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A blood group non-specific hemagglutinin which recognizes N-acetyl chitosaccharides was isolated
from the homogenate of cherry tomato (Lycopersion esculentwm var. Cherry), which showed the highest
hemagglutinating activity among genetically diverse 28 kinds of tomatoes, by conventional ion exchange
chromatographic techniques, and also by affinity chromatography on a chitin column. The purified cherry
tomato lectin (LEcA) was a hydroxyproline-rich single polypeptide glycoprotein (Mr 100,000), contain-
ing 50% carbohydrate moiety (94% L-arabinose and 4% D-galactose).

The carbohydrate—_binciing specificity of the purified lectin was studied by quantitative precipitation
and hapten inhibition assay. This lectin was highly specific to @ (1—4) -linked N-acetyl glucosaminyl
units. It strongly reacted with N-acetyl-chitobiose-BSA, but not with N-acetyl-glucosamine-BSA. The in-
teraction of LEcA with thyroglobulin on GLISA (glycoprotein-lectin immunosorbent assay) was inhibited
by N-acetyl-chitosaccharides, in order, [GleNAc]ls> [GleNAc]ls> [GleNAc]3>[GleNAcl,, having ap-
proximately 194-times, 32-times and 5-times greater potency, respectively, than [GleNAcls. The
periodate-oxidized and reduced derivative of [GlcNkAch and [GleNAc]s were also good inhibitors, which
showed similar inhibitory potency as the intact [GleNAc]ls and [GleNAc]s, respectively, strongly sug-
gesting that LEcA recognizes internal N-acetyl-chitosaccharide sequence.

Although, LEcA showed non-inhibitory activity for sugar-hydrolytic enzymes from animal digestive

tract, LEcA appeared to inhibit the active transport of sugar to some extent, on the epidermal membrane
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of rat small intestinal, as examined by using the everted sac. The histochemical study by immunostaining
using anti-LEcA antibodies visualized the localization of the lectin on the rat brush-border membrane.
This strongly suggested the cherry tomato lecfin can bind to either the intestinal epidermal cell surface
or the secreted glycoprotein which contain 8 (1—>4) -linked N-acetyl-glucosaminyl sugar chains although

it may not affect to the nutritional function.
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W& L7zo ELISA 7L — NIV 7 F DI & %2 BHEHE b DMy v X0 %3 — M L, LEcA %18
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A TEME % 7R L7z thyroglobulin (7°%) %Wz,

Fr—brv b L27F 2 (LEcA) OBESEWITTIREFNEICELCE, v FOSBR
B 7% VT, LEcA 2VNBHEITE AT 5 2 L 12 X 2HE LRI 51T B O Y A A Ik
THEE, BLUOLEA L 24 OWESMEROEMEE LRI Lz, £74, 7y MHLEIC
LEcA 2 {Efl S B DEEK~DV 7 7 DER 2 E§ 5728, 79 FH LEcA bk T vy, 2 Xk¥L
fR& LT FITCERIAEEZAWAZ LIZL - T, /MLt gLz, F2) - b LIF U
ORFEHBEAN OBIE D FFIC, 7R L7H LEcA 79 ¥k % AV 7 REHREIC & o TG 21T
v, BB L7,

BRbIUBE

RBUFF 33 BR I & 0 (5 S 72 28 DIERBIFE O H T, RO BVIMEREEFEEZAE LT =
J— b= b (Lycopersion esculentum var. Cherry) X O L7 F o %88z (Figl)o FzU—F< b -
L7 F v (LEcA) 1, % (40kg) &£ » PBS (10mM V) »EEfEMER ; pH 7.2, 0.15M NaCl) (2 THii L,
MM D080 % BRI LW 5> (27g) #18C, ML 27 F VD& Lz SREBRAT Y BIUHA 4+
D2EDAF W a< 257 4 — (DEAE-Sephadex A-50, CM-Sephadex C-50 column), I 7=
BEFURIBRLT BT 74274 — - 2UR T T AL TCL Y F Y 2L (Fig 2), B
BV 55 (Sephacryl S-300 column) 2L o CTHEL 75> (40mg) %1572 (Tablel)s 44 V%
W h, FF2-hTh WTNEAVLHEIERIIL ST 2BBIEPTRTH -7

LECA BBERXKBBLUOFZVAEBOVTRIZBWTHHE—~THY, 5T 2L SDS-PAGE T Mr=
130kDa, %)V %3 (Sephacryl $-300 column) T Mr=100,000 TH ) (Fig.3), INH5DT L L hEL
2FUH, INETTIKREESNTVWAERE I Mo L 25> (LEA) &id, B9MICIZR 25
HaEoZ LATRIE S N7z, LEcA If L-arabinose (Ara; 94%) & p-galactose (Gal; 4%) DO 54E
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Fig. 1. Comparison of hemagglutination activities in various kinds of tomatoes.
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Fig.2. Elution profile of cherry tomato lectin on CM-Sephadex C-50 column (A), and
Elution profile of LEcA from chitin affinity column (B). A: The protein from cherry tomato
extract which unbounded on DEAE-Sephadex A-50 was applied to the column and eluted
with 10mM phosphate buffer containing a linear gradient of 0 to 0.5M NaCl. Each fraction
was assayed for hemagglutination. Arrows indicate hemagglutinin activity. B: The 80%
ammonium sulfate precipitate fraction was applied to a chitin column. After unbound mate-
rial was eluted, the bound proteins were eluted with 10mM PBS containing 0.5M NaCl and
0.1M acidic acid. LEcA was desorbed with 20mM DAP.

Table 1. Purification of cherry tomato lection (LEcA)

Specific
Protein Total activity hemagglutination  Purified
activity
(mg) (units) (U/mg protein) (~fold)
Crude extract 27,000 5.13X10° 19 1
80% (NH,) 2S04 precipitate 5,920 9.54x10* 20 1
Purified LEcA 41 6.00%10* 3,400 178

*LEcA was purified by DEAE-Sephadex A-50, CM-Sephadex C-50 and Sephacryl S-300.

$H % #950% & A, hydroxyproline & serine {2& ¢r polypeptide > S A HERDHE Y L S0 HTHEH 2
EWGIr o7z (Table 2),

KL 7 F ORGSR ETMRE T 572012 H W72 GLISA (glycoprotein-lecctin immunosorbent
assay) (£, EROMIKEEMEERRLERREERL D SMET, »OBBEIZL 25V EHHEO
BRMLZWET DI LRI L 72 MERGEHERBROBRNL L, KL 7 F 2 58-(1-4) ¥E&D
N-acetyl-glucosamine (GleNAc) $HIZHFREMTH A Z EIXHLNIZSINT WA, E5IZLEA DY (1)
N-acetyl-chitobiose-BSA ({358 < #5835 2%, N-acetyl-glucosamine-BSA & idlT L ARG LA WT &,
(ii) F727 % @ thyroglobulin DFEFH & 1 IH AT HAS, 7 L HED thyroglobulin DFEEH & (& e L
kv, BEIREWHIRDE O/ (Fig. 4).

N-acetyl-chitosaccharides # W 72 &5 & BHE EER 2B W T (Table3), LEcA & 7 ¥ thyroglobulin
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Fig.3. Molecular weight of LEcA on SDS-PAGE (A) and gel filtration on a Sephacryl
S-300 HR column (B). A: Ten% SDS slab gel was used. Lines; line 1, in the presence of 5%
2-mercaptoethanol; line 2, in the absence of mercaptoethanol; line M, Mr reference proteins
myosin (200kDa), PB-galactosidase (116.25kDa), phosphorylase b (97.4kDa), bovine
serum albumin (66.2kDa), ovalbumin (45kDa), carbonic anhydrase (31kDa) trypsin in-
hibitor (21.5kDa) lysozyme (14.4kDa) and aprotinin (6.5kDa). The protein on the gel
was stained with Coomassie brilliant blue R-250. B: LEcA eluted from the column
(0.5%X110cm) was monitored by Agso. Imset, Molecular weight determination of native
LEcA by gel filtration. The molecular weight markers were myosin (200kDa), bovine serum
albumin (66kDa), ovalbumin (45kDa) and carbonic anhydrase (29kDa).

& DEA G [GleNAc]s > [GleNAcl, > [GleNAc] 3> [GleNAc]; DNEIZEA B UC, @ HE
BATBIENDh ol TDERNS, LEAD, INFTIZL MO TV5 GleNAcfEEHED
Griffonia simplicifolia 11 (GS-1I) 7 & &3 H3 0, HAEHALO GleNAc L0 b, HABEOR S (EGK
4-5 12 ) D B- (1—4) -GleNAc #5484  (N-acetyl-chitosaccharide) & ) W HAHEE D2 LAFEHS
Nizo 512 [GleNAcly B & O [GleNAcls DRI E L OIEE TR OERIL T I5M L7 4 ) THEREE
12 & 5 T LEcA DfEATHMED, NN [GleNAcly & [GleNAcl; ERIBEICHE ST & &
), LEcA 2 HESHMESHPIEOMIRE L FERE L O 2 LV AR 217,

2C, ARAELFH R AL RS E, Fo)— b= MEL 2 F Y (LEcA) DRI L THEME 5
BLAawD, EOFTTTRETLIEDNTIETH S, LhL, ThI TRVEREELREOYAFOL
TF RN, TOLIREFEHEOL 2T v OEFIIRIETHEEFWEEICE L TOFELVWAIRIEES R
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Table 2. Amino acid composition of Solanaceae lectins

Mol %

Amino acid Residue INT LEcA LEA*  STA** DSA***
Hyp 152.63 153 23.5 17.8 20.3 13.5
Gly 88.16 88 13.5 10.4 12.3 12.9
Glx 70.13 70 10.7 8.3 6.9 6.7
1/2 Cys 63.73 64 9.8 7.1 10.6 12.3.
Ser 52.71 53 8.1 141 12.6 12.9
Ala ' 36.53 37 5.7 2.5 4.1 3.9
Asx 29.45 29 4.4 5.0 4.9 6.7
Pro 22.32 22 3.4 11.6 6.9 6.2
Te 21.87 22 3.3 0.8 1.6 1.1
Thr 20.27 20 3.1 5.4 5.7 5.6
Leu 19.62 20 3.1 0.0 1.2 1.7
Val 16.34 16 2.5 0.0 0.4 5.6
Arg 15.69 16 2.5 2.5 1.2 2.8
Lys 12.60 13 2.0 4.6 3.7 1.7
Phe 8.86 9 1.4 0.0 0.4 1.1
Tyr 7.89 8 1.2 2.5 3.2 2.2
His 7.67 8 1.2 1.2 0.4 0.7
Met 3.95 4 0.0 2.9 0.4 0.7
Trp 0.00 0 3.3 3.2 1.7
Carbohydrate cont. 50 50 50 37

Ara 94 85 95 74

Gal (%) 4 15 5 14

E3

Data are from M. S. Nachbar et al.”

Data are from A. K. Allen et al.”
10)

* &

***Data are from N. N. Desai et al.
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Fig.4. Quantitative presipitation curves of LEcA with some glycoproteins in GLISA
(glycoprotein-lectin immunosorbent assay). Various amounts of glycoproteins were allowed
to react with 100ng of LEcA. (@), N,N'-acetyl-chitobiose-BSA; (O), N-acetyl-
glucosamine-BSA; (), thyroglobulin (porcine); ((J), thyroglobulin (bovine); (&), fetuin;
(&), asialofetuin; (@), mucin.

— 140 —


labo
長方形


[(MERBERHE F13% 1996]
T, 22T, BEBWICSETEARL Y F Y OEH%E T v FO/NBRIEYT » 7 % EFAVTRE L
Fro FOFEE, LEcA i3/MEHE LR MILIZB1T 5 glucose (3-O-methyl-glucose) D% & HFEREM
EF B EWSh o7z (Fig 5o 22T, TOL) RHYAKMEDIERBEL IR T L7720, THF
Vi LEcA HifE 2 AWVT, KL 2 F v 24 8872/ G B e i L, BIE L, TORR, LEA
LEERIICES T D LT Ve 8D glycoconjugate (E/ANEHTE E R OMBER, &5\ IR WIRIC,

Table 3. Hapten inhibition of three GlcNA-binding lectins by various sugars

Concentration Inhibitory potency
Hapten sugars for 50% inhibition LEcA WGA™ DSA**
-mM

N-acetyl-glucosamine 600 0.0005 0.0076 0.011
f8-Me-glucosamonoside 260 0.0012 0.009 13%, 40mM
N-acetyl-lactosamine 2.4 0.125 >0.047 1.67
N,N’-acetyl-chitobiose 0.3 1 1.0 1.0
N,N’,N"-acetyl-chitotriose 0.059 5.1 28.13 6.25
N,N',N”,N"-acetyl-chitotetraose 0.0094 31.9 34.62 11.11
N,N',N",N”,N" -acetyl-chitopentaose 0.00155 193.5 45.0 0%, 8mM
NaBH;-reduced chitobiose 16 0.019 0.09 0.57
NaBH4-reduced chitotriose 0.15 2 3.46 5.26
NaBHs4-reduced chitotetraose 0.015 20 32.46

NaBH4-reduced chitopentaose 0.0032 93.8

periodate oxidized and . 0.3 1 2.5

NaBHs-reduced chitotetraose
periodate oxidized and 0.017 17.6
NaBHg4-reduced chitopentaose

* Data are from L. J. Goldstein et al’V

**Data are from J. F. Crowly et a'?’
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Fig.5. Effect of cherry tomato extracts for 3-O-methyl-D-glucose transport activity on
rat small intestine. The everted sacs of rat small intestine were treated and non-treated
with the extract of cherry tomato fruit; (NHs)2SO4 0.8sat. fraction (5mg protein/ml). The
transport ratio of 3-O-methyl-p-glucose was estimated by HPLC.
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BIRIIZGAH LT B I EA D5 (Fig. 6)o —7, invitro DFEERT, LEcA HMEE LB D a-7 3
77—, BLUNGHRERIIBAET 5 EIMEEE (glucoamylase, sucrase, maltase 7z &) DiEE%
BE L2 o7z (Tabled)o SOOI &id, FRIBILFHLHMBIE 202 C, bv MIRMIREEED L
TFUPEINBIZOEDLST, ARLCHAERIST UCHEBERLRER L2V, F21)— b=
b L2 (LEcA) AU w ) BHERAO WML F 2100 — XA LTH Y, A REHkI ik
Gl TR 2nhreEZ LN,

Fig. 6. Immunofluorescence staining of LEcA in thin sections of rat small intestinal
epitheium. (A) and (B); Sections of rat small intestine were stained with anti-LEcA anti-
bodies using immunofluorescent technique, bars=500.m. (C); in the presence of 0.25M

[GleNAcl4. No fluoresence was observed, bar=>500xm. Arrows indicate immuno-stained
LEcA.

Table 4. Inhibition of enzyme activity of various @-glycosidases by LEcA and other plant lectins

Human saliva  Porcine pancreas Rat small intestine Asp. oryzae
Lectins
a-amylase glucoamylase sucrase maltase a-amylase
LEcA — — — — — 28
STA — — — — — 10
Con A 16.2 13 16.5 14 — 35
PHA 23.4 5 23.4 5.5 16.0 28
PCA-I 64 70 30 29 50

Con A=Canavalia ensiformis agglutinin
PHA =Phaseolus vulgaris agglutinin
PCA-1=Phaseolus coccineus agglutinin

STA =Solanum tuberosum (potato) agglutinin
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