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The lectin was purified through 0.15 M NaCl extraction, ammonium sulfate precipitation, sepharose 4B affinity chromatography
and gel filtration using sephadex G-150 from the leaves of Visum album collected in Mt. Duk Yu. The final gel filtration step
resulted in 11.64 folds purification with 0.14% of recovery yield. We also performed biochemical characterization of the
purified Visum album lectin. HPLC analysis of lectin purified by gel filtration revealed a single peak. The analysis of the
purified lectin by SDS-PAGE showed a tetramer composed of two identical subunits with molecular weights of 32 and 30
kDa. The lectin was a glycoprotein containing 14.4% carbohydrate, which consist of glucose, fructose, arabinose and xylose,
and the amino acids such as phenylalanine, lysine and tyrosine. The purified lectin agglutinated human red blood cell types
with similar potency, but when tested against red blood cells from mouse, bovine, rabbit, chicken and porcine, significant
difference in potency were observed. Hemaggluting activity was inhibited by D-galactose, D-mannose, D-lactose and
D-raffinose, but not by D-glucose, D-glucosamine, D-mannosamine, L-fructose, D-xylose, D-arabinose, D-galacturonic acid,
D-fructose, L-rhamnose and N-acetyl-D-galactosamine. The optimal pH and thermal stability of the purified lectin were pH

4.0-7.0 and 20-50°C, respectively.
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A3z, AZHY B4, AZTAEE, HEeE, AXss, AF
Abo] TheFRE %d 59 A#AAE 3] TS w=ul(12),
lectin®) /‘1] FHe go] AFs T AEY T 7% ¥}
£ 71AL 1 Qe Ao WRE HAgEo] Axe Aol
4 % *gﬂ"i};ﬂ HES dojubA TK13). FAATAAE
FEAE] E4tE0] Qe WhE HAAAEE 84 Bt MR
Ag= o] AE&He] dojur] 455 wWdgdri(14).

R AEA lectin® PYEZTY thymus &4 AT
T-cellhg A58t OhE F79 thymus H19E] FZFE B
cello] #3j4 28L& zh=rk15, 16). Concanavalin A= 3}&-3to|
eyl A9 FAZNE A AIFBYAA giielE A%
tH17).

Lectin®  Trichoderma viride THAMS] FA5-9} 1AL R Eo)
Aoz A3l AL AL AsNEI, Aspergillus ochraceus]
g TAPIA N—acetylglucosamima = galactoseA incorprationg- A
STH(18). Lectind o]Qol= Qadfit 84, 54T &9
Hol, A wolg4, °§°§%3—J° -r’\ 2 A%, 494 F9
2o AT FA4S 7R Yom(19), o]F o]&dte Ada
g Hofol ApolAM F2% =72 AMEHT ok

B Ao ARRS AAo|(Viscum album)e 7)WAEE o}
zZ}, G4, oot 5 A AAFeR Q] HxEn, g 2
Q%Z}ﬂgi ol-gx o] $ith20-22). i E TtawA U}
%7]—‘5 A%, 18, A%, 54, 9As 5o SAZ AMES)
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3l Aol (Viscum album)9] %
2 718 (10-129)) AHF %, =4

A% AHEAAT.

Lectine| 2| 3 A
1. Crude extract
FEWHL Ziska(23) 59 WS WE3)
Aol ¢ 100 g& AAALE ARESHY 4% ¥ 700 mLe
0.15 M NaCl& 7}ated Aleo)x 347 Eob mubel o 472
cheesecloth®} 1732] miracloth2 333 £9-8 6000 g= 30&7t
AR EI] AF5HO crude extractE Aok

2. (NH):S04 8

Crude extractd]] 60%9 =%
sl 2431 31112
HAEL 015 M NaClo| b 2a)8}aL 4CelA] 24417 E48
%, WUFE AZFAA crude lecting A3ATH

=7 HA (NH:):80:2 M5 7}
210,000 goll A 3087 AR

3. Affinity chromatography
Errson5(24)9] W02, crude lecting 0.15 M NaCl& 3§
X171 sepharose 4B column(2.5%30 cm)d] FU3}d 280 nmolA]
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4. Gel filteration

A BN AJ8E 015 M NaClol H3A)7] sephadex
G-150 column (2.8x60 cm)o] FYdk 0.15 M NaCl(pH 7.0)&
AHEEH 015 mLmin®] f402 7+ £ 3 mLAS A)HA
ok Lectin®] 84o] gl £8& o} FAsw Wi dzsidt
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Lectin®] ¢E& AA3l1A HPLCE ARE-8+9t) 0.1% tifluoro
acetic acid(pH 2.2)Z H¥AZ] hi-pore reversed phase column
(Bio-rad, C18, RP-318, 250 mm X 4.6 mm)°)| lecting F¢J3e] 1
mL/min®] F&£07 Beslgon, FF8H 02X europian mis-
tletoe lecting Al-3+¢] retention time-2 B| w3}t

sxjg 55

&4 lectin®] A} Ao+ 0.5 M NaCl(pH7.0)2 H3A]
7} sephadex G-150 column (2.0%x80 cm)E ©]&3+ Andrews(25)
S o83t BARE i) Y E2FE w¥FEAMe
B -amylase (200,000), alcohol dehydrogenase (150,000), bovine
serum albumin (66,000), carbonic anhydrogenase (29,000), cyto-
chrome C (12,400)2 A}-2-3}4t}

SDS-PAGE

Weber?} Osborn(26) HHHe] uwie} 12.5% SDS- polyacrylamlde
gels AMESIATE Gel B 20 mASiA] 14A7E A7195E &
coomassie brilliant blue R-2502.2 HA3}al acetic acidZ &M
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gl B2 Bochardt®} Piper(27), Bochardi®} Easty(28)
4 Vidal 7 Colom(29)9] W] mhe} gas chromatography(Shimadzu,
GC-14A, 190 cmx0.4 cm column)3}tH3th.

ol At A

T AAE lecting Simpson 5(30)2] el wig} 6 N HCI
2 7Rl A7 &, 02 M sodium citrate (pH 2.2)ol] o)1 3
N NaOHZ %33} -2 amino acid analyzerZ ARE3}le] obw)i:
AL EAskilh

Yy S8 A™

AYF $AE A¥(haemagglutinating activity)-& Takatsy(31)<]
WHE W3AA 4k 001 M phosphate buffered saline (pH
6.8)2} AAY lecting 2-fold serial dilution method® A& 34
3 3, AAAAFE AHS 2% AETEYE et HbgARl
F, HET7e 3 oRE d@vF (100X) ARgdte] et
th Lecting] #4& d7 A ¥ Uells A 34 w9
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slck olml ARE-E 0.02% lectin® HE A H¢e 8o HE
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dha AY7 e B sl oz ehict

ELsl2 Sold AY

Allen 5(32)9] "W wel @58lE So]4& 43S
100 mM F%¢] ¥4=3}1E(D-lactose, D-galactose, D-mannose, D-
glucose, D-glucosamine, D-mannosamine, D-fructose, D-xylose,
D-arabinose, D-galacturonic acid, D-fructose, D-thamnose, N-acetyl-
D-galactosamine) 298 2-fold serial dilution method .2 3|43}
0, A8 78S M lectin $93 2% FEF EHdEs
7htith HolAde lectind] 93 3§ S A Ha
FEE Y ez el

pHe} o ob8 Y

pHH3lo| W& lectin®] E4E ZAlSH7] S8]A pH 2-10 A}
of FFHE AREEt 4TolA 4417 BAAIZ &, A&Eshe A
WA lectin F45& AT

AHEE AENL glycine-HCl buffer (pH 2.2), acetate buffer
(pH 3.2), phthalate-sodium hydroxide buffer (pH 4.21), phosphate
buffer (pH 6.0, 7.0), barbital buffer (pH 8.0, 9.0), sodium
carbonate-bicarbonate buffer (pH. 10)o|t}.

Hobgde ZABIZ] S8l 10T-70T Alo] 25004 108 2
3087 XS &, Y &3] S o83ty Eshe Al
Z 2l lectin®] §A5E FAEI:

Lectine| 2a|, HAd Y == AA
ASHole 525 84 TN 35 gon Aag
FHAL o FL s 7IMAEEAME3), Azl giE A

9% ERE e 3UEL ETHT S U ohjy S4E
F& BUEE ZYH Qo ool mE APAelE BT

okg o2 o &E 1 rk34).

AfAtolel AR lecting FHAHL YwbHo=F sl
buffer, methanol Z-& ethanol 5 7]-80j & o]&3l &1,
ol8A YL crude lecting (NHe)S0,Z o] 83le] HAA &
ion exchange chromatography, absorbant chromatography, affinity
chromatography, gel filtration % electrophoresis 59 ¢]3} A
s, B A7) Me sepharoseo] H-2F D-galactosed]] lectino]
Eolzog ZAYsl= acid-treated sepharose 4B affinity chroma

Table 1. Purification of Viscum album lectin.
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Figure 1. HPLC chromatogram of lectin purified by gel filtration (1) and
standard lectin (2) on hi-pore reversed phase column.

tography £(24) HE3te AAetAT. A AA DA peako A
78R whgo] vebgted, ol lecting FE3] FFA71A]
315 7] WEo]t}. Sepharose 4B affinity chromatography %2}
gAA oAl AL peak F band7}t VHERETE wEbA o] 2 A
3}1LA} sephadex G-150 gel filtrationZ 3+ &, £EF 7HA3}7]
28 HPLCE 3ttt AA dAle] A5l EE899] retention
timeg 3} lecting] 9IS s A, ok A WA
9l gel filtrationo]] A 9] retention time-& 16.92Z 4 ol FF-&9
¢] europian mistoletoe lectin®] retention time 16.913} Ux|3}¢ith
(Figure 1). =8 H7|YFOZMT lectine] #5814 £HHAS
& AT AA), Wistaria lectin| ME A71FF0 &3
single protein band®] ZEAjo] 93] &5 & <13} ok32).
A$Ao] JoBE 015 M NaClZ 3&3 crude extracto]
(NH);S0; £8-8 90%71A] thFsiA A7) t-ev 0~60% &
oA 7 e 48 BHEen 60~90%AXEe & #Est
QAT 71A). Crude extracto] A 2492.8 mgo]FH o), crude
extractE 7]F O 2 (NH):S0s B8 179 AAHA L g4
&L 13.73%°]9c}. Sepharose 4B affinity chromatographyo) <]
A sesue) Ao 086%9 H4-8¢ HYTh HAEFHoz
sephadex G-150 gel filtration2 ©|-§3to] AA S A3}, 3.57 mg
o AL HE3L F lectin® 85.6%0] I Eu], sunn
hemp seed lectin®] 25 mg(24)7} FHAF lectin®] 40 mg(23)3}+= >}
o7} gith BAL 1,600 wnitZA] 4483 units/mge] HIEAL e}
Jom, YA&3} 35 1164819} 0.14%0) Y THTable 1).

sixjat

Lectin®] Ex}ze thrhd] thokdled wheat germ agglutinin-g
26,000, lima bean lectin® 269,000, horseshoe crab lectin
400,0000.2 FAFTH35). T3 FYT lecting] A9tz M2

Steps Total protein activity* (mg)  Total activity* (units) Specific activity (units/mg) Purification (fold) Yield (%)
Crude extract 2492.8 96000 38.51 1 100
(NHq),S0; fraction 342.26 22400 65.5 1.7 13.73
Sepharose 4B 21.53 7200 3343 8.68 - 086
Sephadex G-150 357 1600 448.3 11.64 0.14

’Activity is expressed as an inverse of the maximum dilution of hemagglutinating activity in blood red cell O type.
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Figure 2. 12.5% SDS-polyacrylamide gel electrophoresis of Viscum album
lectin. The gels were run at 20 mA for 14 h and stained with
Coomassie brilliant blue R 250. Arrows indicate lectin purified by
sephadex G-150 gel filtration. Lane A, markes; lane B, crude lectin; Lane
C, purified Viscum album lectin. The molecular weight markers were
phosphorylase b (94,000), bovine serum albumin (67,000), ovalbumin
(43,000), carbonic anhydrase (30,000), soybean trypsin inhitor (20,000), -
lactalbumin (14,000).
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Figure 3. Determination of molecular weight of Viscum album lectin on
SDS-polyacrylamide gel electrophoresis. Closed black circles (@) indicate
lectin purified by sephadex G-150 gel filtration. The molecular weight
markers were phosphorylase b (A, 94,000), bovine serum albumin (B,
67,000), ovalbumin (C, 43,000), carbonic anhydrase (D, 30,000), soybean
trypsin inhitor (E, 20,000), a-lactalbumin (F, 14,000).

& k& 26 concanavalin AE 55000004 100,000742] ©F
F3ITH36). & A3 ol Msephadex G-150 gel filtration® 2 AojA
7 $-ako] lectin®] % BAEE 124,000 A A2 1150009 &
HAF mistletoe lectindl] w13} k7l Zgrth23).

Ol F-5 lectin®] subunitt= monomero] AL} dimerZ A3 0
o, SDSEA 3tol A vt Aot £ AP A e5EE
lecting 0.1% SDSE T334 12.5% PAGE] <3 270¢] band
2 Yo viFgre 2), 249 bande) et Zzte] RAZE 24
3 A7, Z+zh 32,000 2 30,000 EAFL zt= 2XF-9] subunit
2 FAE tetramerZ o] Fo]A &S & 4 SUXHFigure 3).
B Ay Aol lecting 50003 18,0002] garden pea lectin,
6,0003} 18,0008} lentil lectin, Zz)x 34,0008 29,000(23),

gl

START

Figure 4. Gas chromatogram of carbohydrate of Viscum album lectin. A,
arabinose, B, fructose, C, xylose, D, glucose, E, myo-inositol, (standard
material).

34,5007} 29,00037)9] FHAF A9-ato] lectin= 2Ho]7} g0
1}, concanavalin A9} soybean agglutinin®] tetramer2} gt}

g Fe] EAShe lectin® A2 2HEA ARH isolectin®
2 EA3}. Soybean] ¢ F Q. soybean agglutinin 2Jo) & 3 EF
o] AFdog dd &3 Aol EAsh} o8 3 FFY lectin
BT GO RA 00000F oAt 9 B4sE 240
AZ H|S3}TH(38). Wheat germ agglutinin® N-acetylglucosamine]]
sl EolFelth39). ol H lectin® MZE FARE groupo] EA)
st o]59 AESH 4 2 x5 EXo] A tdaEn
2 isolectin®® EEA =t} %3F common pokewood ¢!
phytolacca americanaZ5-E] 5 2579 lecting AYPe), ol &
A} E9e desle SN B tv 84 2% ge
tH40). o= o8] 744 WS 58 O lectino 2 RE A5
A B3 §2E Al Sl AARE] 2RHL Uck
Locust treeo] 7]A31= 44t mistletoed] A E2]3}F lectinol] A 3
F79 subtypes £ st U4, E AFdME 02 dH9
isolectin® WAT 4+ UUTh

Elesis B4

A4bo] lecting FRUAZA(3T), BF3E FEFER JZ 06
mgl 2 EFHY 144%E ARASF=dAA), o= indian
strawberty lectin®] 3%l H]3] 1L potato lectin®] 50%0)] HsA=
HA8] HEoko1(33), FPA Aol lecting) 10.1%(23) 2 11%
BN FAKsIE fPAl A4 o] lectin® 1.4%9] glucose, 6.2%
9 mannose, 2.1%2] N-acetyl-D-glucosamine© 2 FA®H @y
(37, B Aol AAD lectin®] 7 ZAL glucose 45.19%,
fructose 38.48%, arabinose 142% % xylose 5.13%E H73tn

ATHFigure 4).

ol At E4Y

T E-E-9] lectin® aspartic acid, serine, threonineo] A o}n|
Aol 30% o) AAEH, 3 T obmde Ao EAF
oH10). B A7 ALao] lectin® AT o] 85.6%2A,
phenylalanine, lysine, tyrosine, aspartic acid”} Had ZXR3IH0
L} alanine, arginine, isoleucinee Aoz AZTF =Yt
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Table 2. Amino acid composition in Viscum album lectin.

Amino Acid Content(%)
Alanine 1.657
Cystine 4.436
Aspartic acid 6.938
Glutamic acid 5.827
Phenylalanine 18.465
Glycine 3.000
Histidine 5.329
Isoleucine 2.462
Lysine 15.369
Leucine 3232
Methionine 0.994
Proline 3.295
Arginine 2.059
Serine 4372
Threonine 3316
Valine 3514
Tyrosine 10.640
Ammonia 4.751

Table 3. Hemagglutinating activity of red blood cell by Viscum album
lectin.

Red blood cell Residual activity(%) *
Human
A . 25
AB 25
B 25
0 25
Animal
Mouse 100
Bovine 3.125
Rabbit 50
Chicken 125
Porcine 25

"Residual activity was taken as 100 in 2% mouse red blood cell with lectin s

olution.

(Table 2). &3] & & ofu]=4k] methionine W|HF2 2 &)
8l 0.1, cystine& wheat germ, potato, pokeweed lectin(38)o)| A
ot we) 2oz EAR.

ogo| Sojy

Lectin 249 292 43783 98, 9% 2 B 9%
o 93 AsAdRE 2ARICEA 7lE3lth. HemagglutinationS
A4 AEE & gz HETE ARSt] FQlgith guky
Q1 A|xo) W3l trypsing ¥ 33} proteolytic enzymeo|L}
neuramidase S o] &3} digestiono] &3], o]EL2 A X &4
& FA g1 AESH ¥eE YIREHA YoBE gl o
Brh42). 7P bl E7ER whg S serial dilution™
o= end point= &F photometry v HU|A dlojrM A=
4 9o, I 9% fragiligraph ¥ aggregometorE o] 83l
PFsath Leeting A9 % 504 BRI bean, pea,
lentil, vetch lecting A}, E7|, o, @59 HEF} vhgA] A
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Table 4. Hemagglutinating inhibition test by various carbohydrates in
Visum album lectin.

Carbohydrates Minimum carbohydrates concentration (mM)*
D-glucose >100
D-glucosamine >100
D-galactose 50
D-galactosamine >100
D-mannose 25
D-mannosamine >100
L-fructose >100
D-lactose 125
D-xylose >100
D-arabinose >100
D-galacturonic acid >100
D-raffinose 25
D-fructose >100
L-rhamnose >100
N-acetyl-D-galactosamine >100

* Carbohydrate specificity test was performed with 25 uf Viscum album lectin
and 25 £ of 2% human erythrocyte suspension. Using an initial concentration of
100 mM, each carbohydrate was tested 2-fold serial dilution.

2 g2 9784 $se YEato).

B A% A8 lecting] B4 Z4olE 34 AYTE o)
gom 2-fold serial dilution HOZ(43) $FARE S¢lo g
A4E F A6 oA 9% FASGT Aol 7
84 WL Lectind} 7 Yool $AAL 10002 Fw A
%o A, AB, B 2 0 8145} 44 $e 252 AF 3
48 ol Aol g HolA ohslglom, 29 $RHE 3125

A F8 gAY Zol4d AR AFlE a-N-acetyl-
galactosamine, BT ¢-galactose, OF = a-L-fructose’} &
o|Fo|t}. o|HF dAYe| tha] Eo]F Ee HIEo|HQ lectin
9] 44& o83l vgR, dEEE 2 3AA 59 5%, &

2 2 S4ATO) ASHT UTHIO).

El+3lE9 So0|y

Lectin®] &3lE Eoj4e F 33 A% o3 ZAY
=4, 47] 4& g53ES o83ty lectind 93 U}FF T2
g S Adete vEE SHFeEN & <
AefA e o8 lecting BFHY 4 dom EF & A FHo
Ae 2te By lectin 3-& isolectin® EA}8}0, o] 744 &
ol A Sl S e Y lecting TEE F2 SITH44).

Lectin®] Zt& BHpglE S0l A% F 15 39 &8E &
D-actose, D-galactose, D-mannose @ D-raffinose2] 4 Z5Fo|A 27
2380 oAFgor), D-glucose, D-glucosamine, D-galactosamine,
D-mannosamine, L-fructose, D-xylose, D-arabinose, D-galacturonic acid,
D-fructose, D-rhamnose, N-acetyl-D-galactosamine®] 100 mM ©]
4 = tiEidE ojmdt FolHE BolA| ohd}rhTable 4).

Gorse A+ 2 7} lectin & 3l N-acetylglucosamineo]] £-0] 2]
ol & tE = g -Lfructosed)) So|Z o™, B simplicifoliac] A
Ba]9 lectin® N-acetylglucosamine®} ¢ -galactosides]], lentil¥} fava

&
X9,
s}
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Figure 5. The pH stability of Viscum album lectin. Purified lectin was

dialyse in different pH for 4 hr at 4°C. Residual activity was compared
to that of the observed standard condition (Tris-HC! buffer, pH 2).
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Figure 6. Thermal stability of Vicum album lectin. Purified lectin was
heated for 10 min (O-O) and 30 min (@-@), respectively.

bean 5& o-mamoses} a-ghuoosed] FolAoltk ol ool
leetin O8] R DA P4 AR Fo) Soldel)
wheat germ agglutning o] ths) HSo] o5, datura stramonium
lecting] 4% @25 AsA7} WA R] ¢kon Nacetylglicosamine 2]
oligasaccharided]] 2]} Ajale Borh45). &t concanavalin A= o-D-
aminopyranoside, @-D- glucopyranoside @ @-N-acetyl-D-glucosaminide
o)) Thal, soybean agglutinin- N-acetyl-D-galactoaminideo] thaf, ricine
D-galactoseo]] tha] @50l Z=TH43).

pHel & oFdd

S. japonica lectin® pH 853 1 o]AtollA], lima beand} D.
biflorus lectin® pH 7.0~7.594 S YENIH(32), Neptunea
intersculpta lectin®] Z<$- pH 3 ©]d} pH 9 o]Atd|A &EAlo] &
H35}Q2, winged bean lectin® AHAJAME ¢HYsitt Bty
°1146), ¥ AHY AAo| lectin® pH 2~109)4 AtlHl
%S 2A38 AF, glycine-HCl buffer®} acetate buffer] pH
4 o}3} & barbital buffer®} sodium carbonate-bicarbonate buffers
AL83 pH 9 olAolAl 75%7F 4259, phthalate-sodium
hydroxide buffer®} phosphate bufferZ A}&-3+ pH 4-7Q okalA
2 Al g3 AThFigure ).

Yot A& winged bean lectin® 70C7HA] QHAstQ.Lt 95T
oA A== uterine luminal fluid mitogene 100CAME &
o) FASHATH46). S fHAE AGAe] lectind S0THAE
FYAL 7 60T o)Al B4o] gty Hojn Hus}gd
E6@23), B AFqME 10~70Co]A 10 234} 30 £3F 227
gdxg ¥ A 452 X% 27, AAF lecting 50T
742 Aol fAFHALH 1 oldAe B4l oA HIUH
(Fig. 6). Wl & 79 lectin® vimE Fo) obg3 & odF
A geiFolt

e <

ASAol7h AT QIE lecting] 2FElaHge] F1gAel did
A7 Yo lecting ¥l - AATQROH, B, subunit
&, BSR4, vHAY] opit 24, A¥F 3,
grslE Sol4, pH R & 45 Aty 548 A7)
9t Lecting] E2lE 0.15 M NaClol] 28 $&, (NH%S0; 3
A, sepharose 4B affinity chromatography % sephadex G-150 gel
filtratione] ¢}3) 11.648) RA 0] 0.14%9) F&& FS3Hem,
HPLCS A719% S o83t %2 AAS}HLE Gel filtration
o ojs) A lectin®] EAFL 124,000 Dac]H 3, SDS-PAGE
o oJ5) EAtzko] 30,0002+ 32,000 Dagl 27)¢] band2 VERIA
247t 209 subunit® Ze tetramer2  FOIEATh Ao
lectin®] EH4-8lE-& glucose, fructose, arabinose % xyloseZ 3
3l1. it} i3} phenylalanine, lysine, tyrosine, aspartic acid’} H]
WA FH3}H3 methionine, alanine, arginine-2 WlulZ %)
Lecting HPFo| F SolAS Ueplied] Ag-dole €784
kol AFREAYY Kole giled, A 7HE =%
I &AM 7P wkenz FE Fzh tid Holde Fid
Atk Lecting @ EoJAS 7}A 4|, D-galactose, D-mannose,
D-lactose @ D-raffinosed] s} Eo]Ade Vel A$4do]
lecting pH4~7) A etAstgen, SOCHAE 10~30%8 SHY
T o) FAHEE 4 WA Do drh

ikl
HO
e

a

1. Bird, G. W. G. (1959), Haemagglutinins in seeds. Brit. Med.
J. 15, 165-168.

2. Toms, G. C., and A. Western. (1971), Chemotaxonomy of the
Leguminosae, pp. 367-463, Academic Press, New York.

3. Goldstein, 1. J., R. C. Hughes, M. Monsigny, T. Osawa, and
N. Sharon (1980), What should be called a lectin? Nature
285, 66-70.

4, Sumner, J. B., and S. F. Howell. (1936), The identification of
the hemagglutinin of the jack bean with concanavalin A. J.
Bacteriol. 32.

5. Aub, J. C., C. Tieslau, and A. Lankester (1963), Reactions of
normal and tumor cell surfaces to enzymes. 1. Wheat germ
lipase and associated mucopolysaccharides. Proc. Natl. Acad.
Sci. US.A. 50, 613-619.

6. Ashwell, G., and J. Harford (1982), Carbohydrate-specific
receptors of the liver. Ann. Rev. Biochem. 51, 531-554.

7. Landsteiner, K., and H. Raubitschek (1908), Beobachtungen
uber hamolyse und hamagglutination. Zbl Bakt. I. Abt. Orig.
45, 660-667.

8. Renkonen, K. O. (1948), Studies on hemagglutinins present in



584

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23,

24.

25.

26.

27.

seeds of some representatives of the family of leguminosae.
Ann. Med. Exp. Biol. Fenn. 26, 66-72.

. Boyd, W. C., and R. M. Reguelra (1949), Hemagglutinating

substances in various plants. J. Immunol. 62, 333-339.
Sharon, N., and H. Lis. (1972), Lectins : Cell-agglutinating
and sugar-specific proteins. Science 177, 949-939.
Novogrodsky, A., R. Lotan, A Ravid, and N. Sharon (1975),
Peanut agglutinin, a new mitogen that binds to galactosyl site
exposed after neuraminidase treatment. J. Immunol. 115, 1243-
1248,

Nicolson, G. L. (1974), The interaction of lectins with animal
cell surfaces. Int. Rev. Cytol. 39, 89-190.

Lis, H., and N. Sharon (1977), Lectins. Their chemistry and
application to immunology, in the antigens. Sela M. ed.,,
Academic Press. New York, pp. 429-529.

Gordon, J. A., and M. D. Marquardt (1972), Immunological
mechanism of action of the tumor reducing receptor from
concanavalin A. Biochim. Biophys. Acta 332, 136-144.
Nirmul, G., C. Seeverin, and R. N. Taub (1972), In vivo effects
of concanavalin A. Transplantation 14, 91.

Fleischer, B. (1984), Activation of human T lymphocytes :
involvement of the T 3 antigen in polyclonal T cell activation
by mitogenic lectins and oxidation. Eur. J. Immunol. 14, 748.
Southworth, D. (1975), Lectins stimulate pollen germination.
Nature 258, 600-602.

Mirelman, D., E. Galun, N. Sharon, and R. Lotan (1975), In-
hibition of fungal growth by wheat germ agglutinin. Nature
256, 414-416.

Howard, M. K., P. V. Pasquale, A. M. Richard, and G. G.
Barbara. (1981), Evidence that the insulin-like activities of
concanavalin A and insulin are mediated by a common insulin
receptor linked effector system. Biochemistry 20, 5800-5809.
Lamont, B. (1983), In: M. Calder and P. Bernhardt eds., The
biology of mistletoes. Academic Press, Sydney.

Griggs, P. (1991), Mistletoe, myth magic and medicine. Bioch
emistry 13, 3-4.

Paine, L., and H. Harrison (1992), Mistletoe: Its role in horti-
culture and human life. Hort Technology 2, 324-329.

Ziska, O., H. Franz, and A. Kindt. (1978), The lectin from
Viscum album L. purification by bispecific affinity chromatog-
raphy. Experientia 34, 123-124.

Ersson, B., K. Aspberg, and J. Porath (1973), The phytohemag-
glutinin from sunn hemp seeds (Crotalaria juncea). Purification
by biospecific affinity chromatography. Bioch. Biophy. Acta
310, 446-452.

Andrews, P. (1964), Estimation of the molecular weights of
proteins by sephadex gel filtration. Biochem. J. 91, 222-233.
Weber, K., and M. Osborn. (1969), The reliability of molecular
weight determinations by dodecy! sulfate-polyacrylamide gel
electrophoresis. J. Biol. Chem. 244, 4406-4412.

Bochardt, L. G, and C. V. Piper (1970), A gas chromatographic
method for carbohydrates as alditol acetate. Tappi 53, 257-260.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Korean J. Biotechnol. Bioeng., Vol. 14, No. 5

Bochardt, L. G., and D. B. Easty (1983), Improvement of
chromatographic method for carbohydrates as alditol acetate.
Tappi 65, 127-128.

Vidal, T., and P. J. F., Colom. (1984), Determination of
carbohydrates by gas chromatography. Tappi 70, 132-137.
Simpson, R. J., M. R. Neuberger, and T. Y. Lieu. (1976),
Complete amino acid analysis of protein’s from a single
hydrolysate. J. Biol. Chem. 251, 1936-1940.

Takatsy, G. (1967), The use of a microtitrator in serological
procedures. In: International symposium on immunological
method of biological study, 4, 275-280.

Allen, H. J,, and E. A. Johnson (1976), The isolation of lectins
on acid-treated agarose. Carbohydrate. Research 50, 121-131.
Calder, D. M. (1983), Mistletoes in focus: An introduction.
pp. 19-46. In: M. Calder, and P. Bernhardt eds., The biology
of mistletoes. Academic Press, Sydney.

Kanner, L. (1939), Mistletoe, magic and medicine. Bul. Hist.
Med. 7, 875-936.

Sharon, N., and H. Lis. (1989), Lectins as cell recognition
molecule. Science 246, 227-246.

So, L, L., and 1. J. Goldstein. (1968), Protein-carbohydrate
interaction. XIII. The interaction of concanavalin A with a-
mannans from a variety of microorganisms. J. Biol. Chem. 243,
2003-2007.

Luther, P., H. Theise, B. Chatterjee, D. Karduck, and G.
Uhlenbruck (1980), The lectin from Viscum album L. Isolation,
characterization, properties and structure. Int. J. Biochem. 11,
429-435.

Lis, H,, and N. Sharon (1973), The biochemistry of plant lecting
(Phytohemagglutinins). Plant lectin 832, 541-574.

Irvin, H. (1968), Some physical and chemical properties of
wheat germ, the phytohemagglutinin of the wheat germ agglu-
tinin, Biochemistry 5, 101-109.

Borjeson, J., R. A. Reisfeld, L. N. Chessin, P. D. Welsh, and
S. D. Douglas (1966), Studies on human peripheral blood
lymphocytes in vitro 1. Biological and physicochemical pro-
perties of the pokeweed mitogen. J. Exp. Med. 124, 859-872.
Franz, H.,, P. Ziska, and A. Kindt (1981), Isolation and prop-
erties lectins from mistletoe, Biochem. J. 195, 481-484.
Burger, M. M. (1967), Assays for Agglutination with Lectins.
Proc. Natl Acad. Sci. U.S.A. 57, 359.

Lis, H., and N. Sharon (1981), Lectin in higher plant. Biochem-
istry of plant. Academic Press, pp. 371-477.

Walkins, A. H. (1972), Carbohydrates in cell recognition. Sci.
Amer. 1, 74-81.

Osawa, T., and I. Matsumoto (1972), Gorse phytohemagglutinins.
Methods Enzymol. 28, 323-327.

Higuchi, M., and K. Iwai (1985), Purification and some prope-
rties of the basic lectin from winged bean seeds. Agr. Biol.
Chem. 49, 391-398.



