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Induction of sialic acid 9-O-acetylation by diverse gene products: implications for
the expression cloning of sialic acid O-acetyltransferases
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Sialic acids can be modified by O-acetyl esters at the 7- and/or transferase activity that has been re_ported in a variety of systems
9-position, altering recognition by antibodies, lectins and (Schauer, 1978; Schauer, 1988; Dézal., 1989; Higaet al.,
viruses. 9(7)-O-acetylation is mediated by a sialic acid— 1989; Sjoberegt al., 1992; Butoret al., 1993; Hayes and Varki,
specific O-acetyltransferase, which has proven difficult to pu-  1993; Chammast al.,1996). O-Acetyl esters initially present at
rify. Two groups have recently isolated cDNAs possibly the 7_-posmon can migrate to the 9—posmqn under phyS|0ng|caI
encoding this enzyme, by expression cloning of human mela- conditions (Varki and Diaz, 1984; Kamerliegal.,1987). This
noma libraries in COS cells expressing the substrate ganglio- 'aised the possibility that the enzyme might transfer acetyl groups
side Gps. Pursuing a similar approach, we have isolated pnmap_ly to the 7-position, with subsequent migration to the
additional clones that can induce 9-O-acetylation. One clone 9-position. However, in the systems studied so far, transfer to both
present in a melanoma library encodes a fusion protein be- the 7- and the 9-position has been found (Schauer, 1988¢Diaz
tween a bacterial tetracycline resistance gene repressor and al. 1989; Butoret al., 1993). Unfortunately, despite years of

a sequence reported to be part of the P3 plasmid. Expression €ffort by many groups, this O-acetyltransferase activity has so far
of the open reading frame is necessary for inducing 9-O-ace- Proven mtractable_to solubilization and purification. One pOSS|_bIe
tylation, indicating that this is not a reaction to the introduc- ~ €ason is that this enzyme may act by a novel mechanism,
tion of bacterial DNA. Another clone from a rat liver cDNA  involving transmembrane transfer of acetate groups (@iat,
library induced 9-O-acetylation on COS cells expressing 1989; Higeet al.,1989). Thus, solubilization from the membrane
a2-6-linked sialic acids, and encodes an open reading frame S€€ms to affect enzyme integrity, and activity assays involving
identical to the Vitamin D binding protein. However, trun- ~ €X0genous acceptors have been very difficult to develop €Diaz
cation at the 3 end eliminates the amino-terminal hydro- ~ @l., 1989; Butoret al.,1993). _ _
phobic signal sequence, predicting cytosolic hyperexpression ~ An alternate approach practiced with great success in the
of a truncated protein. Thus, diverse types of cDNAs can glycosyltransferase field has been expression cloning, via detec-
indirectly induce sialic acid 9-O-acetylation in the COS cell tion of cell surface expression of the enzyme product. This
system, raising the possibility that the real enzyme may be @pproach involves transfection and hyperexpression of a cDNA
composed of multiple subunits which would not be amenable library from a cell type known to express the enzyme or protein
to expression cloning. Importantly, the cDNAs we isolated are  Of interest (Aruffo and Seed, 1987; Seed and Aruffo, 1987). In the
highly specific in their ability to induce 9-O-acetylation either ~ case of a cell surface protein product, enrichment of the
on a2-6-linked sialic acids of glycoproteins (truncated vit- €pisomally replicating plasmid is obtained by isolating cells
amin D binding protein) or on the a2—8-linked sialic acids of expressing the protein, detected by monospecific antibodies
gangliosides (Tet fusion protein). These data confirm our (Aruffo and Seed, 1987; Seed and Aruffo, 1987). In the case of
prior suggestion that a family of O-acetyltransferases with & glycosyltransferase, the product appearing on the cell-surface is
distinctive substrate specificities exists in mammalian @ specific oligosaccharide, which is detected by an appropriate

systems. antibody or lectin (Natsuka and Lowe, 1994; Fuketds.,1996).
An absolute requirement for success in both cases is that the
Key words:sialic acid/expression cloning/9-O-acetylation protein or enzyme to be cloned is the product of a single

messenger RNA. This has fortunately proven to be the case for a
Introduction large number of glycosyltransferase enzymes studied so far

(Natsuka and Lowe, 1994; Fukudaal., 1996; Larseret al.,
Sialic acids are found throughout the deuterostome lineage of th889; Kukowska-Latall@t al.,1990; Loweet al.,1990, 1991;
animal kingdom (Schauer, 1982). The most common sialic aclBmithet al.,1990; Nagatat al.,1992; Nareet al.,1994; Sasaki
is N-acetyl-neuraminic acid (Neu5Ac), which is likely to be theet al.,1994; Smith and Lowe, 1994; Eckhaetiil.,1995; Haslam
metabolic precursor of most other members of the familgnd Baenziger, 1996; Mihlenhddt al., 1996; Nakayama and
(Schauer, 1991; Varki, 1992). One of the more commoRukuda, 1996; Nakayaret al.,1996). An additional require-
modifications of sialic acids is the presence of O-acetyl estersmaent for success in expression cloning of a glycosyltransferase
the 7- and/or 9-position (Schauer, 1991; Varki, 1992). Increasir@dPNA is that the cell line used must express the precursor
evidence suggests that these modifications affect embryorsabstrate structure that is a specific target for the enzyme to be
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cloned. In the case of sialic acid O-acetylation, the target is siali
acid, which is present on the surface of the CHO and COS cells
that are commonly used for expression cloning.

Neither of these two cell types constitutively expresses..
9-O-acetylation (Stet al.,1996b). However, all of the sialic acids 3
on these cell surfaces ar@-3-linked (Leeet al.,1989). Onthe €
other hand, we had previously noted a strong preference foE
9-O-acetylation to be found or2—6 andi2—8-linked sialic acids =
in naturally occurring systems (Diat al., 1989; Higaet al., 8
1989; Sjobergt al.,1992). To increase the probability of success
in expression cloning, we therefore stably transfected CHO cells N
or COS cells with cDNAs encoding the enzymes ST6Gal | (adds 10! 102 10
02—6-linked sialic acids mainly to N-linked chains; Weinsedin Fluorescence
al., 1982, 1987; Grundmaret al.,1990; Svenssoat al.,1990)
or ST8Sia | (adds am2—-8-linked sialic acid to the2—3-linked
sialic acid of the gangliosidepgs, converting it into @3; Nara
et al., 1994; Sasaket al., 1994). To our surprise, both these rer* 1 [MTKLQPNTVIRAALDLLNEVGVDGLTTRKLAERLGVQQPAI
transfections induced the appearance of 9-O-acetylation on CHG-5 1 MTKLOPNTVIRAALDLLNEVGVDGLTTRKLAERLGVOOPA
cells (Shiet al.,1996b), suggesting that these cells already had anggnr 4, RN RAL L DAL AFANT AENETHSVPRADDDWRSELT
endogenous O-acetyltransferase activity with preference for sialics-5 41 [LYWHFRNKRALLDALAEAMLAENHTHSVPRADDDWRSFLI|
aC|d_s inthese Ilnkages_, thus making them unsuitable f(_)r expression . NARGFRGALIATADGAR THAGTREGAPOMETADAQLRFL
cloning. Fortunately, similarly transfected COS cells did not show ¢_5 &7 HNGSRGXFHTYQFCACRSRPRL
this induction, and hence could be used for this purpose.

In pursuing this strategy, we noticed that several apparenﬂyTETr 121 CEAGFSAGDAVNALMTISYFTVGAVLEEQAGDSDAGERGG
unrelated clones induced low levels of 9-O-acetylation. While we pgm= 141 TVEQAPLSPLLRAATDAFDEAGPDAAFEQGLAVIVDGLAK
were puzzling over this result, two other groups published their
reports using the identical approach. In each case, expression fE** 201 RRLVVRNVEGPRKGDD
human melanoma libraries in COS cells expressing the substrate
ganglioside G3 gave rise to clones capable of inducing
9-O-acetylation of the outer sialic acid residue on this substrate.

In the first report, the deduced amino acid sequence of thgg. 1.A cDNA from a human melanoma library that induces
47.4 kDa cDNA product was found to be closely related to the-O-acetylation of gangliosidegg in COS.Gys cells. @) 1 x 10P COS cells
milk fat globule membrane glycoprotein, a secreted mucin-typ%;rtls"::g;gtsv?t'g ;ng?asssm% %T\ifg' &gﬁﬁr’g&aﬁu"ﬁ; elanoma
molecule (Oguraet al., 1996). In_ the second instance, the_ cDNA library as described undbfaterials and method$Vashed cells were
60.9 kDa cDNA product was predicted to be a very hydrophobigained with mAb27A followed by FITC-conjugated goat anti-mouse IgG
protein with multiple membrane-spanning regions, and studie@KG = secondary antibody alone), and analyzed by flow cytometry. The
with permeabilized cells indicated an enhanced incorporation df?ht p_fénel SthQVYS ﬂ;ﬁ results OgtsiAHE_d when trfg;fect!ngtatr) equal amount of
H . asmid containin e same C In a revers: rientation.
acetyl CoA into membrane Compar.tme”ts (Kananeoral., . ?B) Translation ofgt]he complete open reading framoeaz)f the cDNA insert (S-5)
.1997)- Howe\_/er, an“bOdY |9ca|!zat|_0n of _the latter ProteiN that induces 9-O-acetylation, showing the nearly identical match of the
indicated a wide-spread distribution in ER-like compartmentsamino-terminal end (boxed region) to the reported sequence of the
Furthermore, the proposed function of this protein (transport oPseudomonas Tegene product (GenBank accession no. X75761). The
acetyl CoA into the Golgi) does not fit with the mechanism complete predicted open reading frame of the isolated insert is identical to
previously proposed for the O-acetyltransferase enzyme @tliga ng‘ééﬂﬂqnsd'?opbegednérﬁzge}?gnﬁﬁﬂg%TaBS"’:::ﬁ;‘ccess'on no. 107249
al., 1989). Here, we report on our initial attempts at expression '
cloning of this elusive activity. Our results sound a cautionary
note toward the use of this approach for solving this particulqirb
problem, and indicate that the real O-acetyltransferase has
been cloned by any group, to date. More importantly, they provi
confirmatory evidence for the presence of more than one sia
acid O-acetyltransferase activity that can be induced in COS ¢
by different gene products.
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ary prepared in the pCDMB8 vector. To isolate cells expressing
-O-acetylation, we used FACS after staining with 27A, a MAb
ecific for 9-O-acetyl gz (Dekanet al.,1990; Reivineret al.,
92). FACS isolation, plasmid extraction, and retransfection
re carried out as described/aterials and methodéfter two
rounds of enrichment by FACS, final isolation of clones was
carried out by sibling selection of 20 pools using 27A and
checking by flow cytometry. We finally obtained one clone that

Results and discussion induced high levels of cell surface 9-O-acetyjsGFigure1A,

Isolation of cDNA clone from a human melanoma library left panel). Upon complete sequencing, this clone was found to
capable of inducing 9-O-acetylation @28 linked sialic encode a fusion protein between' Tatrepressor of the bacterial
acid on ganglioside 63 tetracycline resistance geneétillen and Berens, 1994) and an

unknown sequence previously reported as part of the bacterial P3
Human melanoma cells are known to 9-O-acetylate the terminglasmid (FigurelB, GenBank accession numbers X75761 and
02-8 linked sialic acid on gangliosidgé{Cherestet al.,1984).  107249). This cDNA must have been serendipitously incorpo-
Since COS cells express the precursgrs,Gwe first stably rated into the melanoma cDNA library during its preparation
transfected these cells withh@synthase (ST8Sia 1), and then using the parent pCDM8 plasmid, which was originally grown in
attempted expression cloning with a human melanoma cDNMC1061E.coli that is known to harbor the P3 plasmid. To rule
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out the possibility that this induction of O-acetylation was ap
nonspecific reactive response to introduction of bacterial DNA,

we also transfected a clone containing the reverse8’)(3 ]
sequence. As shown in Figuta (right panel), this clone does o 7
not cause induction of O-acetylation, indicating that expression®
of the open reading frame is necessary for this response. T

presence of several hydrophobic stretches suggests that the gee =
product might be associated with membranes. However, givef
the mechanism of action of the Tetpressor gene product (a g
transcription repressor), the induction is more likely to be theO©
consequence of an alteration in O-acetyltransferase gene express-
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) . ) ) Fluorescence
Isolation of a rat liver cDNA clone capable of inducing B
9-O-acetylation 062—6 linked sialic acids

5’end

Another batch of COS cells were stably transfected with ST6Gal
I tO glve eXpreSSlOﬂ Of termlnﬂQ—G Ilnked SIa|IC aCldS These RL3-6: AGGGTTCTGETTCTCCTGCTGGCCTTAGCCTTTCGGCATGCCCTAGAGAGAGGCCGAGAT 60

cells were then transfected with a cDNA library from rat liver, swos. smeasckibbirtbebommeirsnibtbtbib bbb A S o6

where such residues are known to be 9-O-acetylated ¢Diz pERvETEREERE OSSR ERSRD

. . . RL3-6: TATGAGAAGGATAAAGTTTGCCACCAACTCTCCACGCTGGGA! GATGACTTCAGATCT 120
1989; Hayes and Varki, 1993). To isolate cells expressing CELEECEE LT T
9 O ace Iatlon We used CHE FCD a recombinant SOlubleRVDBP TATGAGAAGGATARAGTTTGCCAGGAACTCTCCACGCTCGGGGAAAGATGACTTCAGATCT 126

chimera of the Influenza C hemagglutinin-esterase fused to thes-s:

hinge and Fc regions of human lg&hd treated with DFP (Klein  rveer:
et al.,1994). The process of FACS isolation, plasmid recovery, ., ..
and retransfection was very similar to that described above. Afteg,,....
two rounds of enrichment by FACS, final isolation of clones was
carried out by sibling selection of 20 pools by flow cytometry -
detection using CHE-FcD. Several cDNA clones induced "™

CTATCACTAATCCTATACAGCAGGAAGTTTCCCAGTAGCACCTTTGAACAGGTCAGTCAG 180
DEECCE TP CEEEEL LT
CTATCACTAATCCTATACAGCAGGAAGTTTCCCAGTAGCACCTTTGAACAGGTCAGTCAG 186
L § L I L Y & R KT F P S 8§ T F E QV S 0

CTTGTGAACGRAGTTGTCTCCTTAACTCACCAATGCTGTGCTGAGGGAGCAGATCCCAAC 240
PELLELTTDUEEEEE LR PR EE LT LR

CTTGTGAAGGAAGTTGTCTCCTTAACTCAGCAATGCTCGTGCTGAGGGAGCAGATCCCAAC 246

LV KEV VvV SLTTETET CT CAaZESGA ATDFPN
TGCTATGACACCAGGACTTCGGAGCCGTCTATTAAGTCCTGTGARAGTGACGCCCCCTTT 300
CILECEEEEEE D PEREEEET AR FCVLELLEETTTLLT LT
TGCTATGACACCAGGACTTCGGAGCTGTCTATTAAGTCCTGTGARAGTGACGCCCCCTTT 306

cYyDTRTSETLSTILITZKTESTCTETST DA ATPF

CGTTCACCCCGGGACTTCCGAGTGTTGCACGAAGGAGGGGCTAGAGCGGAAACTCTGC 360

expression of very low levels of 9-O-acetylation, but were Not ws-s ce
studied further. One clone that gave a higher level of 9-O-acetylammss.  debbd LI Gl b R 566
tion (see Figur@A) was sequenced from theaid 3 ends. Both PrErersreemE R R EREES
ends showed a nearly complete identity with the previouslys:s-s:
reported cDNA (Figur@B) encoding the rat vitamin D-binding  svoee
protein (GenBank accession number M12450), which is syn-
thesized by the liver (Cooke, 1986; Haddad, 1995). Of note, the,
isolated clone was truncated by 6 bases, eliminating the first two
amino acids of the open reading frame of the native protein (see:-s:
Figure2B). This predicts a start site from the second methioninesvoee:
at normal position (M123), which interestingly coincides with the
junction between the first two domains of the native protein rc:-¢:
(Cooke, 1986). Sequencing from thHeeBd showed a complete ===
identity with the 3end of the native cDNA encoding the same _, .,
protein (including the polyA tail; see Figu@B). Since the N
N-terminal signal sequence was eliminated by the truncation and.,_s.
there are no other extended hydrophobic sequences, this geng:s.
product cannot enter the ER-Golgi pathway and must bes-e. GAAATATGOTGCAAACTCTARARAA AR »
expressed in the cytosol. Since this cDNA could not be encodingsse:: I Ty
the O-acetyltransferase itself and was essentially identical to the
rat vitamin D binding protein at both&d 3ends, we chose not 5 A CONA T ¢ ver library that ind 0.0-acetylation of sial
H 1 1 1. 2.AC rom a rat liver liorary that induces 9-O-acetylation or sialic

o o o9 s on SToGa | xpressing COS celf COS cels tht et sl

- - . : pressing ST6Gal | enzyme were transfected with a cDNA (RL 3-6)
9-O-acetylation showed identity to the previously reported cDNAisolated from a rat liver library as described uridaterials and methods
for rat preproalbumin (data not shown, identical to GenBankrhe washed cells were stained with CHE-FcD followed by FITC-conjugated
accession numbers V01222,J00698). As with the first clone, thi%g\?vt ?ngg:tfgla%ge'” éﬁf;:efiﬁ%wsageagistﬁ:isyoat)l?;ﬁéda\?v?] :r??rlgrz]z?egxi/ng
One was |ncomp!ete at thaﬁnd, and.complete at th"eéhd (da.ta an equal amount of the vector (pcDNA3) without an insBjt5( end of the
not shown). Again, the amino-terminal end of native protein Wagpna insert that induces 9-O-acetylation, showing the nearly identical
eliminated by the truncation, predicting a start site from thematch to the reported sequence of the rat vitamin D binding protein
methionine at normal position 148. It is of particular note that théGenBank accession number M12450). Note that the predicted open reading
closest reported homologue of the viarmin D binding s albumif e o1 i saies s coes o e e tatr nemonne o e
(COle, 1986). _Thus'_ tWO_ homo,log,ous prOtems with known IIpldby bases 367-3609. Sequencing of ther@l of the insert showed identity to
blndll’tl)? pr(f)peétle$ (Vltﬁ?nam D bllndlng prOtCel(gSand ”a|bum|n) arethe 3 end of the rat vitamin D binding protein, including the translational
capable of inducing 9-O-acetylation on cells expressingtop site and the poly-A tail.

M A AL S E Q P Q E F
ATGGCTGCCCTCAGTCACCAGCCACACGAATTT . . . . . .
PECLLLEELEETPLEEELEEEL TR
ATGGCTGCCCTCAGTCACCAGCCACACGRATTT . . . . . .

M A AL § H QP Q E F

'end

FLCVE LR TR

ATATGCAATGCCTTGGACCTAGAACTGGACCACTCTG 1481

CARRATCAAGCARATACCACAGAGATGGCCTTCCAGGAGGACC
[T CUPLPELCLP RN LEEEEET L
GCAARTACCACAGAGATGGCCTT 3GACC 1541

FECPLETELTTTT L
G PTGCCAGATAAC.

GAARAATTGCCAGAT.

ACCAGGATAATTCCATTTTTCCCATCTACAATGTTTTTTCATGAATTATAAAAATARATT 240

PECPLLLL LR LT LT PECLELELLEL LT

ACCAGGATAATTCCATTTTTCCCATCTACAATCTTTT T IGATGAATTATAAAAATAAATT 16 01
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G [ Gvopasizn [ ovopman crer) | i T O ead miechanism for the enzyme
sroca | 5'53‘_3;'5" (ransmembrane transfer of the acetyl group; Bigal.,1989;
ase | Higa et a'I., 1989). Our data .|nd'|cate a likely explananon:_ tha_lt
P several different cDNAs can indirectly induce 9-O-acetylation in
o s COS cells. The failure to isolate the true 9-O-acetyltransferase
AL 3.6 cDNA might be explained by (1) low frequency of representation
Pasiive Control in t_he I|brar|_es beln_g scr_eened_; 2 avery large size, outs_;lde the
4o o1 02 03 04 00 01 G2 03 04 0s limits of the insert sizes in the libraries used; or (3) the existence
A490 (9-O-acetylation) of more than one polypeptide component required to reconstitute
the enzyme. The last possibility is supported by the extreme
instability of the native enzymatic activity to purification and the
Fig. 3. Differential effects of two cDNA clones in inducing sialic acid hovel transmembrane mechanism proposed for its aCtlon.énga
9-O-acetylation on different classes of glycoconjugates. The different al., 1989). Regardless, these data sound a note of caution to the
cDNAs were transfected into modified COS cells as shown: SI5Li&in many groups now attempting to clone this activity using the
protein, RL 3-6, truncated rat vitamin D binding protein, S'5(3 S-5 expression cloning method. Fortunately, some very useful

cDNA in a reversed orientation. Total ganglioside extracts or glycopeptides jnformation has emerged from this work. The fact that the cDNAs

from the transfected cells were studied by ELISA for the presence of : : O : e o
9-O-acetylation with MAb 27A or probe CHE-FcD as described under isolated induce 9-O-acetylation on specific classes of glycoconju

Materials and method#ositive controls are: gangliosides, human gates strongly supports our prior predictions based on more
melanoma glycolipids, glycopeptides, rat liver glycopeptides. indirect evidence (Sjobewg al.,1992; Butoret al.,1993; Shiet
al., 1996b) that there must be more than one distinct form of
mammalian sialic acid-specific 9-O-acetyltransferase. The pres-
ent data indicate the existence of at least two forms of the
a2-6 linked sialic acids when expressed in a truncated form in thtivity—one working or2—6 linked sialic acids of N-linked
cytosol. It is also important to note that the same clones did ngigars chains (But@t al.,1993; Hayes and Varki, 1993; SHi
induce 9-O-acetylation in parental COS cells that have primarily]. 1996b), and another working or2—8 linked sialic acids of
a2-3 linked sialic acids (data not shown). gangliosides (Sjoberet al.,1992; Shiet al., 1996b). Based on
other independent data, we can also now suggest a third enzyme
working on as yet unidentified Sia linkages of mucin-type
O-linked chains (Shét al.,1996a; Krishna and Varki, 1997). The
cloning of the cDNAs encoding these activities is needed to
It is obvious that none of these isolated clones encode the siagi@rify if the size of this enzyme family is even larger. This will
acid O-acetyltransferase itself. Rather, they must induce tt#so provide the critical tools to explore the selective expression
expression and/or activity of an endogenous activity by indire@nd functions of the different types of 9-O-acetylation during
mechanisms. If these mechanisms were very non-specific (e.dgvelopment and differentiation and in the interactions with
altering the availability of the donor AcCoA) each isolated clon@nicrobes.
should induce 9-O-acetylation on all the different classes of
glycoconjugates. To explore this possibility, we transfected the
clones encoding the truncated vitamin D—binding protein or thiaterials and methods
Tet repressor gene into the host COS cells that expressed eitiMaterials
552e g !{'r?é( %dS,O r[é%e?s“er(]jkzcej (;Ijaelﬁczcgsfhﬁst?ugig?égﬁégggg (I)’rweMost of the materials used were from the Sigma Chemical Co.

gene. As shown in Figu the two clones selectively induced The following materials were obtained from other sources
O-acetylation either on glycoproteins (the vitamin D bindindlnd'cated' fluorescein isothiocynate-conjugated goat anti-mouse

protein in cells wittn2—6 linked sialic acids) or on gangliosides gG Ab, Pierce; Proteinase K, Life Technologies, Inc.; peroxi-
(the Tet repressor gene in cells wittP—8 linked sialic acids). dase-conjugated goat anti-mouse I9G Ab, Bio-Rad, fluorescein

Transfection of the'&' oriented cDNA of the Tételated protein isothiocynate-conjugated goat anti-human IgG, CalTag Labora-

did not induce 9-O-acetylation (see FigByeThese data indicate tories; diisopropyl fluorophosphate (DFP), Aldrich; fetal calf

that each gene product must be selectively inducing the activ@erum’ Hyclone; Xengbmd rr'ncrgwclelkllplhatebs_, .XEr']\lO.POR.E Corp..
of a distinct and specific 9-O-acetyltransferase. rotein assays were determined with the bicinchonic acid protein

assay reagent kit (Pierce) using BSA as a standard. All other
chemicals were of reagent grade or better, and were obtained from

Conclusions and perspectives commercial sources.

The isolated clones selectively induce 9-O-acetylation on
specific classes of glycoconjugates

While these results can be considered disappointing with reg
to cloning the O-acetyltransferase, several very useful co
clusions emerge. First, two other groups have isolated differedtuman melanoma cells (Melur) were from David Cheresh,
clones capable of inducing 9-O-acetylation in COS cells witlscripps Research Institute, and were propagated in Dulbecco’s
02-8 sialic acid linkages (Ogus al.,1996; Kanamoret al., modified Eagle’s medium supplemented with 10% fetal calf
1997). Only one of these clones does have hydrophobserum. The mouse IgGanti-Gy3 monoclonal antibody R-24
sequences of the type that would be expected for the true sigliamerican Type Culture Collection; Pulket al.,1982), and the

acid O-acetyltransferase (Kanametial.,1997). However, this 1gG3 anti-9-O-acetyl-@3 monoclonal antibody 27A (M. Farqu-
protein (called AT-1) does not have the expected Golgi localizzar, UCSD) (Dekaet al.,1990; Reivineret al.,1992) were used
ation (Sjoberget al.,1992; Hayes and Varki, 1993; Chamneas as hybridoma supernatants. The soluble chimeric protein CHE-

‘el Lines, monoclonal antibodies, and probes
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Fc, consisting of the extracellular domain of Influenza CFlow cytometric analysis of O-acetylation on transfected cells
hemagglutinin-esterase fused to Fc portion of human, ly@s )
generated as described previously (Kleinal., 1994). The Transfected cells (Fpwere released from the culture plate with

modified form CHE-FcD was made by treating CHE-Fc with?YPSin or 0.5 mM EDTA in PBS, incubated with mAb 27A
i 4 1nd ; drecognizes 9-O-acetyl3) or CHE-FcD (recognizes O-acetyl-

ated Sias), followed by FITC-con_jugated goat anti-mous_e IgG or
releases 9-O-acetyl esters from Sias, whereas CHE-FcD speciip@t anti-human secondary antibody. After final washing, the

cally recognizes and binds to 9-O-acetylated Sias (ie#., cglls. were analyzed by fIQW cytometric analysis on a Becton
199):1)_ g vy ( Dickinson FACScan machine.

esterase (Kleiret al.,1994). The CHE-Fc molecule specifically

Extraction of gangliosides and glycopeptides from cultured  Isolation of cDNA clones inducing 9-O-acetylation on
cells ganglioside @3

. mammalian expression vector-based (pcDM8) human melanoma

\éVSSCTdeeOCﬁl(lz.lpell.elts anvc\ilefz V/S\Sqlf;?:g ”l):)/riefe ﬁtg?r(\:ct%inizb- DNA library was a gift from Drs. John Lowe and Robert Larsen.
s .1, Ly ’ Y i i

ation. Extracts were pooled, dried down, and resuspended irl.CQSGD3 pells(_2.4>< 10 were transfected with 164y of this
volumes of ice-cold deionized water, homogenized®@ 4nd  'Prary using Lipofectamin. After 68 h, the 9-O-acetylateshG
the homogenate added dropwise tc; 8 volumes of methanol Rgsitive cells were isolated by fluorescence-activated cell sorting
room temperature (RT) with constant stirring. Chloroform ( IACS.)d“S',r\‘I%\mAb 27A| ang aAI\: Af(fZStarc;Jr;t (IBdec{%réEKé(lnsaon). d
volumes) was then added and mixed. After centrifugation, thio a?fm| o8~ fwasﬂ:so at? d( rlllj 0 ag h eed, o] etﬁ ﬁm 1
supernatant was collected and adjusted to a final chloroforfaf Y19 Mc)lz)%nll/Pg sor”e ce hs and then exp?n e _|r_1”. € 05
methanol/water ratio of 4:8:5.6 (v/v/v). After phase separatio actenar The o] ce 3 n tbe_ prgsence 0 amfplm '3 an
gangliosides were enriched in the hydrophilic upper phase, whidgracycline. The plasmids obtained were transfected into
was dried down, resuspended in methanol, and keptat 2l OSGpg cells again and another cycle of isolation of 9-Oacety-
use. The denatured proteins left behind after the lipid extractid t?g gb? posmvcla ceflls lwas.((jjone. (Ij?ecm;]ered Iplasmlgsf were
were digested completely with Proteinase K. The supernatant ided into pools of plasmids, and each pool tested for its

then concentrated using Centricon-10 (Amicon, Beverly, MA), iaPability to induce expression of O-acetylateg; By re-
order to remove free amino acids. ransfection into CO&p3 cells. Once a particular pool was

identified to induce the expression of O-acetylation, plasmids in
that pool were further divided into subpools containing a smaller
ELISA plate assays for 9-O-acetylated gangliosides and number. Further narrowing of the pools eventually gave the
glycopeptides isolation of a single cDNA that induces O-acetylation or is the
O-acetyltransferase itself. The nucleotide sequencing of the insert
Total ganglioside extracts or glycopeptides were studied byas determined in both directions by the dideoxy nucleotide
ELISA. Lipids were applied to the plate in 45% methanol, andhain termination method, using the services of UCSD CFAR
dried at RT. Glycopeptides were adsorbed onto 96-well “Xenaviolecular Biology Core Facility.
bind” plates. The effects of base on reactivity were assessed by
treating with 0.1 M NaOH at°£ for 30 min (control experiments
show that base treatment does not cause loss of antigen from Ig@ation of a cDNA clone inducing 9-O-acetylation on
wells, data not shown). After treatment, the plates were extensiva2,6-sialylated N-linked glycoproteins
ly washed with PBS, blocked with 2% BSA in PBS for 2 h, an(%\ i : tor-based DNA3) rat li
then incubated with either a MAb 27A or with CHE-FcD &t4 mammalian expression vector-based (pc ) rat liver

for 2 h. After washing three times with 1% BSA, horseradisgéDNA library was purchased from Invitrogen (San Diego, CA).

. 7 .
peroxidase—conjugated goat anti-mouse 1gG (MAb probe) OSST6Sia I_cells_ (2.4 10)_Were transfected with 16y of .
goat anti-human IgG antibodies (CHE-FcD probe) was adddd'S llPrary using Lipofectamin. After 68 h, 9-O-acetylated Sia
(each at 1:1000 dilutions) for 1 h. After washing, the reaction wa%os't'vf? ceI{s.w.ere "?‘t?]lactadEbg IE)ACﬁ(I;ACStar,_ Becst)ongcktlnl—
developed with orthophenylenediamine dihydrochloride (OPD on) after staining wi -~C€D, which recognizes 9-D-acetyl-

. . “ated sialic acids. Plasmid DNA was isolated from the sorted cells
Background levels measured by adding the secondary antibod : X X
alone were subtracted in all cases. ayd then expanded in the host bacteria @EtIs in the presence

of ampicillin. Pools and subpools of plasmids were obtained
using the same approach described above. Further narrowing
Construction of stable transfectants for targeting cells down of the pools eventually gave the isolation of cDNA clones
that induced varying amounts of 9-O-acetylation. The nucleotide
Plasmids carrying the ST6Gal | and ST8Sia | were constructed sequencing of these inserts was determined in both directions as
reported previously (Shit al.,1996b). Stable expression of the described above.
same cDNAs were obtained by transfecting pcDNA3-based
constructs (containing tiieogene) into parental COS cells using
the Llpofectamlng reagent (BRL). Af_te_r 72 h, cells were passag%knowledgments
1:10 into selective medium containing 1mg/ml of geneticin
(G418; GIBCO Labs, Grand Island, NY). G418-resistant cellgVe thank Leland D. Powell and Steffen Thiel for helpful
were subcloned by limiting dilution, and levels and linkages ofliscussions, and for their comments on the manuscript. This
sialylation expressed by individual clones of cells were analyzetesearch was supported by Grant RO1-GM32373 to A.V. R.C.
Two clones named CGSp3 and COSST6Gal | were isolated was also supported by Postdoctoral Fellowship 96/0314—8 from
and used as target cells for expression cloning. Fundacéo de Amparo a Pesquisa do Estado de S&o Paulo, Brasil
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