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A D N A  fragment of Sut~churorrl~~c~es cerevisiue u ith 
high homology to the calreticulin genes of different 
species (Fliegel et trl., 1989: Smith and Koch: 1989: 
Murphy et ul., 1990: Rokeach rr nl., 1991 ) and the 
calnexin gene of Cat1i.c do~)lestic~us (Wada et ul., 
1991) was cloned serendipitously froni a genomic 
D N A  library (Rose et ul., 1987). Tt contains an  open 
reading frame of 1506 nucleotides encoding a pre- 
dicted gene product of 56.9 kDa.  In addition, 258 
nucleotides at the 5' non-coding region and 264 
nucleotides at the 3' non-coding region were 
sequenced (Figure 1 ). Pulse-field electrophoresis of 
yeast chromosomal D N A  followed by Southern 
blot analysis showed the gene to be localized on 
chromosome T. Furthermore, based on an  analysis 
of restriction sites, the gene could be assigned to  
the cloned insert ).R23d (Kaback. 1992, personal 
con~munication: Kaback et ul., 1989). 

Computer analysis of the deduced amino acid se- 
quence (Devereux er  al., 1984) revealed that the S. 
cerel~isiue gene product shares significant similarity 
with the amino acid sequences of the calreticulins of 
Honlo strpiens (48,8'b), Ruttus 11orvegic.u~ (48.9%). 
Mus n~usculus (48.990), Orj~.tolrrgzrs sp. (5 1.4%) and 
Onc~lioc~erc.~~ vo1vulu.s (54.4°/~), respectively (Figure 2). 

*To whom corrrspondencc. rhould be iiddressed 

The amino-terminal sequence of the S. 
c.ereiisiae gene product matches the features of a 
eukaryotic signal peptide which is sufficient to pro- 
mote the translocation of a polypeptide across 
the endoplasmic reticulum (ER) nietnbrane (von 
Heijne. 1990). However. the S ,  cerevrsiuc~ se- 
quence lacks the C-terminal ER retention signal 
KDEL (Pelham. 1990) which is common t o  all 
mammalian calreticulins. Tn addition, the S.  ccre- 
visitre sequence shares an  even higher degree of 
similarity (56.1%) with the sequence of the C'. 
u'omr~sticws calnexin (Wada et (11.. 1991). Calnexin 
has been suggested to be a trans-membrane pro- 
tein of the E R  membrane with a typical trans- 
membrane sequence and a c j  tosolic C-terminus 
that can be phosphorylated (Wada e f  (11.. 1991). 
The S .  ~ ~ r r ~ ~ i s i u e  sequence also has a hydropho- 
bic stretch in the C-terminal region which might 
function as a trans-membrane domain. The puta- 
tive cytosolic tail is very short when compared 
with that of C .  donwsticus. Taken together. we - 
suggest that the presented S. ccrevi.riue gene is the 
honiologue of the C .  t1ornrstic.lc.c calnexin gene 
and we propose the designation: CNEI .  The 
complete D N A  sequence of CNEI has been 
deposited at the EMBL database (accession no. 
X66470). 
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1 TTTCTATCTCTTCATTCTTTGTACATTAGATACATGGTTTTTAGCTTAGTTTTATTPTATTTTTTATATATCTGGATGTATACTATTATTGAAAAACTTC 

1 0 1  ATTAATAGTTACAACTTTTTCAATATCAAGTTGATTAAGUGRARA-GGGTTAGCTGRARACCGTGTGATGCATGTCGTTTAAGGATTGTG 

2 0 1  TAAAAAAGTGAACGGCAACGCATTTCTAATATAGATAACGGCCACAWVV\GTAGTACTATGAAATTTTCTGCGTATTTATGGTGGCTGTTTTTGAATCTA 
1 M K F S A Y L W W L F L N L  

3 0 1  GCGTTGGTGAAAGGCACTTCATTGCTATCCAACGTTACATTAGCGGAAGATTCTTTCTGGGAGCATTTTCAGGCTTACACTAATACAAAGCATTTAAACC 
1 5 A L V K G T S L L S N V T L A E D S P W E H F Q A Y T N T K H L N Q  

4 0 1  AAGAGTGGATCACAAGTGAAGCCGTCAACAATGAAGGCTCTRARATATATGGTGCACAATGGCGACTATCACAGGGTCGATTGCRRGGATCCGCATGGGA 
4 9  E W I T S E A V N N E G S K I Y G A Q W R L S Q G R L Q G S A W D  

5 0 1  TAAAGGAATCGCAGTTCGAACAGGCAATG~.CGCAGCTATGATAGGACATCTCTTGGAGACACCTATTAATGTTTCAGAAACGGATACCTTGGTTGTCCAG 
8 2  K G I A V R T G N A A A M I G H L L E T P I N V S E T D T L V V Q  

6 0 1  TACGAAATTAAGTTGGACAATTCTTTGACGTGCGGCGGTGCGTTTATTAAGTTAATGTCTGGTTKATGAATGTTGAAGCATTRARACACTATGCACCCG 
1 1 5 Y E I K L D N S L T C G G A F I K L M S G F M N V E A L K H Y A P D  

7 0 1  ATACAGAGGGTGTCGAGTTAGTTTTTGGTCCGGATTATTGTGCTCCTGAAATAAATGGCGTGCAATTTGCCATCAATAAGGTTGACAAGATCACACATGA 

1 4 9  T E G V E L V F G P D Y C A P E I N G V Q F A I N K V D K I T H E  

8 0 1  ATCTAAACTAAGATATTTGCAAGAGATGCCCCTGTCAAAATTAACTGATACCTCGCAATCTCATCTGTATACGCTCATAATAGATGAATCAGCGCAGTCT 
1 8 2  S K L R Y L Q E M P L S K L T D T S Q S H L Y T L I I D E S A Q S  

9 0 1  TTTCAAATTCTTATAGACGGTAAGACGGTTATGGTAAGAGAACATATCGAAGACAAGUGKAATTTTGAGCCACCCATTACACCGCCTTTAATGA 
2 1 6 F Q I L I D G K T V M V R E H I E D K K K V N F E P P I T P P L M I  

1 0 0 1  TTCCTGATGTTTCAGTAGCGAAACCGCATGATTGGGATGATCGCATCCGAATCCCAGATCCTGAGGCGGTGAAGCTCAGTGATCGGGATGAACGAGACCC 

2 4 9  P D V S V A K P H D W D D R I R I P D P E A V K L S D R D E R D P  

1 1 0 1  ATTGATGATTCCACATCCAGATGGCACTGAACCACCAGAATGGAACAGCCATCCCCGAATACATTCTTGACCCAAATGCTCRARAGCCCTCGTGGTGG 
2 8 2  L M I P H P D G T E P P E W N S S I P E Y I L D P N A Q K P S W W  

1 2 0 1  AAGGAACTTGAGCACGGGGAATGGATACCGCCCATGATTAAAAATCCTCTTTGCACTGCAGAACGTGGTTGTGGCCAGCAGATACCAGGGCTGATAAATA 
3 1 6 K E L E H G E W I P P M I K N P L C T A E R G C G Q Q I P G L I N N  

1 3 0 1  ATGCCAAGTACAAAGGTCCAGGCGAACTCAATGAAATCATAAATCCCAATTACATGGGGGAATGGCATCCACCGGAAATTGRARACCCGCTATACTACGA 

3 4 9  A K Y K G P G E L N E I I N P N Y M G E W H P P E I E N P L Y Y E  

1 4 0 1  AGAGCAGCACCCATTGCGCATCGAAAACGTTATCAGTGGTGTGATCCTCGAGTTTTGGAGTGGATCTCCAAACATGTTGATMGCAACATTTATGTTGGT 
3 8 2  E Q H P L R I E N V I S G V I L E F W S G S P N M L I S N I Y V G  

1 5 0 1  AAAAATGTAACAGAGGCGCAAATTATTGGGAATAAGACTTGGCTGATGAGAGACCGCGCGTTTAGAGGCTCCGATGGCCCCACAGAACGCAAATTCATGA 
4 1 6 K N V T E A Q I I G N K T W L M R D R A F R G S D G P T E R K F M N  

1 6 0 1  ATAGCAGACTAGGAAATCTACAAACAACTTTCCATAACGAAAGAGAATCCCCTAATCCATTTGACCGCATTATAGATCGCATATTAGAGCAACCTCTGAA 
4 4 9  S R L G N L Q T T F H N E R E S P N P F D R I I D R I L E Q P L K  

1 7 0 1  ATTTGTGCTTACTGCGGCCGTCGTGCTCTTGACGACGTCGGTTCTTTGTTGTGTAGTATTTACATAGTGGACAAGTGTTAGTTTATAACATGGTCTCU 

4 8 2  F V L T A A V V L L T T S V L C C V V F T '  

1 9 0 1  AATCTTATTTTTTCATGCAGTAAGTAATCATGCAAC-CCCGTAATTAAGCGAACATAGAACAACTAGCATCCCCGATAAGACGGDTA 

2 0 0 1  GTAAAGATTGTGATTCATTGGCAGGTCCATT 

Figure I .  Nucleotide sequence and deduced ainino acid sequence of C.VEI of S. cerei~isiue. The predicted amino acid sequence is 
shown in single-letter code. One TATA hox and potential polyadenylation sites are underlined. 



HOMOLOGUE OF THE GENES ENCODING MAMMALIAN CALNEXIN AND CALRETICULIN 

1 3 8  
megkwllcmllvlgttivqaheghdddmidieddlddviee 

3 9  9  8  
H .ll.vp.llgl.g..vaepavyfkeqf.dg.gwtsrwieskhksdfgk-fvl.------- 
S MKFSAYLWWLFLNLALVKGTSLLSNVTLAEDSFWEHFQAYTNTKHLNQEWITSEAWEG 
C ieevedskskpdts.ptspkvtykapvpsgevy---.adsfdrgt.sg-..l.k.kkddt 

9 9  1 5 8  
H - - - - - - - sgkfygdeek------ . . .  lqtsqdarfyalsasf .-. fs-nkgq ..... ftv 
0 fygdavk---;-- ... lkttqdakfys..akfdksfs-nkgks..i.fsv 
S SK---IYGAQWRLSQGRLQGSAWDKGIAVRTGNAAAMIGHLLETPINVSETDTLWQYEI 
C ddeiak.dgk.evdemketk1pg ... 1vlmsrakhha.sak.nk.fl-fd.kp.i .... v 

1 5 9  2 1 8  
H .heqnid...gyv..fp--nsld-qtdmhg.s.-ynim....i.g.gtkk.hvif.y.gk 
0 .heqdid...gyv...a--sd.n-.edshge.p-yhim....i.g.gtkk.hvifhy.dr 
S KLDNSLTCGGAFIKLMSGFMNVEALKHYAPDTEGVELVFGPDYCAPEINGVQFAIN-KVD 
C nfq.gie ....y v..l.ktpeln-.dqfhdk.p-ytim....k.gedy-k1h.ifrh.n~ 

2 1 9  278  
H nvlinkdi.ck---------- .deft......vr-pdntyevk..nsq.esgsled.--- 
0 nhmikkdi.ck----------.dvft ...... vn-.dntyevq ... ekaesg.lea.--- 
S KITHESKLRY-LQEMPLSKLTDTSQSHLYTLIIDESAQSFQILIDGKTVMVREHIEDKKK 
C .tgvyeekhakrpdad.ktyftdkkt......ln-pdn..e..v.qsi.nsgnlln.--- 

3 3 9  398  
H -- dk .. h.p . .  d.k . .  ed.d.emd ... e..------------------- v.q.pe.. .ew 
0 -- dk . .  h.p . .  d.k .. ed.ddemd...e..------------------- mvd.pe.. .ew 
S NSSIPEYILDPNAQKPSWWKELEHGEWIPPMIKNPLCTAERGCGQQIPGLINNAKYKGPG 
C ldde ... vp .. d.e .. ed.d.dmd ... ea.q.a .. k.esap ... vwqrpm.d.pn ... kw 

399  4 5  8  
H kprq.d . .  d.k.t.ih . . .  d..e.spdpsiyayd.-fgvlg.dl.qvksgtifd.flitn 
0 kpkqkk .. a.k.k.ih . . . .  i.d.tpddnlyvydd-.gaigfdl.qvksgtifddvi.td 
S ELNEIINPNYMGEWHPPEIENPLYYEEQHPLRIENVISGVILEFWSGSPNMLISNIWGK 
C kppm.d ....q. i.k.rk.p..dff.dle.fkmtl-f.aig..l..mtsdiffd.fi.cg 

4 5 9  518 
H deay.eef..e..gvtka.e--------kqmkdkqdeeqrl------------------- 
0 s.e..kkf.e..lkitrege--------k.-kgkktkkqk-------------------- 
S NVTEAQIIGNKTWLMRDRAFRGSDGPTERKFMNSRLGNLQTTFHNERESPNPFDRIIDRI 
C drrvvddwa.dg.glkka.dgaaepgvvgqmieaaeerpwlwvvyvltval.vflv.1fc 

5 1 9  578 
H ...................... keeeedk-----krkeeeeaedkeddedkdedeedeed 
0 ...................... kkeknek-----ikkekmkkrkranrkkkk* 
S LEQPLKFVLTAAWLLTTSVLCCWFT* 
C csgkkqsspveykktdapqpdvkeeeeekeeekdkgdeeeegeekleekqksdaeedggt 

579  609  
H keedeeedvpgqakdel* 
C asqeeddrkpkaeedeilnrsprnrkprre* 

Figure 2. Comparison oftheamino acid sequence of ChrEl (S) with calreticulin from H. supien.~ (H)  and 0. vo1vulu.s (0) and calnexin 
from C'. cio~?rr.sricu.s (C). Identity with C N E l  is indicated by '.' and gaps are indicated by ' '. 
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