
weeks The Images were photographed and dlgi- 
tized The hybrldlzation slgnal of the radiolabeled 
probe appears as white grans. All specmens were 
observed under dark feld illum~nat~on after nuclear 
counterstain with hematoxylin. Immunosta~n~ng for 
factor VIl-related antgen (4) confirmed that njury 
was limited to endothe i~~m 

23. Bindlng was carrled out in buffer containng 50 mM 
NaCl. 5 mM MgCl,, 596 glycerol, 2.5 !nM Hepes !pH 
7 9), 1 lpg of polydeoxy~nos~nic-deoxycyt~dyl~c acid, and 
20 k g  of BSAfor 30 min at 22°C Polyclonal antlpeptide 
antibodes to Spl and Egr-1 (Santa Cruz Botechnoo- 
gy, Santa Cruz, CA) were Incubated ~11th  nuclear ex- 
tracts 15 mln before the addtlon of the probe. 

24, d77mEgr-CAT was constructed w~ th  the Llse of an 
ol~gonucleot~de bearng the Oligo Bm (12) sequence 
as the 5'  primer for the polymerase chaln reacton. 
Transfectons n BAECs were periorlned w th  10 k g  of 
reporter paslnd and the calcium phosphate protocol 
170) The cells were incubated with PMA (100 nglml), 
cotransfected with CMV-Egr-l , or Injured w th  aster- 

e comb (8), and then incubated for 36 hours at 37'C 
CAT activlty was assessed by the two-phase fluor 
diffusion technique (73) and was normazed to the 
amounts of proten In the cell lysate. 

25. Recolnbnant Egr-1 was Incubated with "P-OIgo B 
(72) for 30 min at 22'C and applled to a running 
nondenaturng 596 polyacrylamide gel at the tmes 
Indicated Alternatively, a 1000-fold lnolar excess of 
the unlabeled cognate was added after the 30-min 
incubation and applied to the gel (21) 

26 ncreasng amounts of recombnant Egr-1 were ap- 
plied to a solut~on in which Sp l  was prencubated 
with 32P-OI~go B (12) for 30 m n  at 22'C (Fg 3B, left 
sde). Alternatvey, 32P-01~go B was incubated ~ 1 1 t h  
a fixed concentration of Sp l  and decreasing 
alnounts of Egr-1 (Fig. 3B, right side) (27). 

27. Proteln lnrnunoblots were analyzed ~ 1 1 t h  polyclonal 
antibodies to Egr-1 and Sp l  (1 :2500: Santa Cruz 
Biotechnology) and to PDGF-B (1 200, Genzyme) 
Immunoreactive proteins were detected by en- 
hanced chelnluminescence (Amersham) wlith horse- 

Sperm-Egg Binding Protein or Proto-Oncogene? 

Recen t ly ,  D. J.  Burks et al. (1 )  identified 
and characterized a human sperm receptor 
protein tyrosine kinase (RPTK),  called 
Hu9, as a receptor for ZP?, a glycoprotein of 
the  egg-surrounding matrix, zona pelucida. 
T h e  findilltr 1s a s t e ~  forward In our under- 
standi~lg of the initiation of the acrosonle 
reaction. However, the sequence presented 
hears some features that are problematic: 

1)  T h e  RPTK Hu9 is virtually identical 
over large parts with the human putative 
proto-oncogene c-mer (2 ) ;  in these regions, 
Hu9 is more similar to human c-mer than is 
the  mouse orthologue of c-me7 (3) (Fig. I ) .  
c-mer is a member of the  growing nxl sub- 
fanlily of RPTK genes that is characterized 
by high sinlllarity and conservation of spe- 
cial features among the  tyrosine kinase do- 
mains and hy the presence of two immuno- 
globulin (Ig) and two fibronectin type 111 
(FIiIII)  dolnal~ls in its extracellular parts 
(3) (features that are missing in Hu9) .  This 
family includes c-eyk ( 4 ) ,  which has [as 
reported hy Burks et al. ( I ) ]  55% identity to 
Hu9 in the  catalytic domain. 

2 )  Although Burks et al. (1 ) did not find 
any similarity to other protelns in the ex- 
tracellular part of Hu9, the first 70 anlino 
acids are almost iJentlcal with a n  extracel- 
lular region of human c-mer and still 48% 
identical to the  corresponding region in 
c-ey/t (Fig. 1A) .  

3) T h e  proposed signal peptide of Hu9 
is unusual as it is alnlost entirely composed 
of hydrophilic rather than hydrophobic res- 
idues. This putative signal peptide is iden- 
tical with a region within the second FNIII 
donlain in the  much lareer extracellular 

D 

part of c-mer and si~llilar to other axl-like 
RPTKs. F N I I I  modules are plohular do- 
malrs conlmon to Inany extracellular pro- 

teins (5); it is extrelnely unlikely that a part 
of a elohular Jolnain w ~ t h  a known B-sand- u 

wich fold is ahle to f ~ ~ n c t i o n  as a memhrane- 
spanning helical segment. T h e  k~resence of a 
signal sequence upstream fro111 the stated 
(1 )  NH,-terminus is also supporteJ by 73 
bases of the  /lug complementary D N A  
(cDNA)  (GenBank database accessioll no. 
L08961) upstream of the  predicted protein 
that are identical to human c-mer. 
4) Two reeions of Hu9 seen1 to he 

c7 

frameshifted as co~llpared with c-mer and 
the  other nxl-like RPTKs: one is located 
proxilllal to the  transmenlbrane regloll and 
the other wlthin the kinase dolnain (Fig. 
1 A ) .  In  hot11 cases, the cDNA is 100'X 
identical to human c-mer, hut the reported 
(1 )  amino acld sequence of Hu9 is totally 
different. 

5 )  Hu9 contai~ls  two i~lserts conlpared 
to the axl-l~ke RPTKs. T h e  insert in the  
extracellular part contai~ls  a segnlent of 22 
residues that is ident~cal  (except for two 
small gaps) to a part of a n  Ig-like do~l la in  in 
rat PDGF receptor P (Fig. 1B). T h e  t\vo 
fl-amesllifteil r eaons  are located a t  the end 
of these inserts. In the  case of alternative 
splicing this could he explained hy difficul- 
ties in finding the exact termination of the 
introns. 

How can one  make sense out of these 
ohservations? I offer two extreme inter- 
nretations: 

1 )  Hu9 could contain an  extremely 
high secluencing error rate and could be 
iilentical to with human c-mer: ( i )  the 
c D N A  1s far fro111 hemg complete; it can be 
extended in both directions, hy ahout 400 
allllno acids upstream fl-om the  NH2-termi- 
nus as well as by 30 ammo acids or so 
dow~lstrealll from the  COOH-terminus. (i i)  

radsh peroxdase-inked donkey secondary antser- 
urn to rabbt ~mlnunoglobul~n at 1 10,000 dilution 

28 J T. Kadonaga. K A. Jones, R Tjian. fiends Bio- 
chem. SCI 11, 755 (1 986). K. A. Jones, J. T. Ka- 
donaga, P A. Luclw, R. Tlian. Sc~ence 232, 755 
(1 986). 

29 B Christy and D Nathans, P ~ o c  Natl. Acad. SCI 
U.S A. 86. 8737 (1 989) 
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from N H  (T.C ) and the Amercan Heart Assocaton 
(V.L.). L M.K is a C. J Martln Postdoctoral Re- 
search Fellow (National Health and Medlcal Re- 
search Councl of Australia) and a recplent of a J 
Wilialn Fulbright Postdoctoral Research Award T C. 
IS an Established nvestlgator of the Alnerican Heart 
Assocaton. 
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As the  Hi19 R N A  was apparently extracted 
from a testis library that includes cell nu- 
cleii (1 ), the  /1~19 c D N A  could correspond 
with a nuclear pre-mRNA tra~lscript or a 
defectively spliced transcript, implying that 
the  two inserts would he spliced out of the  
mature R N A .  (iii) T h e  putative (double) 
frameshifted regiolls could be corrected hy 
Insertion or deletion of four hases in the  
appropriate positions (Fig. 1 )  leading to 
100% c-mer iilentitv. i iv) Numerous snlall , . 
errors such as multiple omission of hases 
could be corrected. Finally, a protein with 
a n  estinlated mass of about 95 kL3 could 
result, very sinlilar in size to a ZP3 receptor 
characterised earlier in mouse and human 
hy the salue group (6) .  T h e  interaction of 
the  Ig doinains with ZP3 would make sense, 
as ZP3 also contains a module (ZP) that is 
colllmon to other zona pelucida proteins (7). 
Thus, a fine-tuned network of Ig-ZP inter- 
actions could initiate the signaling processes 
required for the conlplex acrosonle reaction. 

2) Although unlikely, one could argue 
that the  sequence presented shows very re- 
cent evolution at work. ( i )  Hu9 would then 
be one of the first traceable cases where 
evolution incorporates frameshifts to create 
varietv ~n nroteins. (11) T h e  inserts in Hu9 , L ~, 

compared to c-Mer and other nsl-like 
RPTKs could he natural and ~17ould he ex- 
plained by alternative splicing or exon shuf- 
fling. T h e  high sinlilarity to a part of a 
glohular Ig-like domain in PDGF receptor P 
supports the  latter; reports of an  alternative 
splicing site in human c-mer proximal of the 
~llenlbrane (2 )  point to the former. (iii) 
Alternative spliclng might also lead to a 
truncated c-mer-like receptor that lnlsses a 
large fractic~n (,f the NH,- term~nus and does 
not  contain a signal secluence ( that  IS, a 
nearly full-length c D N A  has heen present- 
ed) .  ( iv) As Hu9 is closer to human c-mer in 
the  regions of similarity than the putative 
mouse c-mer ortholog, one conclusion 
\vould he that divergence of Hi19 occurreil 
after the  descent of humans a n ~ l  roilents. 
T h ~ s  would, however, exclude a mouse or- 
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A 
c-n!er dlff. 
chicken c-eyk 
mouse c-mer 
human c-mer 
human hu? 
alternative 
differences 
domains 

c-mer diff. 
chicken c-eyk 
mouse c-mer 
human c-mer 
human hug 
alternative 
differences 
domains 

f = n d n 7 * = #  n c n n  

3 63 U'ITASTTEGAPTTQPL~T~SLNESSSFLEIR~~~VKPPLERTHGELQGYHIU'~T~~:QDSKGLQNISLEAQPNATVAILP\VATNATCSVRVAAVTKGGVGPFSS PV 
368 WILASTTEGAPSVAPLNITVFLNESNNIL3IRiSTKPPIKRQ~ELVGYRISHWiESAGTYKZLSEE\~SQNGS~~~AQIPVQIHNATCWRIMITFGGIGPFSEPV 
3 7 3  WILASTTEGAPSVAPLNV~PLNESSDNVDIR~*TMKPPTKQQDGELVGYRISHVQSAGISKZLLEEVGQNGSRARISVQVHNATCWRIMVTRGGVGPFSDPV 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~IKPITKQQ-GELVGSRISHVdQSAGISKELLEEVGQNGSRARISVQVHNATC~IRIAAVTKGGV~GPFSDPV 

-24 WILASTTEGAPSVAPLNVTVPLNE A 

* * * * * * * * *  * * * * 

* K 8 iidd ii K K K  K K  * i K 

. ..EVFVPAS GLITSSPSSTPASGNTDSFIVALGFVCGTVAVGLILCLSTJIQKRCMETKYGNAFSRNDSELWNYTXKSYCRRAVELTLGSLGVSSELQQKLQ 
..NIIIPEH SKVDYAPSSTPAPGNTDSMFIILGCFCGFILIGLILCISLALRRRVQETKFGGAFSEEDSQLWRXKSFCRRAIELTLQSLGVSEELQNKLE 

. . . .  KIFIPAH GhVDYAPSSTPAPGNADPVLIIPGCPCGFILIGLILYISLAIRKRVQETKFGNAFTEEDSELWIXKSFCRRAIELTLHSLGVSEELQ~LE 
(63)gnvtpct rlgrlcplfnsgawqrrscahhl~dlll~~IILIGLVLYISLAIRKRVQETKFGNAFTEEDSELWIXKSFCRRAIELT-HSLGVSEELQNKLE 

GTSHPAHD*AGSVRYL---TQAPGNADPVLIIPGCPCG 
* * * *  * * *  * * * * * *  * * * 

c-mer diff. # # 
chicken c-eyk DWIDRNALSLGKVLGEGEFGSVMEG--RLSQPEGTPQKVAVKTMKLDNFSHREIEEFLSEmCMKDFDHPWIKLLGvCIELSSQQIPKPMWLPFMKYGDLHSFLI~ 
mouse c-mer DWIDRNLLVLGKVLGEGEFGSVMEG--NLKQEDGTSQKVAVKTMKLDNFSQREIEEFLSEAACMKDFNHPWIRLLGVCIELSSQGIPKPWILPFMKYGDLHTFLL 
human c-mer D V ? I D R N L L I L G K I L G E G E F G S V M E G - - N L K Q E D G T S L K V A ~ ~ T M l r . L D N S S H R E I E E F L S E A A S S Q G I P K P W I L P F M K Y G D L H T Y L L  
human hug DWIDRNLLILGKILGEGEKG~WEGL~~,T.JIPEGKE~~IPVAIKTLKLD~EI---LDEAS~~GFGNPHV~rRLLGICMTSTIYVITE-YCLLWRR~DKAEQHR 
differences * * * * *  * * * * * * * * * *  * * * * * * *  * * *  * * *  * * *  * * * * * * * * * *  * * * * * *  * * * * * *  * * * * * *  
domains < - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c-mer diff. d K * 
chicken C-eyk RSRLEM~PQFVPLQMLLKFWDIALGI~EYLSSRQFLHRDLAARNCMLRDDMT~CVADFGLSKKIYSGDYYRQGRIMPWJ~IAIESLADR~TTKSDW~AFGVTW~E 
mouse c-mer YSRLNTGPKYIHLQTLLKFMMDIAQGMEYLSNRNFLHRDLMRNCMLRDDMWCVADFGLSKKIYSGDYYRQGRIAXMPW~,+lIAIESLADRWTSKSDVdAFGVTFWE 
human c-mer YSRLETGPKHIPLQTLLKFMVDIALGMEYLSNRNFLHRDLAARNCMLRDDI4'TJCVADFGLSKKIYsGDYYRQGRIAXMPWWIAIESLADRWTSKSDWJAFGVTm~~E 
human hug SNCAELNP---PLQTLLKFMVDIALGI~EYLSNRNFLHRDLAARNCMLRDDMTVCVADFGLSKKIYSGDYYRQGRIMP~KJ~IAIESLADR~T-KSD~~AFGVTW~E 
differences * * * *  * *  * * *  
domains - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - y o s r , e  kinase domaln--------------------------------------------- 

c-mer dif f . 
chicken c-eyk 
mouse c-mer 
human c-mer 
human hug 
alternative 
differences 
domains 

B 
human hug SFKLNNTLHIPCRGR--PQPNVT---CRDLKRCN 
rPDGFRb SHPANGEQILRCRGRGMPQPNVTI*lSTCRDLKRCP 

Fig. 1. (A) Mult~ple algnment of Hug w~th three members of the ax/-RPTK 
fam~ly. Postion of the d~spayed reglons w~thn the respectve sequences 
IS gven. # above the sequences (c-mer d~ff.) nd~cates positions at which 
human and mouse c-mer d~ffer, but human c-mer and human Hug are 
ident~cal. Below Hug, "aternatve" translatons are dsplayed. They can be 
made by lnsertng or deletng a s n g e  base. These were revealed by 
two independent programs desgned to detect framesh~fts, CheckSeq and 
Pa~rW~se (8). Pos~t~ons at wh~ch frameshfts are predicted using PairWise (9) 
are ~ndlcated by an exclamation mark ( " ! " ) .  Amino ac~ds den t~ca  to c- 
mer are boldface, and the respect~ve reglon In Hug is lower case. 

tholog of Hu9, the presence of which has 
been reported by Burks et al. (1).  

The answer might he in between these 
t\vo views. We will probably have the de- 
finitive evidence in less than 5 years with 
the almost complete human genornic se- 
quence. Meanwhile, one should be cautious 
with the published Hu9 sequence, as most 
of the observations presented here point to 
a considerable number of cloning artifacts, 
or sequencing errors, or both. 

Peer Bork 
European Molecular Biologj Laborato~ies, 

Meyerhofstrasse 1 ,  
6901 2 Heidelberg, Germany, and 

Mas-Delbriick-Centrum for 
Molecular Medicine, 

13 122 Berlin-Buch, Germany 
E-mail: borkOembl-heidelberg.de 

' D~fference' l~ne h~ghl~ghts pos~t~ons that are d~fferent between human 
c-mer and Hug, they are clustered In groups along the al~gnment Length 
and post~ons of the two Inserts In Hug reat~ve to the ax/-fam~ly are nd~cated 
by numbers n parentheses Apart from the two pred~cted double frame- 
sh~fts, a segment prox~ma to the proposed n~t~a l  meth~onlne of Hug also 
has 100% ammo ac~d ~dentty to c-mer when the frame 1s sh~fted Carboxyl 
term~n of the sequences are omtted as the algnment becomes unrelabe, 
nevertheless, Hug IS consderaby shorter than the other ax/-~ke RPTKs (B) 
Al~gnment of a part of the NH,-termnal Insert w~th rat PDGF receptor P 
ldent~cal amlno acds are shown In bold 
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Burks  et al. (1)  point out that the Hu9- 
encoded product shows hornology to the 
phosphotyrosine kinase domain of c-eyk. 
O n  the basis of our interest in evolutionary 
aspects of fertilization, are decided to com- 
pare the Hu9 sequence (GenBank accession 
no. L08961) with the human honlolog of 
c-eyk-called c-mer (GenBank accession 
no. U08023)-which is cornposed of 999 
amino acids and has a predicted lnolecular 
lveight of 110,321 daltons (2).  Unexpect- 
edly, Hu9 and human c-mer showed regions 
of extremely high sim~larity in both DNA 
and amino acid sequences. Four stretches of 
the Hu9 polypept~de sequence (Fig. I ) ,  
which account for over half of the entire 
sequence, together show a 97% identity 
with corresponding regions of human c-mer. 

The supposition that Hu9 encodes p95 is 
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1 70 
Hu9 MKPITKQQ.GELVGSRISHVWQSAGISKELLEEVGQNGSRARISVQVHNATCTVR1AAVTKGGVGPFSDPV 

I l l  I I I I  I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1  94% 
Hmer MKPPTKQQDGELVGYRISHVWQSAGISKELLEEVGQNGSRARISVQVHNATCTVRIAAVTRGGVGPFSDPV 

I I I . I . I I I I I I I I I I I I I I : I I I .  I l l  I I I : I I I I : I . I . I I : I I I I I I I I I I I : I : I I : I I I I : I l  77% 
h e r  TKPPIKRQDGELVGYRISHVWESAGTYKELSEEVSQNGSWAQIPVQIHNATCTVRIAAITKGGIGPFSEPV 

Hmer ILIGLILYISLAIRKRVQETKFGNAFTEEDSELVVNYIAKKSFCRMIELTLHSLGVSEELQNKLEDVVIDRNLLILGKILGEGE 
I I I I I I I : I I I I : I : I I I I I I I I . I I . I I I I : I I I I I  I I I I I I I I I I I I I I : I I I I I I I I I I I I I I I I I l l l l l : l l l : l l l l l  88% 

h e r  ILIGLILCISLALRRRVQETKFGGAFSEEDSQLVVNYRAKKSFCRMIELTLQSLGVSEELQNKLEDVVIDRNLLVLGKVLGEGE 

346 473 
Hu9 PLQTLLKFMVDIALGMEYLSNRNFLHRDLAARNCMLRDDMTVCVADFGLSKKIYSGDYYRQGRIAKMPVKWIAIESLADRV.KSDVWAFGVTME1ATTLRGMTPYPGVQNHEMYDYLLHGHRLKQP 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l i l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  1 1 1 1 1 1 1 1 1 1 1 1 1 1  I I I I I I I I I I I I I I I I I I I I I I l I 1 I I 1  97% 
Hmer P L O T L L K F M V D I A L G M E Y L S N R N F L H R D L A A R N C M L R D D M E I R T . R G M T P Y P G V O N H E W D Y L L H G H R L K 0 P  

. I ~ I I I I I I : I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ~ ~ ~ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  I I I I I I I I I I ~ I I I I I I I I I I I I I I I ~ I  97% 
h e r  HLQTLLKFlvMDIAQGMEYLSNRNFLHRDLAARNCMLRDDVCVADFGLSKKIYSGDYYRQGRIAKMPVKWIAIESLADRVSKSDVWAFGVTMEITT..RGMTPYPGVQNHEMYDYLLHGHRLKQP 

535 1" K16pept ide  , 574 COMBINED I d e n t i c a l  
Hu9 PTF LRLQLEKLLESLPD RNQADVIYVNTQLLE.SEGLA Residues 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  1 1 1 1 1  98% Hu9 v s .  Hmer 314/325 = 97% 
Hmer PTF$LRLQLEKLLESLPDI/RNQADVIYVNTQLLESSEGLA 

I I I I I I I I I I I I I  I I I I I  . .  : . . . : I I : I I I I 1 1 1 : 1 1 : 1  73% Hmer v s .  h e r  282/323 = 87% 
h e r  PTFSVLRLQLEKLSESLPDAQDKESIIYINTQLLESCEGIA 

Fig. 1. Cornparson of polypeptide sequences In the regons of homology between human Hug, human c-mer (Hmer), and mouse c-mer (Mmer). Numbers 
above each smlar region indicate positions w thn  the published Hug polypeptide sequence. Paiwse percentage Identity 1s Indicated to the right of the smlar 
region. Regon deflned by the K16 peptlde is boxed 

based entirely o n  the results of a single 
experiment in which a n  anti-peptide anti- 
hoily (called K l 6 )  directed against resid~ies 
539-553 from the  post~ilated Hu9 product 
was used to achieve a nositive sienal o n  a - 
protein i lnm~inohlot in the 95-kD range 
[lane 2 in figure 4A in tlie report by Burks 
et al. (1 )]. However, the  identical 15-resiilue 
peptide is also presenteil in tlie c-mrr 
polypeptiile (Fig. 1) .  This icientlty invali- 
dates the 0111~  exnerlmental evidence for , 
ilistinguisliing bet\veen Hu9 and c-mrr as 
the coiling sequence for tlie 95-kD polypep- 
tiile. T h e  use of the  K16 antihoily and other 
antibodies based o n  identical or nearly 
identical peptldes from H L I ~  and c-mrr in 
functio~ial assays for the  role of H L I ~  in 
sperm-egg binding 1s also invalidated [fig- 
ures 5 A  and lalie 2 111 figure 5B in ( I ) ] .  

T h e  statellielit hy Burks anil colleag~ies 
( I  ) that  Hu9  is expressed unicluely 111 sper- 
lnatoirenlc cells is also called illto u u e s t ~ o n  
by the  extreme simllarity he t~veen  Hu9  
and  c-mer a t  the  level of n~icleot ide  se- 
quence. Expression of a 4.4-kh c-me? tran- 
script has been dernonstrateil 111 blooil 
cells, the  spleen, prostate, testes, ovary, 
lung, llver, and kidney (2 ) .  I11 contrast, 
Burks r t  al. see only a 2.2-kb transcript in 
testes and nothing in  R N A  from other 
tissues o n  a Northern blot probed with 
Hu9.  However, tlie H u 9  sequence shows 
99% idelitlty to c-mer in  two regions 
(bases 1-74 and 514-826 in  Hu9)  tliat 
together total to  387 nucleotldes, and 97% 
identity in a third region (bases 1108- 
1486 fro111 Hu9)  with 379 nucleotides. 
Based o n  the  Northern blot n.ashlng con- 
ditions reported by B~irks  et al. ( 1 )  ( 2 x  

standard sallne citrate; 0.1% SDS at  
5 j ° C ) ,  tlie Hu9  prohe must cross-hybridize 
to  the  c-mrr transcript. Thus,  tlie North-  
e rn  1110t results ohtailled with Hu9  are 
~ncompat ible  1 ~ 1 t h  the  results reported 
prevlo~lsly for c-mer (2 ) .  W h a t  can explain 
this discrepancy? O n e  possihillty 1s that  
the  R N A  samples used for the  Hu9  North-  
ern  blot are partially ilegracied to  a degree 
that  eliluinates most material in  the  4.4- 
kb range, but not  in  the  2.2-kb range; in  
tlie absence of control hybridization with 
a n  indeuendent vrobe tliat detects tran- 
scripts in the  higher range, this canliot he 
ruled out.  A n  alternative ~osslhl l i ty  1s that  
the  testes transcript ohseived hy kurks et 
al. was incorrectly sized, and R N A  from 
other tissues was degraded. T h e  certainty 
that  cross-liyl~ricl~zation will occur be- 
tween H u 9  and c-mer also calls into aues- 
t ion the  Interpretation of tlie in sltu hy- 
hridization results presented in  figure 3B 
of tlie report (1 ). 

LVlth the  degree of slniilaritv that exlsts 
between Hu9  aliil human c-mrr, it is critical 
to evaluate tlie genetic relationship be- 
tween the two sequences. Accc~rding to the  
available data, the Hu9 clone seenis to rep- 
resent a truncated versloli of c-~ner ~ v i t h  
several small insertiolis and deletions. Thls 
relatlonshit~ between c D N A  seuuences 
coulii be explaineil by two different scenar- 
ios. First, one co~i ld  nostulate the existence 

of a single gene that encocies hoth c-Mer 
anil Hu9. In this case, large ilifferences in 
the c D N A  sequences ~vould be ascribed to 
alternative splicing events, and small differ- 
ences \voulcI be ascribed to naturallv occur- 
ring polymorphisms within tlie l i~inian pop- 

ulation. In  the second scenario, c-Mer and 
Hu9  would he derived frc~m two different 
genetic loci that res~ilteil from a recent 
duplication event. 

Two pieces of ilata argue in favor of the 
single gene hypothesis. Although Burks et 
al. state that the  NH,-terminal portion of 
the  putative Hi19 polypeptiile represents a 
cleavable signal peptide, it has llone of the  
features normally ascrlhed to such a peptiile. 
F~~rtlierniore,  the  reeion of the c-mrr 
polypeptide that is homologous to this ~ L I -  

tative Hu9  signal pepticie lies within an  
external FNIII-llke domain. This ohserva- 
tion suggests that the  coding s e q ~ ~ e n c e s  de- 
termined for Hu9  by Burks et al. is incom- 
plete at tlie NH2-term~nal .  In support of 
this postulate 1s the observation of high 
identity (99%) between the Hu9 and c-mer 
n~icleotide seuuences 111 the  reeion that is 
supposed to represent the 5 '   int translated 
region of Hu9, hut is contai~led within the  
codlng sequence of c-me? . 

Neveltheleii, these obielv,ltloni do not 
rule out the two gene hypothesis. Wl th  the  
assumption that there are two genes, we 
decided to evaluate the likely time of erner- 
gence of the Hu9 gene 111 relation to the 
sneciation event that seoarated humans and 
mice. T o  accomplish this task, we colnpared 
the  human c-mer seauence to hoth the  
mouse c-mrr sequence [GenBank accession 
no. U21301 1311 anil the human Hu9 se- . . -  
quence in the four regions of similarity oh- 
serveil alnollg these three genes (see Fig. 1) .  
If Hu9 was present as a separate gene prior 
to  the evolutionary divergence of humans 
anil mlce. we woulil exvect it to show less 
simllarity to either human c-mrr or mouse 
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c-mer than the  two c-mer homologs ~voulil 
show to each other along their entire 
lengths o n  the basis of the molecular clock 
hypothesis. O n  the  other hanil, if Hu9 was 
derived by a recent duplication event along 
the  human evolutionary lineage, we ~vould 
expect to see greater similarity hetween its 
sequence and that of human c-me7 in re- 
glons of homology, relative to the similarity 
bet~veen 11~1man and mouse c-mer in these 
same regions. (Regions of nonhomology be- 
tween Hu9 and human c-mer could be ac- 
counted for in this scenario hy exon shuf- 
fling or similar mechanislns occurring dur- 
ing Hu9 evolution.) 

In  three of the  four similar reglons. Hu9  
and human c-mer are much more slrnilar 
to each other than  either is to  mouse 
c-mer; in the  fourth region, there is a 
three-way tle (Fig. 1 ) .  Overall ,  H L I ~  and 
human c-mer polypeptide sequences show 
97% identity, while the  corresponding hu-  
man and mouse c-mer polypeptide regions 
show only 87% identity. T o  evaluate the  
significance of this difference in identity 
levels, we perfornled a one-way analysis of 
varlance o n  the  raw data (setting all aml- 
n o  acid iden t l t~es  equal to  1 ,  and all amino 
acid differences equal to 0 ) .  T h e  value of P 
obtained is 0.000012, ~ n d ~ c a t l n g  high sta- 
tistical significance. 

Our  concl~~siol l  from this evolutionary 
analysls is that if Hu9 IS a separate gene, it 
cannot he oresent in all mammals. Further- 
more, as it would have emerged after the  
divergence of humans and mlce, there can- 
not he a mouse homolog of this putatwe 
gene. Thus, even if there is a 11~11nan Hu9  
product involved in h~ l lnan  sperm-egg hind- 
ing, a homologo~~s  product cannot exist in 
the mouse, and the 95-kD mouse proteln 
previously described by Leyton and Saling 
with egg billding properties (4)  cannot he 
homologous to  the putative Hu9 proiluct. 
Other  investigators have presented evl- 
dence that a prolnlnent mouse 95-kD phos- 
photyrosine-colltallli~lg sperm protein is a 
unique form of hexokinase (5). However, if 
another mouse 95-kD phosphotyrosine- 
containing sperm proteln exlsts with ho- 
mology to the h~ l luan  95-kD sperm proteln, 
our analysis would suggest that these pro- 
telns are likelv to he products of the c-mer 
gene honlologs in each specles; such ho- 
nlologs are expressed broadly among somat- 
ic tissues in aililition to the  testes and ovary. 
Thus, even if the c-mer products are in- 
volved in sperm-egg hlnding, they do  not 
provide suitable targets for contraceptive 
development as suggested hy Burks et a1 ( 1 ). 
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Resbonse: W e  thank Bork and Tsai anii 
Silver for their thorough analysis of our 
work. 

1) Relationship hetween Hu9  and c-mer: 
A t  the time of submission of our manu- 
script, the  database entry most similar to 
hu9 was the lnouse sequence c-eglt, as pre- 
sented in f i g ~ ~ r e  2 of our report ( I ) .  How- 
ever, the  putative human cellular homo- 
logue of v-ryk has been cloned recently (1 ) 
and desigllated c-mer. T h e  overall similarity 
between c-Mer and Hu9 protein sequences 
is 61%; the  majority of this silnilarity is 
found in the intracellular clomain, as the  
extracellular donlains present 46% identity. 
Overall. c-Mer and c-Evk are 74% similar. 
O n  thebasls of degree df slm~larlty to both 
c-mer and c-eglt, hu9 may represent a new 
member of the axl-like kinase family, as 
suggested 111 our report ( 1 ) .  

2) Hu9  as a f~~ l l - l eng th  clone: Bork does 
not  account for salient features of the hu9 
c D N A  sequence and m a n ~ ~ a l l y  frameshlft 
the sequence of hu9. W i t h  the  published 
hu9 sequence, there are a variety of reasons 
to suspect that it is a full-length c D N A  and 
is not the  result of a cloning artifact. First, 
as stated in our report ( I ) ,  the  c D N A  se- 
quence contains three stop codons up- 
strean1 of the putative inltiating ~ne th io -  
nine. O n  the hasis of the oresence of these 
upstream elements and a reasonable Kozak 
consensus sequence, the  Met at nucleotide 
position 70 of the  hu9 cDNA was asslgned 
as start codon. Moreover, when the hu9 
n ~ ~ c l e o t i d e  sequence is translated, the open 
reailing frame which hegins with a Met and 
encodes amino acid seauences similar to 
c-mer or other PTKs is the one we reported 
v ~ ~ t ~ ~ t i v e l v  initiateii hv the  ATG descrlhed 
At nucleo;~de position'70. Second, the pres- 
ence of a stop coilon and polyadenylation 
signal at the 3 '  end of the hu9 cDNA 
suggests that this transcript 1s complete. 
These features of the hu9 cDNA strongly 
argue that the  clone we have identified is 
comolete. Third, the entire hu9 c D N A  was 
sequenceil in both directions, a strategy that 
is likely to excl~lile the  many seq~~enc ing  
errors llnplled by the allgnn~ents created by 
Bork. Finally, Northern analysis of hug ex- 
pression, presented in  figure 3 of our report, 
detected a 2.2-kb transcript in  h ~ l m a n  testis, 
which suggests that Hu9 is a f~~ l l - l eng th  
clone. 

3 )  Northern analysis: Tsai and Silver 
suggest that our Northern analysis is flawed, 
possibly due to degraded RNA.  Ethidium 
brolnicie staining of R N A  salnples used in 
our Northern analysis verified intact ribo- 
somal R N A  and equal loading of samples. 

As Tsai and Silver indicate, regions of . 
high similarity exist hetween H L I ~  and c- 
mer. However, these regions constitute con- 
siderably less than half of the full H L I ~  
sequence, which may explain our failure to 
detect the  c-Mer transcript L I S I I I ~  full-length 
hu9 as the  prohe. T h e  exposure reproiluced 
in our report (1)  shows the  2.2-kb transcrip- 
tion ( in  the testis lane) and a larger band at 
ahout 4.5 kh that IS considerablv fainter. 
Close exalninatioll of a much longer expo- 
sure reveals that two additional hands are 
also detected 111 the testls l m e ,  at about 3.0 
and 4.5 kb (data not  shown) Whether  
these are actual hands or hackground due to 
overexposure is under ~nvestigation, hut it is 
possible that hu9 hybridizes ~veakly ~ v i t h  a 
c-mer transcript in the testis sample. 

Bork discusses possible generation of hu9 
vla alternative splicing; alternatively spliceil 
proilucts have been described for both c-mer 
(2) and ax1 (3). O n e  isoforln of c-Mer report- 
edlv contains an insertion wit11 an  in-frame 
stob codon, possibly yleldlng a truncated, 
secreted form of c-mer. 

4 )  Molecular weight of hu9-encodeil 
product: T h e  primary structure of hu9 pre- 
dicts a product of ahout 70 kD, whereas a 
proiluct of about 110 kD is predicted for 
c-mer. T h e  c-rner sequence preilicts the 
structure of a transnle~nbrane tyrosine ki- 
nase with a large extracellular domain, 
~vh ich  is likely to be rnoilified by glycosyla- 
tion. T h e  latter is also true for Hu9. which 
contains four sites for potential hT-linked 
glycosylation and numerous sites for poten- 
tial 0- l inked glycosylation. For hoth pro- 
teins, lnodification of this type call be ex- 
pected to  Increase their apparent molecular 
welght. In  the case of several kno\vn pro- 
teins. the  slze Increase due to secondarv 
modification (glycosylat~on or phosphoryl- 
ation) 1s substantial, as In the  case of the  
ins~llin and IGF-1 receptors. Both of these 
recevtors are generated from rxecursors. 
Analogous to the insulin receptor, the  
IGF-I precursor generates a (80,423) and P 
(70,866) subunits, whlch correspond to the 
115,000 (a) and 90,000 (6) fully glycosyl- 
ated receptor s u b ~ ~ n i t s  (4) .  Thus, hoth the  
H L I ~  and the  c-Mer protelns ~vould be ex- 
pected to migrate o n  SDS gels slower than 
predicted by thelr primary structure. T h e  
protein that we reported as encoded hy hzi9 
migrates o n  SDS gels as a 95-kD protein is 
f ~ ~ l l y  consistent with this pattern, and de- 
tectably slnaller than the r n i n i m ~ ~ ~ n  size pre- 
dicted for c-Mer. 

5 )  Structural considerations: Although 
not a typical feature of signal peptides, the  
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~~n~usua l ly  h y d r i ~ p l ~ ~ l i c  putati1.e slgllal pep- 
tide encoded hy /it19 is shared by c-mer anci 
axl, other mernhers of this new famlly een- 
codlng PTKs ( 2 ,  3). Intracellular and extra- 
cellular structural differences eslst between 
c-mer and hu9. For example, the extracellu- 
lar region of hot11 c-bler and As1 possess 
two Ig domains and two fihronectin type I1 
(FNII) domains; hug does not f~ully encode 
elther of these motifs. Bork suggests that if 
Ig dolnaills were present in Hu9, these 
C O L I ~ C ~  be responsible for interacting with 
the  conserveil "ZP dornaln" found in many 
zona pellucida proteins, rv111c11 he has de- 
scrlbeil previously (5 ) .  This predicted Ig-ZP 
interaction 1s ilifficult to reconcile with the 
long-standing ohser~~at ions  that ZP2 and 
ZP3 play different roles in g a ~ n r t e  interac- 
tion (6)  yet hot11 contain "ZP" motifs. A 
prediction that fits the  accumulated data 
more closely is that a sperm protein in- 
volveil in primary zona hinding or signal 
transduction, or both, ~voulil interact ~ v i t l ~  
regions unique to ZP3, and not be repre- 
sented in ZP2, as ZP3 is the egg luatrix 
colnponellt responsible for primary binding 
and suerrn activation leadine to acrosomal 
exocytosis (6) .  Furthermore, as we iiernon- 
strate through bmding inhibltlon experi- 
ments in figure 5 of our report ( I ) ,  peptides 
contained in the extracel l~~lar  reglon of 
Hu9  are apparently l:mportant in sperm-egg 
recognition, suggesting a unique f~unction 
for the extracellular donlain of this mole- 
cule. Although peptiile 1 (residues 57 to 71) 
is also present in c-hler, peptlde 3 (resdues 
94 to 105), which was the lnost effective 
peptide and inhibited sperm-egg hinding by 
80%, appears to he unique to Hu9 alld is 
not f o ~ ~ n i l  111 any recognized motlf. 

6 )  Specificity of the K l 6  antibody: Al- 
though we did not know of the existence of 
c-Mer a t  the  time we prepared the K l 6  
antibodv, as a matter of interest and stan- 
ilard procedure we characterized the  anti- 

body's reactivity toward other tissues. Tis- 
sue extracts were vrevared from human liv- 

L L 

er, spleen, anil kidney, and analyieil hy 

i m l n ~ ~ n o b l i ~ t  alollgslde human sperln sam- 
ples. \,Ye founii that K l 6  reacteil with a 
95-kD protein 111 the sperln samples alone, 
and n o  protein 111 the 70- to 150-kD range 
was recognized in these somatic tlssues. Ret- 
rospectively, these were usef~ll tissues to 
assess, as the c-mer transcript has heen 
s h o ~ v n  to he expresseii in all of them. 

7) Evldence that hzi9 encodes a receptor 
on sperm: 'Ye provicleil the fidlowing evi- 
dence that htic) may encoile a sperm receptor 
molecule: ( I )  ht19 is expressed in spermatogen- 
ic cells. (li) Kl6 recognizes a 95-kD protein 111 

h~ulnan iperln which is also iletecteil by l:anti- 
PY ancl monoclollal antihoily 97.25. (lii) Txvo 
peptldes present in the predicted Hu9 estra- 
cellular dolnain inhihit sperm-zona binding. 
One of these peptiiles (residues 57 to 71) is 
colnlno~l to c-Mer while the other, peptiile 3 
(ammo aciiis 94 to 105), is unlclue to Hu9. 
This unique Hi19 peptide inhihits sperm-zp 
biniiing hy 8096, suggesting that this portion 
of Hug, or ZRK, may be involveii in spernil- 
egg recognition. (iv) Kl6 ~mmunoprec~p~tates  
contain kinase activity that is stimulated by 
recombinant human ZP3. 

8) Evolutionary analysis: \,Ye have per- 
formed neither detailed Southern ( D N A )  
blot analysis nor chromosomal rnapplng to 
probe the evolutionary relationship of hug 
and c-mer. However, the general rules for 
the  evo1~utl:onary relationship of proteins in- 
volved in sex are different fi-om those for 
noll-sex-related proteins (7-9). In  species 
as far ranging as Chlamydamonas, abalone 
and mice, key proteins lllvolved in sex de- 
termination or galnete ~nteract ion are en- 
coded by genes that display increased mu- 
tational actlvlty, little-to-no codon bias, re- 
markably illvergent ge~lomic organization, 
and related somatic cell genes. Only a few 
renresentati~re proteins have heen ldentifieil 
and analyzed so far, but the evidence to date 
suggests that different rules apply for the  
evolution of genes important in speciation 
anii sex. W e  do  not yet know ~vhether  ally 
of these altereil gene characteristics apply to 
hzt9, but its encoded p r o t e n  fits well within 

the criteria for a protem involved in galnete 
InteractLon. Thus, before funilamental in- 
forlnation concerning the genes that en- 
code Hu9 and c-bler 1s determineii, it ap- 
pears premature to attempt to categorize 

their relat~onship. 
Our  finillng that the hu9-encoded pro- 

tein 1s a member of a conserved proteln 
family 1s not unanticipated. Among other 
esalnples which parallel our results with 
h t ~ 9  are fertilin as an A D A M  proteln (5) 
and PH-20 as a hyaluronidase (6) .  
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