a t ~ ~ ~ l .  Essen- 
tially iiientical results \Yere o l - ta l~le~l  n.lt11 
the S. /~~i~qip~.rt ln-esi~re,ce~i \vilil-type a, 
s ~ ~ l . u ~ - i ~ t .  H o L ~ c ~ c ~ ,  the aTE?L?3A ~1111t;l1-it 
htimulated the I'LIE ,ict~\.ity 111 tl-ic ,rl~sc~-icc 
(of rhocit-ipsi~l- k111c1 Py , - s t~~ i~~~l ; r t e i l  GTP-y-S 
loadin:. There  \vas a .;light further ctimr~la- 
t i i ~ n  ~vl icn  pI- ios~l?at idylshol~~~e \-e.iclc.; 
ci~nt,rininq r l ~ o d i i ~ ~ s ~ n ,  Py,, al-iii GTP-y-S 
were aiiiieil to the  ascavs. Tl-ic PLJE activl- 
ties ctimulatcil I>y tl-ic a,E',L73.4 ~-imut,rl-it. 
e\.e11 111 the GLJP-l-o~lnd state, were c o n ~ i s t -  
cnt1.i. 1 6  to 4L1"o l ~ i ~ h e r  than the PDE lie- 
tlvitie.; s t iml~la te~l  Ily either the 17;rtive ret- 
in;ll a,-GTP-y-S ccomples or the  recilmbi- 
nal1t, \vilil-t\-l3e GTP-y-S-l3ou11rl aT. Thi.; 
reflect< tl-ie C,~i't tha t  under otir ass;iy con- 
Ji t ions,  t \ - p ~ ~ i l l y  only 49  t~ Si7"n o t  tl-ie 
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Fig. 4. Reaive cGMP pliosphod~esterase iPDEi 
actviiies of the retna o s ~ ~ b u t i t  and ~ v c - t y p e  R- 

i c \ -~~ t i  or tlie ~,E203A mutant expressed n nseci 
cells. Tile retna a, svbunis were assayed in the 
GTP-y-S-bo~,nci state (open bars'] or GDP-bo~~ticl 
state [ s o d  bars) for their a b t y  to s i t i i~~ la te  cGMP 
hydt-oyss b ) ~  the cGMP PDE 178. 27). The rate of 
cGMP h)~droIyss resultng froln the actwat~on of 
the PDE by the recombnant ct, subunts is fepori- 
eci I-eatve to the actv iy lneasured fof ine GTP-y- 
S-oaded retinal a, (1 0050, 800 to 1000 nmo of 
cGMP nydroyzed pef second and pef nanomoe 
of PDEi. 

Bec;lu.e the  ~ t ~ E 1 0 3 . 4  lillitallt Jtoes 110t 
neeJ  to be l~ciuntl t o  G T P - y - S  to st1mu1;rte 
PDE ,rctivit\-, its ,ri-ilit\. to ncti\,,ite the  
etfector el-i:ynlr is no t  lilniteii h\- this lt-iail- 
ine efticiel~cy. 

T h e  ,rllll~tv i)t the aTE?03A 11-iut;rnt to 
t im~11,rte cGhflP hyilro1~-sii 1.y the PL>E, in 
the a h s e ~ ~ c e  of GTP-y-S-GDP r s c l ~ , r ~ ~ : r e ,  
cal-iliot he attrilyutcti to the pi~ssil.ilit\- t l ~ ~ r t  
si>me percent,ige o t  tl-ie r c c c ~ m l ~ i n ~ n t  mut,111t 
csi.;ts in the GTP-houl-iil sttlte. Thi.; I ~ o s s ~ l l ~ l -  
itv w;is ruleLl out 1yy the til~iiings t l ~ t  the 
aTE?L?3.4 muta l~ t  i.; fi~ll\- c,lp,~Iole t )f 13ell-i~ 
.4LJP-riloosvl,rtc.,l in re,pol-iie tco yertuhsis tos- 
in treatment ,r~lci u~-iiler~oes ,111 AIFi--in- 
iiuceil chance in tryptopl-ia~-i tluioresce~lcc 
(M.IIICII I - C L ~ I I I ~ C S  tl-iilt the cr, sul-un~t i. iui- 
t~all \-  111 tlir GLJP-hou11,i state) that 1s 111111,- 

t ~ n g u ~ ~ h a h l e  from the tluorcscel-ice changes 
measureL\ n.lth the n,itlve retl~l,rl sul>u~-ilt. 
Tl-ius, the data inilic,rtc t l ~ ~ r t  the aTE203A 
Il1Llt;lllt 1s c ~ o l l ~ t l t ~ l t l v ~ l y  ;1ctive ill its <lllility 
to stimulate the target el1:yme. 

T h e  x-ray crystallograyl-iic atuilics o t  c lT 
reveal that c;~LI'" iis sol\.e~it-exyci.;eiiiei anil 
points ~i\v;ry tl-om the P- t -c~i  1~1(111 ( S ( ; S L C I I I C ~  

141 to 2 5 5 )  in l ~ t h  the a,-GlJP mil a,- 
GTP-y-S structure.: (.<, 4). 111 :rJtlition, 
Glu':' fc~i-i-ila an  ion p ~ i r  n.itl1 Lys'"' 111 hot11 
a,. structLires (5). Thus,  \vc propose that the 
G~u""-Lvs'"" ~ n t e r a c t ~ o n  helL>s m,li l~tain 
the a?_ 1-ielic;rl reg1011 ( that  i\, s\vitcl-i 11; 
reslLlues ?L?9 to ?_ 10) 111 a11 il-iact~ve c o ~ l h r -  
I I I ~ I ~ I O I I  \\-hen cur ia I ~ ) ~ i ~ - i i l  to G!313. Under ,I 
normal act1v;rtlon c\.ent (t11;rt IS,  tipi>n ex- 
chal-ige i,t' G T P  t<>r Gi)P) ,  i3ly'"" I~eccmes 
hviiri~qc~-i hol-iJeii to the y-pl-iosphate ot 
G T P ,  \vl-iich In t~ir1-i 1s tl-iought ti, c o ~ ~ v e r t  
c\2 fi-om ,I se\.erely Ll~stc>rted 3-13 hells 1ntc1 
,I  more ~Je , l l  3-lL1 hells.  T111b c11;il-ige is 
,~ccompa~-ilcil 11y the mo\~cme~-i t  o t  the sliie 
chail-is c>t .Arg2"l anid Ari:-'.'4 r<>n.,ri-d G~LI" '  
(n-lth corrrspol-iii~l-ig cl-ianqei In electro>tat- 
IC ~ l l t e r a c t ~ ~ l f i )  and tl-iz nic>\.emcnt i>t 
TrL-"' ti>\v~iril Iae,~"' ,ind Ile"". CIl-ie ~ C V S L -  

I)lliti- tl-i,lt l-i;rs heen r;l~ceil (4) IS  that  as n1-i 
~,Lrtcome ot these cl-ianilcs, 2111 ,rciil~c cl~iater 
ot' CIIIIIIIL) ciciLls  AS^^'"^ L4aL-' 3 4 s  ;i~-i~i G ~ L I '  ") 
\ \>~ t l - i~~- i  h\\-~tcl-i IIi h r ~ > ~ ~ ~ l - i t  ~ l - i t ~ )  p ~ ) h ~ t i ~ > ~ - i  t c  
1)lnil to ;i .tretch c)t hasic aluil-i~, acliis \vitl-ill-i 
the y stih~init L>f [lie target (PDE) niolecule 
( Y ~ ~ , ~ ) .  Hull-cvcr, \ve ~ c n c r , l t c ~ i  ~r t r~p le  mu- 

-,, 
tant 111 \I-hlch Asp-",  AS^^"^, al-iil G~LI '"  
\\-ere all cl-icingeii to a l a ~ ~ ~ l - i e  r e \ ~ i l ~ ~ c s  ;inJ 
t'oul-iii that  tl-ii, reci)ml~lnal-it a, \\.as still 
c a p . ~ ~ l e  o t  st~mul,rril-ig PDE ,rctlviry ( I  3 ) .  
These tind11-i:~ il-idli,lte that tl-ie cl~ister of 
a c ~ ~ i i c  ~ I I ~ I I I ~ )  ;le~cIh ( re<1~1~1es  233 t~7 235) C)II 

fir x e  not a zrir1c:il I~inillnc s ~ t e  tor the 
ctfcctor y,,,,E s ~ ~ l ~ t i n i t ,  and that the nio\,e- 
mel-it of the s\vlrcl-i I1 domain may yrov~cle 
y,.,,;- n.1t1-i dices.; to another \ire on a,  
[yeshaps the pLit,ltl\.e ctlmulatc>r\. cont;icr 
s ~ t e ,  r e ~ i ~ l t ~ e s  203 t<> 3 14 (14.  I;)]. 

In huniniari-. n.e prc,p~>.;e tl-i;rt tlie s ~ ~ h s t i -  
tutlon o t  2111 ;rl,in~ne resldt~e t;)r ,I c l~ i t ; rm~c  

aciil at positit-in 103 111 a, ,illi)\vs the 111ove- 
~uc i l t  o t  Arg"" or .4rgIc4 or both tc-i\varil 
G I L I ' ~ '  ,i11~1 prcomote\ effector h i~i i i i l~g,  even 
111 the ah.ence o t  GTP-GLJP e s c l i a l ~ ~ e .  
Thu ,  the aTE?L13.4 liiutallt Lli~e. not  re- 
quire G T P  Ioil-iiling (througl-i an  i l- i teractio~~ 
\v i t l~  Gl~"" ' )  tor cftector recognition. Ap- 
p,rrently, the mcJvement o t  the KH,-tcrmi- 
11;rI p ~ ~ - l i o n  of tlit. .a.itcli I1 ilomai~n 1s suf- 
ficient to 111ecii;ite eftectt~r recognition. 
Trp2" ~v i th in  the GDP-boul-id forin of the  
aTE?L13.4 mi~t;lnt  apyarel~tl\-  cioes not  move 
to\varil Leu"ti ,rl-iii IIC'~ ' ' ,  as the a;liiitio~~ of 
AlF,-, \vl-iich n-iim~cs the cictiol-i o t  G T P ,  
still ~n i iuceJ  the ~-icce,.;arv movelnel-it of 
TrC2" tto yield a11 e ~ l l i a ~ ~ c e d  fluorescence 
\1g11;11. Thus ,  the results yresenteii l-icre 
iiemon\trate a n  ~ ~ n c i ~ ~ ~ p l l n g  of hot11 recep- 
tor-s t~mulate~l  GTP-GDP excl-ia~~ge and 
GTPase actlylty from G protei11 s t l m u l a t i o ~ ~  
o t  ettector activity. 111 ,rililitiol-i, tl-icy fu r t l~ r r  
p~npoil-it a rqio1-i \vltl~il-i the .;\vitcl-i I1 do- 
lilaill tl-icit ia csselit~al for the gelleratioll of 
target rcciynition aliil \how th,rt t,irget or 
ettector sti1i1~1l~rt101-i can occur i l~cleye~lclel~t-  
1 j  o t  chrinqes 111 tryptoph;111 tluoi-escei~cc, a 
reail-o~it tliat ul3 to i-io\v l i a ~  1-eel1 take11 ,is a 
Jirect monitor o t  G protein actl\.ation. 
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Rearrangemen t-En hancing Element Upstream of 
the Mouse immunoglobulin Kappa Chain J Cluster 
Laurent Ferradini," Hua Gu,? Annie De Smet, Klaus Rajewsky, 

Claude-Agnes Reynaud, Jean-Claude Weill 

Transcriptional regulatory elements have been shown to be necessary but not sufficient 
for the developmental regulation of immunoglobulin gene rearrangement in mouse pre- 
cursor B cells. In the chicken X light chain locus, additional elements in the V-J intervening 
sequence are involved in negative and positive regulation of rearrangement. Here, mu- 
tation of the mouse homolog of a chicken element, located in the VK-JK intervening 
sequence upstream of the JK cluster, was shown to significantly decrease rearrangement. 
This cis-acting recombination-enhancing element affects the rearrangement process 
without being involved in regulating transcription. 

D u r i n g  differcntiatic~n in the  hc~ne marrow, 
most 6 cell precursors undergo successive 
rclunds of immunoglobul i~~ (Ig) gene rear- 
rangement: D-J then V-DJ joining for the 
heavy chain, fc~lloweci hy V-J joining for the  
l ~ g h t  chains ( 1 ,  2 ) .  Because the  same re- 
co~nhillase machinery is involved a t  each 
stage, specific elelnents are thought to ac- 
count for such a developmental regulation 
by contrc~lling the  accessibility of the  loci 
(3). Experi~llellts with transgenic recomhi- 
nation substrates as well as homologous re- 
combi~latioll  have shown that transcrip- 
tional regulatclry elelne11ts are necessary for 
these events to occur (4-6) .  

Usi11g a c h i c k e ~ ~  A light chain transgene 
in its natural ger~nlille configuration, we 
previously sho\ved that,  in acidition to the 
enhancer and promoter, other ele~ncllts lo- 
cated in the  V-I intervelli~le seciuence reg- 
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ulate rearral1gelllellt of this locus in mc~use 
pre-B cells (6, 7). O n e  of these additional 
elelnents r e i i~~ces  rearrangement, hellce we 
call it :I "silencer." T h e  silencer is flanked 
hy one elelllent (or possibly t1vc1) counter- 
actillg its effect, hence we call it an "anti- 
silencer" (6) .  W e  proposed that the silencer 
and alltisilellcer are illvolvecl in e1lsuril1g 
allelic e x c l u s i o ~ ~  at  the  chicke11 A l o c ~ ~ s  18). . , 

O n e  of the chicke11 alltisilellcer elelnents is 
homc~logc~us in sequence and location to 
two palindrolnic motifs (called KI and KII) 
located in  the mouse \I,-], intervening se- 
quence upstseam of the  J,1 gene segment 
and previclusly descrihed as billdillg sites for 
a factor present in mcluse pre-6 and 6 cells 
(9). 

T o  investigate the  role of the KI and KII 
sites in regulating rnollse K light chain re- 
arrangement, a7e generated KI-KII mutant 
mice using the  gene-targeting method in 
mouse e ~ n b r ~ c ~ n i c  stem (ES) cells (10) .  T h e  
vector used for tra~lsfectioll contained a 
murine J, ge~ lc~mic  fraglnellt (1 1 ) in which 
the KI and KII sites were altered by site- 
directed mutagenesis to replace 8 and 9 base 
pairs 1 b ~ )  of the KI and KII sites, resoec- . & ,  

formed by lncubatng the a, subun~ts (2 l ~ g )  w ~ t h  p ~ d  -:-Present address. Laboratory of ln~nunology, Natronal tively, in cIrder tcI llloc]ify the overall strLlc- 
vescles ack~ng  rhodopsn (12) and varous amounts lnst~tute of Allergy and Infectoils Diseases, Natonal lnst- 
of the py, subun~t complex (0 to 2 pg) at rooln tutes of Health, 12441 Parklawn Drlve, Rockv~lle, MD ture of sites (Fig. I*). I n  we 
temperature n atotal voulne of 40 p n rhe presence 20852, USA useci the Cre-losP system of bacteriophage 
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