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The ¢DNA coding for pre-peanut agglutinin (PN A} was isolated from a bacterial expression library, It codes for a polypeptide of 273 amino acids
composed of a hydrophobic signal peptide of 23 amino acids and a muiure protein of 250 amino acids. The sequence of the latter is identical to
that of native PNA, determined very recently by conventional methods, except that it contains 14 additional amine acids at the C-terminus, Bacierial
cells harboring a plasmiid with the prePNA-cDNA, produced 1wo PNA cross-reacling proteins: one migrated on SDS-PAGE identically with the
nalive leclin (apparent mol. wi. 31 kDu); the other, ul 35 kDa, was a ff-gulaciosidase pre-PNA fusion prowein, The farmer protein possessed an
N-terminal sequence identical to thut of the mature, nalive PNA, suggesting that il was processed [rom the 35 kDa prePNA precursor. Qnly the
31 kDa protein was exported into the bacteriul periplasmic space, and had the ahility to bind 10 galaetose-Sepharose. The solated processed protein
had the same hemagglutinuting ac’ivity s the native lectin, when assayed with sialidase-ireated human eryihrocyles. Like the native lectin, it
did not agglutinate the untreated gells, was not inhibited by N-geetylgalaclosamine, and was inhibited by Galgl »3GalNAc 30-times more strongly
than by galactose.

Expression: eDNA; Recombinant lectini Leader sequence

1. INTRODUCTION

Peanut agglutinin (PNA), the lectin from seeds of
Arachis hypogaea, is a carbohydrate-free protein com-
posed of four identical subunits of mol. wt. 27-28 kDa
(1,2] or 24-29 kDa [3]. Each subunit has an extended
binding site specific for galactosyl end groups, and pro-
nounced  preference for the  disaccharide
Galfl—-GalNAc {1,4-6]. This specificity allows for the
use of PNA to detect the T-antigen on erythrocytes [1],
and to separate mature and immature thymocytes of
mouse (7] and man [8]. A partial sequence of PNA has
been reported previously [9] and, while this work was
being completed, a sequence of 236 amino acids of the
lectin hus been established by conventional techniques
[10]. As expected, it shows extensive homology with the
sequences of other legume lectins,

Ini this paper we report the isolation and characterisa-
tion of a cDNA encoding prePNA and the expression
of the recombinant active lectin in Escherichia coli, de-
monstrating that the pregursor is processed by the bac-
teria and that only the processed form binds carbohy-
drate, Qur results provide a basis for studies of the
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combining site of the lectin, as well as of the factors that
control gene expression in plants.

2. MATERIALS AND METHODS

2.1. Muterials

Seeds of the “Shulumit’ variesy of Arachiis hypogace were collesled
during the months of April 1o June from planis grown at the Facully
of Agriculture {Hebrew University) and on the Weizmann [nslituie
campus, Native PNA {rom mature dry seeds of the above variety was
prepared in our laboratory {11, Qligo-d(T) cellulase was from Pharma-
cia. Restriction enzymes and DNA modilying enzymes were from
Amersham, Pharmacia and New England Biolabs. Predigested A Zap
11/EcaR] cloning kit and picoBlue immunodeteclion kit were Ifom
Stratagene. Rabbil polyclonal anti-PNA antiserum was a gilt from Dr.
Anlonie De Maio. Gosl anti-rabbit alkaline phosphatase conjugate
was from Biomakor (Rehovot} and Vibeie choferae sialidase was from
Behringwerke. DNA sequencing reagents and isopropyl §-n-(hioga-
laclopyranoside were irom US Biochemical Corp. Syntheiic oligonu-
cleotides were prepared by the Chemical Services of The Weizmann
Institute of Science, Sugars were from commercial sources, of the
highest purity avaitable.

2.2, Purificativn of pofy(A)* RNA

Seeds at mid-maturation (0.3-0.6 g wlL. each) were used for the
oreparation of membrane-bound polysomes, which served for Lhe
isolation of polysomal RNA, esseniially as previously described [11].
Poly(A)” RNA was obtained by aligo-d(T) celiulose chromatography
[12).

2.3, ¢cDNA cloning

Double-stiranded ¢DNA was prepared {rom poly(A)Y RNA, using
the Amersham ¢DNA synthesis system. The ¢cDNA produets were
preprared for cloning using standard procedures [13] and were ligated
(o the expression veclor A Zap, which is capable of zenerating fusion
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proteins with the Neterminal partion of S-galactosidase [14]. £ coli
XL1-Blue cells were used as the host strain for amplification and
sereening of the library with rabbit polyclonal aati-PNA anliserum,
using the immunoscreening kit from Stratagene, Positive clones were
further characterised by analysis of crude lysates using the anii-PNA
antiserun.

24. DNA sequence determination

DNA sequence analysis was carried out by the dideoxy chain-lermis
nation method [15}, using Sequenase according 1o the US Biochemical
Corp. protocol. Double-stranded Blueseript plasmid containing pre-
PNA-cDNA was used for sequencing of the coding strand in the
forwird direction. The rescued strand of the recombinant Blugscript
plasmid, which conlains the non-coding strand, was used for single
strand sequencing in the reverse direction. Analysis ol the sequences
of both strands il the prePNA-cDNA fragment was completed, using
synihetic oligonucleotides as primers, complementary 1o e coding
strand in posilions 79-93, 331-347 and 640-655, and Lo Qe non-
coding strand at positicns 899-914, 705-720 and 428-442,

4.5, Expression of recombinant prePNA-cDNA

E. cofi X1.1-Blue cells carrying the recombinant Blugeript plasmids
were used for expression of prePNA-cDNA as previously reportad
[16]. Cultures were induced by the addition of isopropyl J-p-thiogalue-
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Lopyranoside to 0.4 mM, and incubated at 25 ar 37°C, Cells were
collecled by centrifugation, suspended in 1 ml phosphate bufTered
saline (PBS; 10 mM KH.PO,, 0.04 M Na,HPQ,, 0.9% NaCl, pH 7.4)
and sonicated 10 x 20 s on mark 7 with a Branson B-12 sonicator, The
resulting crude lysale was centrifuged at 15,000 x ¢ for 15 min at 4°C;
both the pellet and the supernatant obiained were analysed by 12%
SDS-PAGE and immunoblotling,

To examined whether the leclin is secreted into the periplasmic
space, 10 ml cullures of bacleria were grown, induced as above, and
collected, followed by osmolie shock, For this purpose the cells were
washed with 0.2 vol, of 10 mM Tris-HC, pH 8, then treated with 0,05
vol. of 20% sucrose in 30 mM Tris-HC], pH 8, | mM EDTA, for 30
min on jee, followed by centrifugation (6,000 x g, 10 min). The super-
nutant was removed and the cells were osmotically shocked by adding
0.05 vol. of cold 0.5 mM MgCl, for 30 min on ice. The cell residue was
removed by centrifugation and the supernatant was analyzed by jm-
munoblotting.

To obtain larger quantities of the recombinant PNA (fPNA), trans.
formed cells carrying Uie recombinani Bluescript plasmid were grown
in 101 lermentors using the same conditions as for the small seale
expression experimant, with induction overnight at 25°C., The ceils
were Lhen collected, suspended in 100 ml of PBS. sonicated 10 % 1 min
and centrifuged a1 12,000 x g for 30 min,

1 aaccaatccttatcaaceticccacigease atg aad &¢a LIt tgt grt ttt ctt act ttd it cte ¢y eta 72
73 gea gca agt agt aag aag gtg gac tea gee gaa aca gtt toc CTC aas tte aac tet tLLe age gaa gga 2ac cee 147
Ala Glu Thr val Ser Fha Asn Phe Asn Ser Phe Ser Glu Gly Asa Pro
148 geca ata aat tic caa gyt gac grne act gtt CLt LeAa A&l gge 2at ata caa ote acg aac ot aac aag gta aa:s 222
Ala Ile Asn Fhe Gln Gly Asp Val Thr val Leu Ser Aan CGly Asn Ile Gln Leu Thr Asn Leu Asn Lys Val Aspn
223 age gt gge CgT gLt OLL LAl gCc atg ¢¢g gtg <¢y¢ att Tgy agc agt gec acc gge aat gte gec age tbe oto 287
Ser Val Cly Arg VYal Leu Tyr Ala Met Pre Val Arg Ile Trp Ser Ser Ala Thr Gly Asn Val Als Sar Phe Leu
288 ace Lo tio tet tie gag atg Aag gat atce daa gat tat gat ccl goc gac ggt atc ase tit the att gca ocg 372
Ihr Ser Phe Ser Phe Glu Met Lys Asp Ile Lys Asp Tyr Nsp Pre Ala Asp Gly Ile Ile Fhe Phe Ile Ala Pro
373 gaa gatr acg cag att ect goc gge agt att ggt ggt gga ace tta gge gto tet gasc ALt 28& 955 geg 9ot sas qa47
Glu Asp Thr Gln Ile Pro Ala Gly Ser Ile Gly Gly Gly Thr Leu Gly Val Ser Asp Thr Lys Gly Ala Gly His
448 tet gtt ¢ga agtg gag Lot gat ace tat tec aac &gt gag tac aac gat cca ¢cc act gat cac gtt gga att gat 522
Phe Val Gly Val Glu Phe hsp Thr Tyr Ser Asn Ser Glu Tyr Asn Asp Pro Pro Thr Asp His Val Gly Ile Asp
323 gta aat age gig gat $¢g gtg aag ael gtg ¢ca gy aat agt gtg age gga gea gtg gtg aaa gtg act gty ata £a7
Val Asn Ser Val Asp Ser Val Lys Thr val Pro Trp Asn Ser Val Ser Gly Ala val Val Lys val Thr val Ile
588 tat gac tet tca Aca aag aQa Ltg &9t gLt got gLty acce asc gac aat gge gat att acs ace att GOt ¢aa gttt 672
Tyr nsp Ser Ser Thr Lys Thr Leu Ser Val Ala val Thr Asn Asp Aan Gly Asp Ile Thr Thrt Ile hla Gln val
673 gut gat I1g aag Jcog aag oti ceg gag agg gte aag LT g5t thb Tob goe tuc gge tee ott gge ggt gt ecag 747
val Asp Leu Lys Ala Lys Leu Preo Glu Arg Val Lys Phe Cly Phe Ser Ala Ser Gly Ser Leu Gly Gly Arg Gln
748 ata eat LS ate &gt Leéa tgg Let ttc act tca acc tig ata aca aca acc aga aga age ate gac aat &ac gaa Be2
Ile His Leu Ile Arg Ser Trp Ser Phe Thr Ser Thr Leu Ile Thr Thr Thr Arg Azg Sar Ila Asp Asn Asn Glu
g23 aag aaa ala atg aat atg gea agt geoa tgatttggittctacgtacgetacctagtactititasagasagascagacctttgtgtgttar al2
Lys Lys Ile Met Asn Met Ala Ser Ala End
913 caactttgtttetttgtgtttszaattaggtigtatggitcaatatitccactaatecatggtctgacggttgacegttt aaakaaaataacaggtocagt 1011
1012 zttggraaaaa 1021

Fig. 1. The nucleolide sequence of (he prePNA-cDNA was determined by the dideoxy chain-termination method [15], using » double-stranded
plasmid, Bluescripl, as sequencing vehicle, The deduced amino acid sequence is below the nucleotide sequence; the leader sequence is underlined,
Bold underlined letlers in the DINA sequence show the polyadenylation signal.
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2.6. Purification of rPNA by affinity ehromatogiaphy

The supernatant (100 ml) of 4 crude baecierial lysale from a large
scale preparation was applied al room temparature to a column (4 ml)
ol Sepharose-bound galuctose [1] at a law rate of | columnn vol./h, The
column wis washed with PBS until no malerial absorbing at 280 nm
wis cetected in the effluent (CD,, < 0,05). The bound protein was
eluted with 0.2 M galaclose in PBS (1.5 ml/fraction), pooled, exlen-
sively dialyzed against water and concentraled in an Amicon untrafil-
tration stirred cell with a PM-10 membrane o approximately 0.5
mg/mil, estimated by absorption at 280 nm, Ak% = 7.7 ecm™' [1).

2.7. Hemaggluinating activity amd its inhibftion

Hemagglutinating activity in the absence or presence of sugars was
assayed according to the serial dilution methods in microtiter plates
as described, using sialidase-treated human type A erythrocytes [1].

2.8, N-Termine! sequence deterininutioin
‘The affinity-purified lectin (40 ug) was run in a 12% SDS-gel and
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electroblotied onto a pelyvinylidene difluoride membrane [17). The
band corresponding o the leetin was cutl out from the Coomassie
blue-stained membrane and sequenced on a gas-phase Applied Biosys-
lem automatie sequencer, model 475A.

3. RESULTS AND DISCUSSION

Studies on the regulation of expression of lectins in
legume seeds {e.g. of Eryithrina corallodendron (18], Dol-
icfros bifforus [19] and soybean [20]), demonstrated that
their messages begin to accumulate during mid-matura-
tion of the seeds, coinciding with the period of maximal
preduction of the lectin. We were able to confirm, by
Western blot analysis of extracts of peanut sceds, that
the lectin starts accumulating at about mid-maturation

1 14
PNA MKPECYFL TEFLLLABS. o SKKVD e S, .0 JAETY SEG
ECerl I e JVETI EPG
SBA HMATSKIXION V. VYSLSLIL TLVLVLLRSEANS, .. .AETV VPK
DBL MASS. e e TYSWVVL SIELLILTOALNS. ... ANIQ ..N
PSL 3 +++  TETT SPD
15 59
PNA NPAIN TVLSNGNIM TNLNK..,.. VNS VWSS
ECorl NDNLT LITQSGVL(M TKINQNGMPA WDS VIWDM
SEA QPNMI IVTSSGKL(M NKVDENGTPK PSS THEWD
DBL SPSFI TV.SSGRLM THKVKENGFPL REP I YDKF
BSL QOMLI Y. TTKEKLY TKAVENT... ... IHWD
0 108
15 F BNA srLTSll SFEMKDIKDY 1/EDTQIPA GSIG V...
ECorl SFETRE SFSIEQPYTR MORTKSK.PAQ ..G IFNN
SBA SFARSE NPTFYAPDTK IDTK.PQT .. LFNE
DBL SWATSfl TVKISAPSKA LNRVGSE.PRR ..M VEDS
10r PSL NEVTSE TFVINAPNSY 1 VDTK.PQT ..G VENS
[ ]
5 109 157
Q PNA SDTKGAGHFV vHVPRNSYS
2 5r ECorl SKQDNSYQTL IHEOPFQLDN
2 SBA N..ESGDQVV IHRTSHDLAN
o DBL DVYNNSAQTV THEVSHWDLAN
2oL PSL AEYDKTTQTV KSWKLON
S 2ot 158 201
s PNA CAVVRVTVEL. Y DSSTHYRSVA VTNDNG.... ..DITTIAQYV DLKAK
& ECorl GQVaNvv kY DASSKIRHAV LVYPSS.... .GAIYTIAEI DVEQ
@ SBA NEKVAKVL.JTY DASTSIMVAS LVYPS..... QRTSNILSDV DLKTS
e DEL Y NAATSIEVVS LVHPS..... RRTSYILSER DITNE
1 PSL NAATNYRTVS LTYPNSLEEE NVTSYTLSDV SLED
250
PHA SL.GGRQIHL I ITTTRRSIDN  NEKKIMNMASA
ECorl AQRDAAETHD VYR PETNDAVIPT  SNHNTFAI..
. SBA LDIR.GESHD V PHASSNIDPL  DLTSFVLHEARI
DBL LSEGYIETHD V. PDDSTA.EPL  DLARYLVRNVL
PSL BAEYA, ..AHE V SGTSSSKQAA DA........

Fig. 2. Compariscn of lhe amino acid sequences of the precursors ol several legume lecting specific for galactose (PNA, E. coralledendror: iectin
(ECorL) [18], Dalfiches bifforus lectin (DBL) [22] und soybean agplutinin (SBA) [23]) and mannose {(Pisum savitum lectin (PSL) {24]). Leader
sequences are underlined. The invariant residues are shadowed. Ainino acids involved in meial binding are marked with * [25]; those forming key
contacts with the bound sugar (galaclose or mannose) are marked with B [26], The numbering of the amino acids is for Lhe sequence of PNA.
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(approximately 15 days from the beginning of pod en-
largement). In vitro translation of mRNA from seeds at
this developmental stage demonstrated that it contained
lectin messages; thersfore, such seeds were used for the
construction of 8 cDNA library.

3.1. ¢DNA cloning

A cDNA library of 90,000 independent recombinants
was constructed in the vector 4 Zap [14). Screening of
the amplified library (1.6 x 10! plaque forming units/
ml) with rabbit polyclonal anti-PNA antiserum gave 17
immunopositive clones, the sizes of which varied be-
tween 1,000 to 1,200 bp. Cross-hybridization experi-
ments revealed that the clones are highly homolegous
and probably represent a single species of mRNA,

3.2, prePNA-cDNA sequencing

The complete nucleotide sequence of both DNA
strands [rom the insert present in clone C7 (pPNA7 in
brief} contains 1,021 nucleotides with a protein-coding
region of 819 nuclectides, beginning with an initiation
codon, ATG, at positions 31-33, and ending with a stop
cocon TGA, at positions 850-852 (Fig. 1). The fragment
has a 8’ non-coding region of 30 nucleotides, as well as
a 3’ non-coding region of 172 nucleotides before the
pely(A)* tail, containing one polyadenylation site,
AATAAA, at positions 992-997. It encodes a pre-pro-
tein of 273 amino acids consisting of a leader sequence
of 23 amino acids and a polypeptide of 250 amino acids,
the latter with a calculated mol. wt of 26,795 Da. The
reader is highly hydrophaobic, as expected, but differs
markedly in size and sequence from that of other leg-
ume lectins, in spite of the great similarity in the pri-
mary, secondary and tertiary structures of the latter
proteins (Fig. 2),

The sequence of the 230 amino acid polypeptide is
identical to the recently published, conventionally de-
rived, sequence of PNA [10], except for 14 additional
amino acids at the C-terminal end. Recent analysis of
the molecular size of mature PNA by mass spectrometry
(N.M. Young, private communication) revealed that it
consists of a major constituent of 236 amino acids (mol.
wt, 25,191 Da) with two minor constituents, one which
lacks a single amino acid at the C-terminus and another
with two extra residues, with a combined mol. wt. corre-
sponding to Ile™” and Asp®® of the ¢DNA-derived se-
qguence. These data, together with our eDNA-derived
seqquence, strongly suggest that prePMNA is proteoiyti-
cally processed at the C-terminus, in line with saveral
recent reports demonstrating that seed proteins are
processed during transport or after deposition in the
vacuoles [21].

Comparison of the PNA sequence with those of E,
corallodendron lectin, soybean agglutinin, and Doliclios
biflorus lectin (all specific for gatactose and/or N-ace-
tylgalactosamine), and pea lectin (specific for mannose
and glucose), shows 34 invariant positions (Fig. 2).
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They include Glu'', Asp', Asn'?” and His'*?, which
correspond to residues originally identified in concana-
valin A [25] as ligands of the Ca** and Mn** required
for activity of legume lectins, Similarly, several of the
amino acids comprising the hydrophoebic cavity of Jeg-
ume lectins, e.g. Phe®”, Val?*®?, and Phe** [25], are invar-
iant, as are those involved in carbohydrate binding
(Ala®, Asp™, Gly'™ and Asn'"). These results indicate
that PNA probably has a similar tertiary structure as
well. The conservation of this basic structure among
legume lectins suggests an important physiological role
in nawure, which has yet to be determined.

3.3. Expressicn of PNA in E. coli: purification and char-
acterisation of rPNA

Western blot analysis of soluble and insoluble frac-
tions from the bacterial lysates containing pPNA7, in-
duced at 25 or 37°C, demenstrated the presence of two
major immunoreactive proteins, one migrating in the
region of 35 kDa, and another migrating in the region
of 31 kDa. The latier was also present in the periplasmic
space fraction (Fig. 3). Other minor cross-reactive pro-
teins probably represent degradation products of the 35
and 31 kDa proteins, The material purified from large
scale crude cell lysates by affinity chromatography on
immobilized galactose gave, on SDS-PAGE, a single
band migrating at a rate close to that of the native lectin,
with an apparent mol. wt. of 31 kDa (Fig. 4, lanes Al
ancd B2), a value higher than the mol. wt. reported in the
literature for the PNA subunit, or the valuoe calculated
by us (26,795 Da). Typically, 0.3 mg of affinity-purified
active ’PNA (measured by OD,;,) was abtained per liter
of culture,

The minimal hemagglutinating activity of this puri-
fied protein (rPNA), when tested with sialidase-treated
human erythrocytes, was 0.25 yg/ml, the same as found
with the native lectin; the untreated erythrocytes were
not agglutinated by either lectin at 100 ug/ml. Both the
recombinant and native lectins are equally susceptible
to inhibition by galactose (minimal inhibitory concen-

1 2 3 4 5
30 kDa — W - P e omwn

Fig. 3. Western blot analysis of extracts of E. colf XLI1-Blue cells
carrving pPNA7. Crude lysates from bacteria carrying pPNA7 were
size {ractionated on 12% SDS-PAGE and transierred to nitrocellulose
membrane, Blots were probed with polyeclonal rabbit anti-PNA antis-
erurn raised against the native leetin. Lanes | and 2, XL1-Blue cells
with pPNA7T induced at 25 and 37°C, respectively;, lanes 3 and 4,
fractions (rom the periplasmic space of XL1-Blue cells induced at 23
and 37°C, respectivelys lane 5, nalive PNA,
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1 2 3 4 kDa 1 2 3 4
o4 o
- =g | =46 kDa
- — 43
- T gm —3) g
l .\ = 30 kD2
o v =—215KD
A B

Fig. 4, Isolation of rPNA from E. coli. Protein sampies were analysed
on 12% SDS-PAGE and stained ¢ither with Coomassie brilliant blue
{A) or transferred 1o nitrocellulose membrane and prabed with poly-
clonal rabbit anti-PNA antiserum raised agains| the native lectin (B).
Lanes Al and B2, rPNA purified by galactose-Sepharose alfinity
chromatography; langs A2 and B3, cell lysate of XL-1-Blue cells con-
wining pPPNA7 induced at 25°C; lanes A3 and BI, native PNA; lane
A4, mol. wi. markers in kDa (Pharmacia): phosphorylase 4, 94,000,
boving serum albumin, 67,000; ovalbumin, 43,000; carbonic anhy-
drase, 30,000; soybean trypsin inhibitor, 20,100; bovine x-laclalbu-
min, 14,400, Lane B4, Rainbow prolein mel. wt. markers in kDa
(Amersham); ovalbumin, 46,000; carbonic anhydrase, 30,000; trypsin
inhibitor, 21,500,

tration 6 mM), and particularly by Gal#1—-3GalNAc
and its glycosides (Gal81—3GalNAca-O-o-nitrophenyl
and Galf1—3GalNAca-O(CH.);COOCH,), which are
about 30-times more inhibitory than galactose. Man-
nose and N-acetylgalactosamine at 200 mM were not
inhibitory for either lectin. The hemagglutination stud-
ies prove that IPNA is functionally equivalent to native
PNA.

A single N-terminai sequence, Ala-Glu-Thr-Val-Ser-
Phe-Asn-Phe-Asn-Ser-Phe-Ser, was found in rPNA,
identical to that of the native lectin [10].

The finding that the 35 kDa band present in crude
lysates was not detected in the affinity purified material,
either in Coomassie Blue staining or by immunoblot-
ting, suggests that the 31 kDa lectin, but not the 35 kDa
form, is active.

The 35 kDa protein probably represents a fusion pro-
tein consisting of the pre-lectin (273 amino acids, calcu-
lated mol. wt. 29,368 Da) and of a f-galactosidase por-
tion of ~5.1 kDa, The 31 kDa protein represents the
mature protein, as is shown by the N-terminal sequence.
These data suggest that the pre-lectin is processed into
a mature form in the E. coli system. It has indeed been
demonsirated that cukaryotic signal peptides can be
recognized in prokaryotes [27].

This is the first report clearly demonstrating that the
leader sequence of a plant (legume) lectin can be re-
moved correctly by E. coli. Several lectins have been
expressed in E. coli [16,28-30] but their cDNAs were
usually devoid of the regions coding for the signal pep-
tide.

FEBS LETTERS

July 1992

Acknowledgements: We thank Dr. N\M. Young for permission to
inelude unpublished duta on the mol. wi. of native PNA, Dr. Halina
Lis for her helpful suggestions, Mrs. Hedva Latier for her technical
help and Mrs. Dvorah Ochert for editorial assistance. This work was
supported by Grant 1-1636-89 from BARD, and by tiie Leo & Julia
Forehheimer Center [or Molecular Geneties at The Weizmaan Insti-
tute of Science.

REFERENCES

[1] Letan, R., Skutelsky, E., Danon, D. and Sharon, N. (1975} J.
Biol. Chem. 250, 8518-8523.

[2] Terado, T., Imura, T. and Osawa, T. (1975) Hoppe-Seyler’s Z.
Physiol, Chem. 356, 1685-1692,

[3] Fish, W.W,, Hamlin, L.M, and Miller, R.L. (1978} Arch. Bio-
chem. Biophys. 190, 693-698,

[4] Pereira, M.E.A., Kabat, E.A,, Lotan, R. and Sharon, N. (1976}
Carbohydr, Res. 51, 107-118.

[5] De Boeck, H., Matla, K.L., Claeyssens, M., Sharon, N. and
Loontiens, F.G. (1983) Eur. 1. Biochem. 131, 453-460.

6] Swamy, M.J.. Gupta, D., Mahanta, S.K. and Surolia, A. (1991)
Carbohydr, Res. 213, 59-67.

[7] Reisaer, Y., Linker-Israeli, M. and Sharon, N. (1976} Cell. Im-
munol. 25, [28-134.

(8] Reisner, Y., Biniaminov, M., Rosenthal, E., Sharen, N. and
Ramot, B. (1979) Proc, Natl. Acad. Seci. USA 76, 447-451.

[9] Lauwereys, M., Foriers. A.. Sharon, N, and Strosberg, A.D.
(1985) FEBS Letl, 181, 241-244,

[10] Young, N.M.,, Johnslon, R.A.Z, and Watson, D.C. (1991} Eur.
J. Biochem. 196, 631-637.

i11] Larkins, B.A. (1981} Biechem. Plants 6, 449-489.

[12] Aviv, H. and Leder, P. {1972) Proc. Natl. Acad. Sci. USA 69,
14081412,

[13] Ausubel, F.M., Brent, R., Kingston, R.E., Moore, D.D.,
Seidman, J.G. and Struhl, K. (1988) Current Protocols in Molec-
ular Biology, Ch. 8, sestions 5.2-6,7, Greene Publishing Associ-
ates and Wiley-Interscience, New Yark.

[14] Short, J.M., Fernandez, J.M.,, Sorge. J.A. and Huse, W.[J. (1988)
Nucleic Acids Res. 16, 7583-7600.

[15] Sanger, F., Nicklen, S, and Coulson, A.R. (1977) Prec. Nall,
Acad, Sci. USA 74, 54633467,

[16] Arango, R., Adur, R., Rozenblall, 8, and Sharen, N.{1992) Eur.
J, Biochem. 205, 575-581,

[17] Maisudaira, P. (1987} J. Biol. Chem. 262, 10035-10038.

(18] Arango, R., Rozenblatt, S. und Sharon, N. (19290) FEBS Leir.
264, 109-111.

[19] Talbot, C.F. and Etzler, M.E, (1978} Plant Physiol. 61, 847-850.

[20] Goldberg, R.B., Hosclick, G., Tam, S H., Dilla, G.S. and Brei-
denbach, R.W. (1981) Dev, Biol, 83, 201-217.

[21] Chrispeels, M.J. and Raikhel, N.¥. (1992) Cell 68, 613-6106.

[22] Schuell, D.J. and Eizler, M.E. (1987} ). Biol. Chem. 262, 7220
7235,

[23] Vadkin, L.O., Rhodes, P.R. and Goldberg, R.B. (1983) Cell 34,
1023-1031.

[24] Higgins, T.J.V., Chandler. P.M.. Zurawski, G., Bullon, S.C. and
Spencer, D. (1983} ). Biol. Chem. 258, 9544-9549.

125) Sharon, M. and Lis, H. {19%0) FASEB J. 4, 3198-3208.

[26] Shaanan, B., Lis, H. and Sharcn, N. (1991) Science 254, B862-866.

{27] Rives, V., Ramisch, K., Giner, A., Dobberstein, B. and Toller-
vey, D, (1990) Cell 63, 591600,

[28] Stubbs, M.E., Carver, P.J. and Dunn, R.J. {1936} 1. Biol. Chem.
261, 61416144,

[29] Prasthofer, T., Phillips, S.R.. Suddath, F.L. and Engler. J.A.
(1989) J. Biol. Chem. 264, 6793-6796,

[30] Hoffman. L.M. and Donaldson, D.13, (1987} Bio/Technology 3.
157160,

189



