
cium measurements support this view (10). 
In normal cells, both the SR and Na+- 

Ca2+ exchange will contribute to relaxation 
by removing ca2+ from the cytosol. How- 
ever, the Na+-Ca2+ will be effective only 
when membrane potential (Em) is negative 
to the Na+-Ca2+ exchange reversal potential 
(Ere,). Owing to the inferred voltage depen- 
dence of Na+-Ca2+ exchange, Ca2+ extru- 
sion increases as Em becomes increasingly 
negative to Ere,. Thus, during a single 
twitch the trajectory of the quantity 
Em - Ere, will determine both the onset 
and variation of Ca2+ eflm with time. 

The foregoing facts will have important 
consequences for the regulation of contrac- 
tion in heart muscle. If Ca2+ extrusion is 
abruptly delayed or reduced by prolonged 
membrane depolarization (for example, a 
prolonged action potential in which Em 
spends less time negative to Ere,), the SR 
could sequester Ca2+ normally removed by 
the exchanger. Alternatively, accumulation 
of internal Na+ as a result of glycoside 
applications would collapse Em - Ere,, 
thereby reducing ca2+ extrusion via the 
exchanger, with-resulting increases in the 
SR Ca2+ pool. This enlarged SR Ca2+ store 
would presumably strengthen the subse- 
quent contraction.. In contrast, a brief depo- 
larization (for example, shortened action 
potential) would have the opposite effect. - - 
~ h u s ,  the trajectory of Em - Ere, can regu- 
late competition between the SR and Na+- 
Ca2+ exchange for cytosolic Ca2+. This sug- 
gests volta e dependent control of sarco- 
lemmal Ca8*' extrusion via Na+-ca2+ ex- 
change can provide an effective and delicate 
mechanism for regulating the SR ca2+ 
available for contraction. 
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Cloning and Expression of the Human Interleukin-6 
(BSP-2/IFNP 2) Receptor 

Interleukin-6 (IL-6/BSF-2/IFNP 2) is a multifunctional cytokine that regulates the 
growth and differentiation of various tissues, and is known particularly for its role in 
the immune response and acute phase reactions. A complementary DNA encoding the 
human IL-6 receptor (IL-6-R) has now been isolated. The IL-6-R consists of 468 
amino acids, including a signal peptide of -19 amino acids and a domain of -90 
amino acids that is similar to a domain in the immunoglobulin (Ig) superfamily. The 
cytoplasmic domain of -82 amino acids lacks a tyrosinelkinase domain, unlike other 
growth factor receptors. 

B CELL STIMULATORY FACTOR-2 many biological functions, which include 
(BSF-2) was originally identified as a growth and differentiation activities on B 
Tcell-derived factor that causes the cells (1, 2, 7), T cells (8), myeloma-plasma- 

terminal maturation of activated B cells to 
K. Yamasaki, T. Ta a, Y. Hirata, H. Yawata, Y. Kawani- 

%-producing (I). After the cDNAs shi, T. Hirano, and%. Kishimoto, Division of Immunol- 
were cloned, BSF-2 was found to be identi- ogy, Institute for Molecular and Cellular Biolo Osaka 
cal to he 26-LD protein, IFN-P 2, myelo- universi". 1-3, Yamia-Oka, Suits. Osaka 56Y~apan.  

B. Seed, De artment of Molecular Biology, Masssachu- 
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for Molecular and Cellular Biolo Osaka University, l- 

lished that BSF-2, now called IL-6, has 3, Yamada-Oka, Suita, Osaka 5#: ~ a ~ a n .  

Fig. 1. Flow cytofluoro- 
metry analysis of COP 
cells transfected with 
pBSF2R.236 DNA. 
Left panel: murine COP 
cells (24) transfected 
with pBSF2R.236 DNA 
(-) or CDM8 vector 
DNA (- - -) were stained 
with B-rIL-6 and 
FITC-A as described 
(13). Right panel: COP 
cells transfected with 
pBSF2R.236 DNA 
were stained with -10 
ng of B-rIL-6 and 

. . 
.I 1 5 1'0 loo .1 1 5 10 100 

Relative fluorescence intensity 

F ~ C - A  in the presence fo 200 ng of either rIL-6 (-), rIL-1 (- - - - -), or rIL-2 (- - -). 

Fig. 2. Scatchard plot analysis of the IL-6-R 
encoded by the insert cDNA of pBSF2R.236, as 
well as the IL-6-R expressed on U266 cells. The ,- 0 
IL-6-R negative human T cell line, Jurkat, was ,? 10 20 
transfected-with pZipNeoSVB2R [constructed B 
by introducing the insert cDNA of pBSF2R.236 
at the Bam HI site of pZipNeoSV(X)l (15)j and 3 - 
transfectant (JBSF2R) was cloned. The IL-6 
binding was assayed in both U266 (A) JBSF2R 
(B) as described (14), with 125~-labeled rIL-6 
(specific activity of 6.4 X 1013 cpmlg). U266, Kdl 
= 9.8 * 2.1 pM, Kd2 = 740 2 170 pM, R1 = 
3000 * 480 sites per cell, R2 = 24,000 f 1400 
sites per cell; JBSFZR, Kdl = 17 + 14 pM, Kd2 = 
710 2 110 pM, R1 = 240 * 190 sites per cell, R2 0 5 10 
= 12,000 2 680 sites per cell. Siteslcell x lo3 
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cytornas (4, 5, 9), hepatocytes (6), hemato- 
poietic stem cells (lo), and nerve cells (11). 

To elucidate how one cytokine can medi- 
ate multiple functions, the structure of their 
receptor molecules must be determined. 
However, the low number of cytokine re- 
ceptors on target cells (lo2 to lo3 per cell) 
makes their isolation and characterization 
difficult. We now report the cloning of the 
cDNA for IL-6 receptor (IL-6-R) utilizing 
a high-effiqiency COS7 cell expression sys- 
tem with the CDM8 vector (12). The ex- 
pressed receptors were detected with biotin- 
ated-recombinant IL-6 (B-rIL-6) and fluo- 
rescein-conjugated avidin (FITGA). 

We constructed a cDNA library from 
polyadenylated [poly(A)+] RNA of a hu- 
man NK-like cell line, YT (12). Plasmid 
DNA was transfected into monkey COS7 
cells, and the cells were stained with B-rIL- 
6 and FITC-A. Cells expressing the IL-6-R 
were obtained with a fluorescence-activated 
cell sorter (FACS), resulting in the identifi- 
cation of a candidate plasmid clone, 
pBSF2R.236 (13). To confirm that this 
clone contained the cDNA encoding IL-6- 
R, we used murine COP cells for efKcient 
expression. More than 10% of pBSF2R.236 
transfmed COP cells expressed IL-6-R as 
measured by B-rIG6 binding when com- 
pared to the control cells transfected with 
CDM8 vector DNA. Moreover, the binding 
of B-rIL-6 was competitively inhibited by 
excess amounts of rIL-6, but not rIL-lP or 
rIG2 (Fig. 1). 

JBSF2R, a stable transfectant expressing 

Fig. 3. RNA blot analysis of IL-6-R mRNA. 
Poly(A)+ RNA was isolated from U266 (lanes 1, 
3, and 8), U937 (lane 2), CESS (lane 4), BL29 
(lane 5), Jurkat (lane 6), and YT (lane 7). RNA 
(10 pg) was denatured and subjected to blotting 
analysis (26) using the insert cDNA of 
pBSF2R.236 as a probe (lanes 1 to 7). The filter 
was exposed for 20 rnin (lane 1) or 16 hours (the 
other lanes). The arrow indicates the specific band 
hybridized t~ pBSF2R.236 cDNA. The band 
corresponding to -28s is not specific, because it 
disappears when the Fsp I-Esp I fragment (see 
legend to Fig. 4A) was used as a probe (lane 8). 
The number of biding sites per cell, estimated by 
Scatchard analysis, were 29,000, 2,800, 2,700, 
and 3,700 for U266, U937, CESS, and YT cells, 
respectively. BL29 and Jurkat cells showed no 
detectable IL-6 biding sites. 

. - W . - "  M 
u a a  n u 
m m m  rn Pn 

iiii i 
Probes 

(A)" 
(A)" 

1 AT6 CTC GCC CTC CCC TEE CCC CTC CTC CCT CCC CTC CTC CCC GCC CCC CGA GCC CCC CTC CCC CCA AGC CGC TCC CCT CCC CAC GAG GTC 
1 kt Leu A l a  V a l  C l y  Cy r  A l a  Leu  Leu  A l a  A l a  Leu  Leu  A l a  A l a  P r o  C l y  A l a  A l a  Leu A l a  P r o  A r g  A r g  Cys P r o  A l a  C l n  C l u  V a l  

91 GCA A M  CGC CTC CTC ACC ACT CTG CCA CWI W C  AU: CTE ACT CTC ACC TCC CCC CCC CTA M C  CCF C M  WIC M T  CCC ACT CTT CAC TGG 
31 A l a  A r g  C l y  V a l  Leu  T h r  S e r  L e u  P r o  C l y  Asp Se r  V a l  T h r  Leu T h r  CYS P r o  C l y  Va l  C l u  P r o  C l u  ASP ?:: !?: V a l  H i s  T r p  

181 CTG CTC ACC M C  CCC GCT GCA CGC TCC CAC CCC AGC AG4 TGC CCT CU: ATC CGA ACC AGC CTC CTC CTC AGC TCC CTC CAC CTC CAC LCC 
61 Va l  Leu A q  L y s  P r o  A l a  A l a  C t y  Se r  H i s  P r o  Se r  A r g  T r p  A l a  C l y  Het C l y  A r g  A r g  Leu Leu  Leu A r g  Se r  V a l  C l n  Leu H I S  Asp 

271 TCT CWI Mt TAT TCA TEE TAC CGC GCC GCC CGC CCA GCT CGG ACT CTC CAC TTC CTC CTC GAT CTT FCC CCC GAG W CCC UH; CTC TCC 
91 S e r  C l y  if: 1~ Cys T y r  A r g  A l a  C l y  A r g  P r o  A l a  C l y  T h r  Va l  H i s  Leu Leu  V a l  Asp V a l  P r o  P r o  G l u  C l u  P r o  C l n  Leu Ser  

361 TCC TTC CCC M C  ACC CCC CTC AGC M T  CTT CTT TCT GAG TG6 CCT CCT CCC AGC ACC CCA TCC CTC ACC ACA M C  CCT CTC CTC TTC GTG 
121 Cys Phe A r g  Lys  Se r  P r o  Leu  Se r  A m  V a l  V a l  Cys C l u  T r p  C l y  P r o  A r g  S e r  T h r  P r o  S e r  Leu T h r  T h r  Lys  A l a  V a l  Leu  Leu Va l  

451 ACC AN TTT CAC MC ACT CCC CCC W GM: TTC CAG CAC CCC TCC CAC TAT TCC CAC WIG TCC W C  M C  TTC TCC TGC CAC TTA GCA GTC 
151 A r g  L y r  Phe C l n  A m  Se r  P r o  A l a  C l u  Asp Phe C l n  C l u  P r o  Cys G l n  T y r  Se r  C l n  C l u  Se r  C l n  Lys  Phe Se r  Cys C l n  Leu A l a  V a l  

541 CCC WC CWI GM: ACC TCT TTC T N  ATA CTC TCC ATC TCC CTC GCC ACT ACT CTC CCC AGC eM; TTC ACC AM ACT CM ACC TTT CAC GGT 
181 P r o  C l u  C l y  Asp Se r  Se r  Phe T y r  l l e  V a l  Se r  Met Cyr V a l  A l a  Ser  Se r  V a l  C l y  Ser  L y r  Phe Se r  L y r  Th r  C l n  Th r  Phe C l n  C l y  

631 TCT ca ATC TTC CAG CCT GAT ccc c n  ccc MC ATC AW CTC ACT ccc CTG ccc AGA MC ccc CGC TCC CTC ACT CTC ACC TGG CM WIC 
211 CyS C l y  118 Leu  C l n  P r o  Asp P r o  P r o  A l a  Asn I l e  Th r  V a l  Th r  A l a  Va l  A l a  A r g  Asn P r o  A r g  T r p  Leu  Ser  V a l  Th r  T r p  C l n  Asp * . . . . . . . . 
721 CCC CAC TCC TCC MC TCA TCT TTC TAC A M  CTA CC& TTT GAG CTC AWI TAT CCC CCT CAR CGC T W  M C  ACA TtC ACA ACA TCC ATC GTC 
241 P m  H I S  Se r  T r p  Asn S e r  Se r  Phe T y r  A r g  Leu A r g  Phe G lu  Leu A r g  T y r  A r g  A l a  C l u  A r g  Se r  Lys  T h r  P k  T h r  T h r  T r p  Met Va l  **. ... ... 
811 MC wc CTC CAC CAT CAC TCT CTC ATC CAC CAC ccc rcc AGC csc crc ACG CAC crc c ~ c  CAC CTT ccr ccc CAC GAG GAG rrc ccc uvl 
211 LYS ASP Leu  C l n  HIS H i s  Cys V a l  I l e  H i s  Asp A l a  T r p  Se r  G l y  Leu ~ r g  HIS  V a l  V a l  G l n  Leu  ~ r g  A l a  C l n  G l u  C l u  Phe G l y  C l n  

901 CCC WSI TCC AGC CAC TGC ACC CCC GAG CCC ATC CGC ACC CCT TCC ACA C M  TCC ACC ACT CCT CCA CCT GAG M C  M C  CTC TCC K C  CCC 
301 C l y  C l u  T r p  Ser  C l u  T r p  Se r  P r o  C l u  A l a  Het C l y  Th r  P r o  T r p  Th r  C l u  Ser  A m  Ser  P m  P r o  A l a  C l u  A m  C l u  V a l  Ser  Th r  P r o  

ATC CAC CCA CTT ACT ACT M T  AM GAC WIT WIT M T  ATT CTC TTC AGA CAT TCT CCA M T  CCC ACA AGC CTC CCA CTC C M  WIT TCT TCT 
*t C l n  A l a  Leu  T h r  T h r  Asn L y s  Asp Asp Asp Asn I l e  Leu Phe A r g  Asp Ser  A l a  A m  A l a  T h r  Ser Leu P r o  V a l  C l n  A s p L  ... ... .*. 
TCA CTA CCA CTC CCC ACA TTC CTC C l l  CCT CWI CCC K C  CTC CCC TTC CWI ACC CTC CTC TGC ATT CCC ATT CTT CTC ACC TTC M C  PAC 
S T  V a l  P r o  Leu P r o  T h r  Phe Leu  V a l  A l a  C l y  C l y  Ser  Leu A l a  Phe C l y  T h r  Leu  Leu Cys I l e  A l a  l l e  Va l  Leu A r g  Phe Lys  Lys  

ACG TCC M C  CTC CCC CCT CTC AN CM CGC M C  ACA ACC ATC CAT CCC CCC TAC TCT TTC CCG CAC CTC CTC CCC WC ACC CCT CLC CCC 
Th r  T r p  Lys  Leu  A r g  A l a  Leu  L y s  C l u  C l y  Lys  T h r  Se r  k t  H i s  P r o  P r o  T y r  Se r  Leu C l y  C l n  Leu V a l  P r o  C l u  A r g  P r o  A r g  P r o  

ACC CCA CTG CTT CTT CCT CTC ATC TCC CCA CCG CTC TCC CCC ACC AGC CTC CCC TCT GM: M T  ACC TCC AGC CAC M C  CWI CCA CAT G K  
Th r  P r o  Va l  Leu V a l  P r o  Leu  I l e  Se r  P r o  P r o  V a l  Ser  P r o  Se r  Se r  Leu C l y  Se r  Asp Asn T h r  Ser  Se r  H i s  Asn A r g  P r o  Asp A l a  ... *.* ..* 
ACC GAC CCA CU; ACC CCT TAT WIC ATC AGC M T  ACA GAC TAC TTC TTC CCC A M  TAG CTCGCTCCCTCGCACCACO,CCCTGWICCCTCTCWITLCCAAA 
A r g  Asp P m  A r g  Se r  P r o  T y r  Asp I l e  Se r  Asn T h r  Asp T y r  Phe Phe P m  A r g  --- 
A C A C M A C C C G C T C A C C M M W I T G C T T C T C A C T C C C A T C C C A  

CTGCTCCACCTCTTCACCTCCTT~CCTTTCMI\CCTCCCTTTCCMI\TCtCWCCTTMACCGCTTAWICTCMCTTCCCCCACTCTWWIWMCATATWIIGM:TCTTTCWICAC 

T ~ ~ ~ C ~ C T ~ A A M C C T ~ ~ ~ ~ A ~ T T C ~ T ~ ~ ~ ~ C ~ C T C C C T C T C C A G M ~ C C C T C C C A ~ C ~ C C C T C M C A ~ C T C T C ~ C M C ~ T C ~ C C C T C A C C ~ C T C C G A T C ~ T T T  

C C A C C W C C C T C C T C C A C C C G C C A T G C T C C T C C C C  

~~TTTTACTTAMCCCCMCCCCTCCCC~CARCCTCTCTCCTCCCTTTCTTCCCTA~ACTTC~~CCTWICCCTCACTC~TCARTMTACACTAT~CACCC~CTC~T~~TT 

TTCMU\GMTTATMTTACTTCCTWTTACWCTTTTCKTAAATCTCMTWITWITCCTACKATTTGCTCAATACAW\CCUACTCCATTCCCTTTCCCTTCCACMCCTCACCTC 

AWVU;CA~CWGGAM~WICCCGCACACCCTCTCTACCATCKCTCTAWICTCCWCTWICTCCCCWITCACACCCTCT~CCMTCTTCTCTCTTCTCCAKTCCCACM 

ACWIWICCTACU~CCWICGCCTTCTCCWTTTCTWIWITCWCCTm~TCCACCTTTCTTTCTTCTCACCTWCTff iCTMCTACCCM~TMTATTMG~CM 

TOTWWVICMMATGAGCCTCCCMGMTCCCTTTMM:TTCCTT~~TCCTWICTCTTTTCTCTTWIWICffiT~TATCCMTATTCGCTCTCTWGCATAGAAGTM 

CTTRTTACCTCTGM;GWVU;CACCATMCTTTCTTTACCCCAMACWACTCMCT~ACWICA~TATTTTCCTCCCACCUTCWICKCCACCCACTTCCCWIC 

~ T ~ C A G W I C ~ T C ~ T T W C T C C A C M C T T T W I W I T C A G C C T W C M T C T ~ ~ ~ C C C W T C T C T A C A M A A G C ~ ~ ~ T T A C C C M C T C T C C T A W C T C T G C C T W ~  

CC~TACTTCCGCCGCTWIffiTCC~CWITCTCTTWGCCTCCMffiTCMCCCTCCAGTWGCCWIWITTCCACWT~ACTCCACCCTCCCCTWICACAGCMCTWACCCTC 

T C T P  

Fig. 4. (A) Restriction endonuclease cleavage map of the insert cDNAs of pBSF2R.236 and other five 
clones. (B) Combined nucleotide sequence and deduced amino acid sequence of the insert cDNAs of 
pBSF2R.236 and other five clones. Numbers at the left margin of the sequence show positions of 
nucleotides and amino acids, respectively. The asteriks show potential N-glycosylation sites (Asn-X-Serl 
Thr); the underlined region is a presumed signal peptide; the box encircles a presumed transmembrane 
domain; the dots identify a possible poly(A) addition signal. Sequencing was performed by the chain 
termination method (2). 
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Fig. 5. Alignment of IL-6-R domain to Ig superfamily protein domains. I L - 6 4 ,  CSF-1-R (27) and human Ig V kappa chain V-I11 region (28) sequences 
were aligned to several proteins of Ig superfamily (20) by inspection. (*) Conserved patterns common to the V, C1, and C2 sets; ($) common to the V and 
C2 sets; (#) common to the C1 and C2 sets (20). The known locations of P-strands in Ig V domains are marked with bars and capital letters above the bars. 
The numbers above the aligrnent represent positions of amino acids of IL-6-R sequence. The position of the putative disultide bridge within IL-6-R domain 
is indicated by S - - - S. 

the IL-6-R from pBSF2R.236, was estab- 
lished from an IL-6-R negative human T 
cell line, Jurkat. Scatchard plot analysis was 
performed by the nonlinear least squares 
method in the AOSNS (Data General 
Corp. Operating System) version of SAS 
release 4.07 (SAS Institute Inc., Cary, 
North Carolina) and the result was consist- 
ent with two classes of IL-6-R: a high- 
affinity binding site [dissociation constant 
(Kdl) -10-11~ ,  number of sites per cell 
(Rl )  -240 f 190 (SE)] and a low-affinity 
binding site (Kd2 - 1 0 - 9 ~ ,  -12,000 f 
680) (Fig. 2B). The myeloma cell line, 
U266, Scatchard plot was also consistent 
with there being two classes of IL-6-R with 
approximately the same Kd values as the IL- 
6-R of the JBSF2R transfectant cells (Fig. 
2A). The pBSF2R.236 cDNA, therefore, 
can code for both high- and low-affinity 
binding sites, although the mechanism that 
determines the affinity of the IL-6-R re- 
mains to be elucidated. 

The expression of IL-6-R mRNA was 
analyzed by RNA blots (Fig. 3). The 
pBSF2R.236 cDNA probe hybridized to a 
single species of mRNA of approximately 
5000 nucleotides (nt), extracted from the 
YT cell line. Similar length IL-6-R mRNA 
was also detected in RNA extracts of the 
myeloma cell line U266, the histiocytic leu- 
kemia cell line U937, and the Epstein-Barr 
virus-transformed B cell line CESS. In fact, 
these cell lines had been shown to express 
IL-6-R (14). However, the T cell liae Jurkat 
and the Burkitt's lymphoma cell line BL29, 
both of which had no detectable IL-6-R 
(I#), had no mRNA that hybridized with 
the probe. The relatively high concentration 
of IL-6-R mRNA in U266 cells may indi- 
cate that IL-6 hc t ions  as an autocrine 
growth factor for myeloma cells (5 ) .  

Although pBSF2R.236 contained the in- 
sert cDNA for the coding region of the IL- 

6-R mRNA, it did not contain the fill 
mRNA sequence, as it was only 2200 nt 
long. To obtain the entire sequence cDNA, 
we probed the same cDNA library with 
different labeled fragments (Fig. 4A). Three 
additional clones contained insert cDNAs 
corresponding to several parts of IL-6-R 
mRNA. Two other cDNA clones were also 
isolated from a AgtlO cDNA library from 
U937 cells as described (2). Four of the 
insert cDNAs have the same 3' end followed 
by the poly(A) sequence (Fig. 4a). Possible 
poly(A) addition signals (ATAAAA) are at 
positions corresponding to residues 161 and 
186, 200 nt upstream of the poly(A) se- 
quence, a position that corresponds to those 
previously described (15). 

The nucleotide sequence (Fig. 4B) was 
confirmed by data on the independent 
clones. There is a single open reading frame 
which is included in the cDNA of 
pBSF2R.236. In this frame, the initiator 
ATG, which conforms to the described cri- 
teria (16), is followed by 467 codons before 
the termination to triplet TAG. A hydropa- 
thy plot (17) of the deduced amino acid 
sequence of IL-6-R showed two major hy- 
drophobic regions, one located between res- 
idues 1 and 20, and the other located in the 
region of residues 359 to 386. The former is 
presumably a typical signal peptide, with the 
predicted cleavage site between Ala19 and 
~ e u ~ '  (18). The latter, the putative trans- 
membrane domain, is immediately followed 
by positively charged residues (Arg-Phe- 
Lys-Lys), which may represent the stop 
transfer signal anchoring the IL-6-R in the 
membrane during biosynthesis (19). There 
are six potential N-linked glycosylation sites 
(Asn-X-SerIThr) (five in the extracellular 
domain and one in the intracellular do- 
main). 

The comparative sequence data were ob- 
tained fron? the National Biomedical Re- 

search Foundation database (Bolt Beranek 
and Newman, Inc.) and Genetic Sequence 
Data Bank (Los Alamos National Labora- 
tory). Homologies were found with several 
members of the Ig superfamily, including 
the Ig light chain variable (V) region, the 
rabbit poly-Ig receptor, the CD4 molecule 
and the alpha-1-B-glycoprotein (alpha 1 B- 
GP) . Furthermore, the IL-6-R sequence 
between position -20 and - 110 M l l s  the 
criteria proposed by Williams and Barclay 
(20) for the constant 2 (C2) set of Ig 
superfamily as shown in Fig. 5. The IL-6-R 
sequence does not contain the loop (C' and 
C") between the P-strands C and D, which is 
characteristic of the V set. The distance 
between ~~s~~ and ~~s~~ is 50 residues, as 
described for the C2 set (20). The C2 set 
includes several adhesion molecules, the 
platelet-derived growth factor (PDGF) re- 
ceptor, the colony-stimulating factor 1 
(CSF-1) receptor, the Fc y receptor, and the 
alpha 1 B-GP (20). The receptors for poly- 
peptide growth factors, such as PDGF, 
CSF-1, and IL-6, could then be grouped in 
the C2 set. 

The IL-6-R lacks tyrosine kinase do- 
mains, ~nlike some other growth factor 
receptors, although IL-6 has been found to 
be a potent growth factor for myeloma- 
plasmacytoma cells (4, 5, 9). Receptors for 
nerve growth factor (21) and growth hor- 
mone (22) also lack the tyrosine kinase 
domain. The mechanism (or mechanisms) 
of its signal transduction for growth and 
differentiation could be mediated through 
an unknown biochemical pathway. 
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A Monoclonal Antibody to the a Subunit of Gk 
Blocks Muscarinic Activation of Atrial I(+ Channels 

The activated heterotrimeric guanine nucleotide binding (G) protein Gk, at subpico- 
molar concentrations, mimics muscarinic stimulation of a specific atrial potassium 
current. Reconstitution studies have implicated the a and f3y subunits as mediators, 
but subunit coupling by the endogenous G protein has not been analyzed. To study 
this process, a monoclonal antibody (4A) that binds to ak but not to py was applied to 
the solution bathing an inside-out patch of atrial membrane; the antibody blocked 
carbachol-activated currents irreversibly. The state of  the endogenous Gk determined 
its susceptibility to block by the antibody. When agonist was absent or when activation 
by muscarinic stimulation was interrupted by withdrawal of guanosine triphosphate 
(GTP) in the presence or absence of guanosine &phosphate (GDP), the effects of the 
antibody did not persist. Thus, monoclonal antibody 4A blocked muscarinic activation 
of potassium channels by binding to the activated G protein in its holomeric form or by 
binding to the dissociated a subunit. 

C OUPLING BETWEEN THE ATRIAL 

muscarinic acetylcholine receptor 
and the potassium channel current 

(KAfCh) that it activates (1) is thought to be 
independent of a cytoplasmic second mes- 
senger pathway (2). G proteins were impli- 
cated as coupling agents because whole-ceU 
KiCh currents required guanosine triphos- 
phate (GTP), were decreased by pertussis 

possibility of G protein mediation indepen- 
dent of cyclic nucleotide second messengers 
was noted (3). Analysis of the whole-ceU 
currents may be complicated, however, by 
the presence of a MX-insensitive nonselec- 
tive cation current related to phosphoinosi- 
tide hydrolysis (6 ) .  The demonstration that 
another nonhydrolyzable GTP analog, gua- 

, A 

;oxin (PIX) (j), and became independent of 
A. Yatani and A. M. Brown, Department of Phvsiology 

ligand in the presence the nOnh~drO1~za- and Molecular Biophysics, Baylor College of ~ed ic ine ,  
ble GTP analog 5'-guanylylimidodiphos- One Baylor Plaza, Houston, TX 77030. 

H. Hamm and M. R. Mazwni, Department of Physi- phate ( G ~ ~ N H ~ )  (4)' The ef- ology and Biophysics, Universi of Illinois, College of 
fects on the atrial membrane potential and Medicine at Chicago, clungo,?L 60680. 

J. Codiia and L. B~rnbaumer, Department of Cell Biolo- 
pacing were by (5)' gy, Baylor College of Medicine, One Baylor Plaza, 

Taken together with the results in (2), the Houston, TX 77030. 

Fig. 1. "Dot blots" of  the 
reaction between mAbs 4A 
and 4H (13) and transducin 
holoprotein G,(apy,) (lanes ng 
1 and 6), a,-GTPyS (lanes 2 
and 7), the py subunit of  40 
transducin (py,) (lanes 3 20 
and 8), ak-GTPyS (lanes 4 
and 9), and co~ltrol  protein 10 
(trypsin inhibitor) (lanes 5 
and 10). Dot  blots were per- 
formed as described in (12),  2,5 
and antibody binding was 
detected by 1251-labeled pro- 1.25 
tein A binding and autoradi- 0,62 
ography of  do t  blots. The  
mAb 4A has a similar &ni- 0.31 
ty for apy ,  and a,, lower 
affinity for a k ,  and n o  affinity for py,. 

MAb 4A MAb 4H 

1 2 3 4 5  6 7 8  9 1 0  
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