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SUI@QRY: Aprobegenerated fromthecodingseguenceofthe rathepaticp- 
galactoside (Y2,6-sialyltransferase was used to screen a human cm library 
constructed of human submaxillary gland mRNA lambda gt-11. We report the 
isolation and characterization of a hmmn Cuba, HSM-STl, that is putatively 
the human hmolcg of the p-galactoside (u2,6-sialyltransferase. The largest 
human clone contains a 1.3 kb cDNA insert and is predicted to encompass 75% 
of the coding seguence as well as a small portion of the 3' untranslated 
region. Comparative analysis of this insert with the rat hepatic a2,6- 
sialyltzansferase sequence indicates 79 % nucleotide similarity between the 
two seguences in the predicted ceding region. On the amino acid level, the 
degree of conservation is 86%. Substantial seguence similarity is observed 
in the 3'-untranslated region between the rat and human sequences as well. 
Sl nuclease analysis was performed to demonstrate the expression of HSM-ST1 
transcripts inthehumnhepatomcellline, HepG2, ard inthehwran 
colonic aden ocarcinoma cell lines, LS174T. h L989 Au*da"ll.z PTLSS, Ini:. 

-___ 

It is well known that sialylated oligosamharides are principal 

epitopes for a variety of cellular recognition processes including homing of 

lymphocytes to peripheral lymph nodes (1), lyqhccyte activation (2), 

viability of serum proteins in circulation (3), and the invasiveness of a 

nmberofpathcxjenicorganisms andtoxins (4). Indeed, cellular 

transformation is frequently a cccmpanied by alterations to sialylatefl 

carbohydrate epitopes (5). The attachment of sialic acids to the termini of 

oligosaccharides is catalyzed by the sialyltransferases, a family of enzymes 

about which very little is known. This is due primarily to the lack of 

sequence information frcan which specific mlecular probes cm be 

wnstructed. 

Recent and independent efforts from this laboratory (6) and from Dr. 

Janes Paulson's laboratory (7) have resulted in the seguence elucidation of 
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one of the sialyltransferases from rat liver. Thisenzyme, thep- 
galactoside (r2,6-sialyltransferase, mediates the synthesis of the 

predcxninant sialyl linkage found in serum glycoproteins. In liver, the 

major site of serum glycoprotein biosynthesis, glucocorticoids apparently 

modulate the expression of this enzyme by altering the rate of transcript 

synthesis (6). The expression of this enzyme, hmever, is not limited to 

the liver. Although tissue-specific regulation of the a2,6- 

sialyltransferase is an issue yet to be fully addressed, a recent report 

fromthislaboratorydocumen ts that the rat a2,6-sialyltransferase gene 

sequence is differentially utilized to generate, in a tissue specific 

manner, a family of related mRNAs (8). 

In this study, we used the coding region of the rat hepatic p- 

galactoside a2,6-sialyltransferase (RI&Xl) to probe a human cDNA library. 

We report the isolation of a cLXJA sequence that apparently represen ts the 

human hcmolcg of RL-ST1 based on nucleotide and predicted amino acid 

similarity. 

Materials 
-32P] dATP (3000 Ci/Imnol), 

(lOOOr&mol) were purchased from 
[y-32P]ATP (3000 Ci/rmnol), and [Y-35S]dATP 
AmershamCorp. Restrictionenzymes and 

otherD?Amodifyingenzymeswere frameitherRcehri.ngerMannheim 
Biochemicals, Stratdgene, or Bethesda Research Laboratories. All tissue 
culturereagentswere fromGI5CCLaboratories. Allotherbiochemicalswere 
of the highest guality commercially available, and the chemicals were of 
reagentgradeorhigher. 

Isolation and analvsis of EM-ST.1 cIXA 
Approximately 500,000 plague forming units frcnn a human submaxillary 

gland library constructed in lambda gtll (Clontech laboratory, Palo Alto, 
CA) were screened using a 780 bp RstII/E!stII fragment frrmn the coding region 
of the rat liver p-galactoside cr2-6-sialyltransferase (RL&Tl) (6). Filter 
hybridization probes were generated by the raxlcm primer method (9). cDNA 
inserts were cloned into HJC or Ml3, and the nucleotide sequence was 
deterd.n& by the dideoxy chain terminator method (10). Seguen~ing 
reactionswereprimedwiththeMl3 seguencingprimerorthe synthetic 
oligonucleotides HSl-P2 (5' GCACCACAGCCAAC 3') and HSl-P3 ( 5' 
GIlTxaxcAm 3'). 

Cell cultures 
A human hepatoma cell line, HepG2, and a colon cancercellline, 

IS174T,were obtained fromAmericanTypeCultureCollectionandgrown in 
monolayerculture in cMEMsupplementedwithlO% fetalbovine serum, 2 rM 
glutamine, 25 mM glucose, 1 mM pate, 100 units/ml of penicillin , and 
100 &ml of streptcmycin. Non-essential amino acids were also added to 
media for LS174T cultures. LS174T-ID and IS174T-ND are liver and neck 
colonizing variants of the parent LS174T line, respectively. These variants 
were recovered fromxenogeneictunor fociinliver (ID) andneck (ND) of 
NlH.nu/numice Taconic Park, NJ) thathad receivedan ileccolicvein 
injection of 10 & IS174T cells three to four weeks earlier. All cells were 
maintained at 37°C in 5% CC2 atmosphere. 
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Analysis of FWA 
Total FWA frmnculturedcellswas extractedbyguanidinium 

isothiocyaMte (11) and purified by centrifugation through a cushion of 5.7M 
CsCl (12). Blot aMlysis (13) was performed after fractionation of the RNA 
in formaldehyde agarose gels (14). Transcript protection analysis was 
performed as described previously (15) using 30 w of FNA fmm HepG2 or 60 
pg of RNA from the LS174T cells. 

A 780 bp Bst.EII/E%stmI fragment of the rat liver /3-alactoside (~2,6- 

sialyltransferase cfNAwhichrepresen tsthedistaltwo-thirdsofthe coding 

region (6) wasusodtoscreenahuman submaxillaryglandcl;NAlibrary in 

lambda gtll. Previous eqeriments tiicatedthatthis rat coding region 

probe hybridizes to an approximately 4.7 kb human transcript from HepIG2 

cells, LS174T cells, and submaxillary gland tissues (lance and Lau, 

unpublished observations). 5 positively hybridizing clones were isolated 

after 6 su ccessive rounds of plague purification. The cCNA inserts, ranging 

up to 1.3 kb in size, showed similar restriction digest patterns and were 

apparently derived from the same transcript. The partial restriction map of 

the largest of the inserts, I-EM-STl, is shown in Fig 1. The complete EM- 

ST1 insert was cloned into the EC0 Rl site of Ml3. Single-stranded DNA was 

prepared and sequenced accordingto the strategydiagrammed in the lower 

portion of Fig 1. 

The 1.3 kb HSM-ST1 insert is apparently comprised of a 1020 nt protein 

coding domain followed by a 258 nt segment of the 3'-untranslated region. 

Fig 2 shows the nucleotide seguence comparison of HSM-ST1 cIXiA and the 

HSM-STI cDNA 

5’ 
R 82 N 

3’ 

I I I 

I 
lkb 

2,, 

R-ECORI N- Nco I 

B2-891 II B- Bst Eli 

K-Kpn I 

Fiq. 1. F%&Ll restriction map of the human ctNA, HSM-ST.1. Horizontal 
lineswith ~ITCWS inthelaJerportionofthefigureindicatethe 
strategythatwasusedfor sequence elucidation of IIsM-sI1. 
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---GCACCCAGGACCCCCACACGCCGCCACACCCTCGGCACTCT~~GGCCTAGCCMGGC~C~GAGGCCTCCTTC~GGTGTGG 
4 t 444 4 4+++++ +m++ +++w+++ +++++++ 44 4 ++++#+++++w++ 

AGCMGCMGACCCTMGCMtCATTCCMTCCTCACTTACCACAGGGTCACAGC~GGTC~CCA~GCCTTCCTTCCAGGTGTGG 

MCMGGACAGCTCTTCCMAMCCTTATCCCTAGGCTGCAAMGTAC 
++u++++ +++4 +++++++++++++++++ +++wwM+ +++++++ ++t+WM+M*Mw* 

GACMGGACTCCACATACTCMCTTMCCCCAGGCTGCTGMGGTATCCTAC 

CATTTTCCCTTCMTACCTCTWUTCGWGGGTTAlCTCCCCMGGTGTGCTGTT 
-w*w- -#Mm- ++++++++ 44 
WlTTTTCCCTTCMCACCACTGAGTGGGACGGGTTACCTGCC~G~~CTTTA~CCMGGTTGGGCCTTGGCMAGGTGTGCCGTC 

GTGTCGTCAGCGGGATCTCAGMGTCCTCCCMCTAGGCA~~TC~l~TCAT~CGCAGTCCTGAGGTTTMlGGGG~CC~CA 
+++++++++++++++~ ++++++++++ ++++++++++++++++ ++++++++~ +++++++++ 
GTCTCTTCTGCAGtATCTCTGUMACTCCCACCTTCGTCGAGGTTTMTGGGGCCCCTACC 

GCCMCTTCCAACMGATGTGGGCACAAAMCTACCATTCGCCTGATGMCTCTCAGTTGGTTACCACAGAGAAGCGCTTCCTCAMGAC 
4 ++++++++++++ +++++++++ +++++++++++++++++++ ++++++++++#+ 4 44 ++++++++ ++++++++++++++ 444 
GACMCTlCCMCAGGATGTGGGCTCWMCTACCATTCGCCATTCGCCTMT~CTCTCAGlTAGTCACCACAG~GCGCTTCCTCMGGAC 

AGTTTGTACMTGMGGMTCCTMTTGTATGGGACCCATCTGTATACCACTCAGATATCCC~GTGGTACCAGMTCCGGATTATMT 
++++++w +++++++++++++++++++++++++++++ 44 44 44 ++++++++++++++++++* +++++ 44 44 44 444 
AGTTTGTACACC~GGMTCCTMTTGTATGG~CCCATCCGTGTATCATGCA~TATCCC~GTGGTATCA~CCAGACTACMT 

TTCTTTMCMCTACMGACTTATCGTMGCTGCACCCCMTCAGCCCTTTTACATCCTCMGCCCCA~TGCCTTGGGAGCTATGG~C 
+++++ 4 4 444 ++++ 444 44 4 ++++ ++++++ +4+++ 4+44+ ++++++++++44++4+++++ ++++4 44 ++++++ 
TTCTTCGAMCCTATMGAGTTACCGAAGCCTGMCCCCAGCCAGCCATTTTATATCCTCMGCCCCA~TGCCATGGGAACTGTGGGAC 

ATTCTTCMGAAATCTCCCCAGAACAGATTCACCCAGCC~CCCCCCATCCTCTGG~TGCTTGGTATCATCATCATGAT~CGCTGTGTGAC 
44 ++++ ++++++++ ++++ ++++++++++++ +++++++++++ 44 +++++ ++++++++++++++++++++ +++++++++ 
ATCATTCAGGMATCTCTGCAGATCTGATTCAGCCAMTCCCTCTGTGTGAC 

UGGTGGATATTTATGAGTTCCTCCCATCCMGCGCMGACTGACGTGTGCTACTACTACCA~GTTCTTC~TAGTGCCTGCACGATG 
+++++ +++++*++ ++++++++++++++++++++++++++ ++++*++++++ 44 4444 **+++44+ 44 44 44 44444 444 
CAGGTACATATTTACCAGTTCCTCCCATCCMGCGCMGACG~CGTGTGClATTATCACC~AGTTCTTTGACAGCGCTTGCACCATG 

GGTGCCTACCACCCGCTGCTCTATGAGMGMTTTGGTGAAGCATCTCMCCAGGGCACAGATGAGGACAlCTACCTGCTTG~GCC 
++++++++4 +++++++ ++++ +++++++++ +++4++++++++++++ ++++ ++++++++ +++++ 44 44 ++++ ++++++ 
GGTGCCTACGACCCGCTCCTCTTCGAAGMTATGCTGGlGMGCATCTCMTGAGGG~CAGATGAA~CAlTTATTTGTTTGG~GCC 

ACACTGCCTGGCTTCCGGACCATTCACTGCM 1020 
44 44 ++++++++++++ *++++ 44 4 4 
ACCClTTCTGGCTTCCGGAACAlTCGTTGTm 1394 
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GCAC------AGGCTCCTCACTC-TTCTCCATCAGGCATT~TGMTGGTCTCTTGGCCACCCCAGCCTGG~GM~TTTTCCTGM HUNAN 
444 l +++++ +++++w+++ 44444 444 4 +++++++ ++++++++ 4444 444 
GTACCTAGCCAGGCACCClTATCCTTCTCCATACGl~TTTTATGGCTAClClCCTGGTTACCGCTGCTTGMG~GTGTTTTTATTCM RAT 

CMTTCCAGCCTGCTCCTTTTACTCTAGGGGCCTCTGTCAGCMGAC~TGGG~CTTCM~GCCTGTGGTCAG~T~GGTCCAGC HWAN 
44 ++++++++w4+ ++++++# 4444 ++++++ m+++++ 44 44 
CAGGCCCAGCCTGCTTCCTGCGCTCTAGG~TTTTGTTGGCM~GTTCTGGGGCCTCCAG-----------------------CCTGC RAT 

CTTCCCTGTAGCCAGACAGTTTATCACCCCAGAGCCTCCTGCCACA~CATGCACA~TATCTAGCATTCTTTCCAGACAGCATC 1278 HUNAN 
44 +++++ 4444 +++++++++++++ ++u++++w+ 444 +++++++++ 
CT-CCCTGGGGCCACCGAGCTGGGAGTCCACATTCT--TGCCACACTCATTCCTCC-TAGACAGCGTCCTCTCCTCCTTCTGCA 1632 RAT 

Fiq. 2. Conplete nucleotide seqence of IiSM-STlctNAand aanprisonwith 
the corresponding portion of rat p-galactcside a2,6-sialyltransferase 
(RLmSTl). FkmelAshowsthecmparisonbetweentheopenrmdirqframe 
of HSM-STlwith the ax-resptiingportiun ofRGsT1. Displayed is HSM- 
SIX sequexe fmnucleotidepositionltothe stopcodon (underlinea) 
at position 1020. PanelBdisplayst.heaqarisonof thexremainderof 
theI%SM-STlsequence afterthe stopox3onatpc6ition102Owiththe 

rresponlin3RGsTl3' untxanslatedr33gion. l%esynbol+iMlicates 
Zcleotidesimilaritybetweentheratan3hman seqmmxsatthat 
position. 
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corresponding portion of the rat liver e2,6-sialyltransferase sequence 

(6-8) . linmediatelyobvious featureistheclosesequence similaritybetween 

the rat liver sialyltransferase and the putatively human hamolog, HSM-STl. 

Similarity is most striking within the coding region which exhibits 79% 
nucleotide seguence similarity (Fig 2A). Quite mexpectedly, s.eq-ume 

similarity extends into a portion of the 3'-untranslated region immediately 

adjacent to the translation stop ccdon (Fig 2B). 

86% conservation between HSWSTl and the rat liver 02,6- 

sialyltransferase is observed on the amino acid level (Fig 3). This 

alignment suggests that the human cCNA contains approximately three quarters 
of the complete coding sequence. The 5’ end of the HSM-ST1 coincides with 

the second c&on of a soluble form of rat sialyltransferase protein that is 

putatively generated by proteolytic removal of a 63aa NH2- terminal 

membrane domain (7). A summary of the comparative analysis between the 

human clone, HSM-STl, and the rat liver sialyltransferase, FE,-STl, is 

diaqarnned in Fig 4. While it is apparent that the 5' information that 

putatively encodes the NH2 membrane anchor is missing in HsM-sTl, it is 

quite probable that the sequences required for catalytic activity and 

SpZCifiCity are preSent in I-EM-STl. This hypothesis is currently being 

tested by expressionofthehumansequenceunderthe control of a 

heterolcqous promotor elements in cultured cells. 

Northern blot analysis of FWA isolated from human hepatoma and colon 

cancercelllinesprobedwiththeItSM-STlfragmentsuggests thatthehuman 

sialyltransferase sequence is carried on a large, approximately 5.0 kb mRNA 

(data not shown). Not surprisingly, identical results were obtained using 

the highly homologous rat a2,6-sialyltransferase coding region probe. Since 

the signal on RNA blots can be the result of HSM-ST1 sequences as well as 

related but distinctly different transcripts (for example, mRNAs of 

1 -APRTPTGROTLGSLRGLAYAKPEASFPVUllKDSSSKNLIPRLPKIUKNYLSnNKYKVSYKCPGPGIKFSAEALRCHLRDHVNVSnVEVT 
* l +tM MM++++ *+M+Mm -w *** ww++#b64#++ 4 + 

64 SKPDPKEDIPILSYHRVTAYKP9PSFP\MmSTrSKLNPRLLKI~NYLNMNKY~SYKGPGPGVKFSVEALRCHLRDHVNV~~EAT 

90 DFPFNTSEUEGYLPKESlRTKAGPUGRCAWSSAGSLKSSOVGlKlTIRL~NSPLVTTEKRFLKO 
+44++4++44#+++ u+#MMMM#u+#u##uuuw+M4MMw+++w~w 

154 DFPFNTTEUEGYLPKENFRTKVGPVORCAWSSAGSLKNSPLCREIONHDAVLRFNGAPTDNFPPDVGSKTTIRLHNSPLVTTEKRFLKO 

180 SLYNEGILI~PSVYHSIP~QN~YNFFNNYKTYRKLHPNGPFY~LK~P~L~lL9ElSPEE~~PNPPSS~LG~ll~TLCD 
w+Mt+uwwMM* w+#++*eM+ +w#uw4- 

244 SLYTEGXLIVH)PSWNAOtPKUYPKPDYNFFETYKSYRRLNPSGPFY~LK~~L~II9ElSADLl9PNPPSSGULGIIIMnTLCO 

270 PVDIYEFLPSKRKTOVCYYY~KFFDSACTM~YHPLLYEKNLVKHLN~GTDEDIYLLG~TLPGFRTIHC 339 
+*wtM+w+- -w+*w- Mu+ b4+ * + 

334 PM)~YEFLPSKRKTOVCYYHPKFFDSACTnCAYDPLLFEKNMVKHLNEGTOEOIYLFG~TLSGFRN~RC 403 

H&IAN 

RAT 

HIJUAN 

RAT 

HUMAN 

RAT 

HUMAN 

RAT 

Fiu. 3. Cmparison ofthededuced aminoacid m of HSM-STlandRIr 
sm. thesymbol+ i.rhcatespredictedami.nc acid similarity b&ween 
the two sequences at that position. 
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F&a. 4. schematic annparison ofI%SN-=landRLsTl. 

sialyltransferases with different linkage specificities), S1 n!apping 

analysis was us& to examine directly the expression of HSM-ST1 n@NA. An 

end-labeledprobewas prepared usingthe E!glII sitethatresides14Obp 

downstream of the 5' end of the m-ST1 cIXA clone. The specificity of this 
analysis for HSM-ST1 transcripts is demmstrated in Fig 5. RNA frm humn 
Hep G2 cells (lane 1) protect& the entire 140 nt HSWSTl region present on 

theprobe. In contrast, no signal is observed using RNA from rat liver, a 

tissue source known to be enrich&l for the highly similar rat or2,6- 

sialyltransferase mRNA (lane 2). S1 analysis was also used to examine 

expression of HSM-ST1 mRNA in other human derived cell lines. Fig 6 

illustrates that HSP-ST1 is expressed in LS174T cells (lanes l-3) as well as 

in HepG2 cells (lane 4). Hcmever, the HSM-ST1 transcript level is a 

reproducible >2 fold higher in HepG2 cells than in the IS174T lines: for the 
S1 analysis shown in Fig 6, only 30 ~19 of He&G2 RNA was used cmpared to 60 

1.19 of FWA for each of the LS174T cell lines. There are also differences in 

the level of HSM-ST1 expression among the IS174T lines. HSM-ST1 mFWA is 

lowest in the parental LS174-CD line (Fig 6, lane l), and relatively higher 

in the liver and neck colonizing variants, LS174-ID and LS174-ND (Fig 6, 
lanes 2 and 3, respectively). Overall, the levels of HEW-ST1 fzxpression in 

the different cell lines are: HepG2 > LS174T-ND and IS174T-ID > IS174T-CD. 
Takentogether,thedataindicatethat~-~lrepresentsapartial 

clone for the human equivalent of the rat hepatic p-galactcside a2,6- 
sialyltransferase. Since all known mammalian glycc6yltransferases 

includirq human (16), bovine (17), and niuuse (18) galactosyltransferases, 

and the rat sialyltransferase are enaxkd on mRNAs with extensive 3'- 

untranslated regions, it is highlyprobablethatthis feature is sharedby 
HSM-STltranscript andthatthis cmpleteregionis not represented in our 
cENA clones. Likewise, aligmentoftheHSM-STlazding sequencewiththe 
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S1 nuclease analysis of He@2 (lane 1) and rat liver mRNA (lane 
HSbf-STlcDNAinseh subcloned into PUCvectorwasl' mfarized at 

the unique E!gl II site located at position 140 within the CONA insert 
and labeled with 32P using polynucleotide kimse. ?his end-labeled 
fra~twasused~probedfortheSlmapping~imentasdescribed 
in Materials and Methods. Sizemarkxs are PBR fragments g 
digestion with Hpa II (lane 3). 

-why 

Fia. 6. Sl nuclmse analysis of LS174T and HepG2 RN&. Lane 1, LS174T-CD; 
lane 2, Is174T-ND: lane 3, IS174T-ID: and lane 4, Hep~G2. Analysis was 
pe.rfori1-4 as described in Fig 5 with 30 jig of HepZ2 RNA or 60 w of 
each of the IS174T RNAs. 
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rat hepatic ar2,6-sialyltransferase stmrgly suggests that the infomtion 

for 25% of the NH2 terminal region is missing on the human clone (see Fig 

4). Nevertheless, the results of the SI nuclease experiments confirm that 

HSM-STlclone represents apartialcm seguence for a humanderivedmRNA. 

This Mona, a putatively human p-galactoside (r2,6-sialyltransferase 

transcript, is expressed in liver derived Hew2 cells as well as in cells of 
colonic origin. Cmsistentwith the observed widespread tissue distribution 

of the rat a2,6-sialyltransferase transcripts and protein (8,19), a similar 

pattern of tissue expression for HSM-ST1 can be expe&ed. The availability 

of cDNAs for human sialyltransferases will facilitate future studies of the 

pathophysiolcgic significance of alterations in the levels of riRNAs for 

these enzymes. 

Wearegrateful for Dr. StefanA. Cohen forprovidingthevariantlines 
of LS174T. We also thank Marcia Held and Ixy Scere for help in the 
preparation of the manuscript. 
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