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Abstract— A new lectin was partially purified from starfish.Asterina pectinifera by means of physiological
saline extraction, salt fractionation, ion exchange chromatography and hydroxyapatite chro-
matography, and it was named APL. The biochemical properties of the APL were characterized. In ad-
dition, its effects on lymphocyte mitogenicity and cancer cell agglutinability were tested. The APL ag-
glutinated nonspecifically human erythrocytes and rabbit blood cells. Agglutinability was decreased to
30% of control activity below pH 5 and above pH 9 and was relatively unstable at increasing tem-
peratures above 60°C. The activity was reduced by addition of two kinds of metal ions, Ba**. Mn** and
chelating agent, EDTA. APL was proved to be glycoproteins containing 9% sugars. For carbohydrate
specificity, it was found that the activity of APL was inhibited by D(+)-glucosamine, D(+)-galac-
tosamine, stachyose, N-acetyl-galactosamine and methyl-a-D-galactopyranoside among 35 sugars test-
ed. In amino acid composition, the contents of acidic amino acids such as aspartic acid and glutamic
acid were relatively high. This result suggest that the isoelectric point would be in a lower range. APL
was found that it promotes the division of human lymphocytes. APL was proved to be a potent ag-
glutinin for cancer cells such as Hela, L929 and L1210 cells. Significant changes on the Hela cell sur-
faces affected by APL were observed under the electron microscope.

Keywords [_] Asterina pectinifera, lectin, mitogenicity. cancer cell agglutination.
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o] Q&S Sy g 1 FHo vt T £ B A

& A5 £EA17IM 2 71" T AlEe] 3¢ dedo]
HAHEE AFgo2N E8EE [L-1(interleukin-
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E Ao 3% Yo 2 RE] A2 dEg )
W 2R 02 g AN At AR EAfo] vl 3
8HA| bt ME IAe) (Astering pectinifera) & .
2 du 48 ¥ ZASAT, o)z RE 2kA AR
saha 54 9 A3y Jd78 FYsiien, 32
T2 oz & ol EM O RM9| 753 ¢ Al Xl
e AR Ee] &3 &9 T FUHA BEEY SR
EAol daiA Bastaxa} s}

A48 Mg - 437 A5E2 AHS 755 (Spinu-
losa)ol &3&t= dE A (Asterina pectinifera)= %
siqtell A MABIH e, & AEE Jdiidin ozt
& sfjfa 2 A3e w2 2¥ Hela cell, 1929 &
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Al2} - DEAE-cellulose 52= Whatman Inc.

(USA)°l A, hydroxyapatitee Japan Biochem-
icals Co. (Japan)olA, tris(Tris-hydroxymethyl-
aminoethane), (6-"H)thymidine (specific activi-
ty 1.8 Ci/mmol), Con A, HEPES, acrylamide, N.
N-methylene-bisaerylamide 52 Sigma Che-
mical Co. (USA)A, EMEM, fetal bovine se-
rum. bovine calf serum& Gibco Lab. (USA)eilA
TR o, 71eF dtA|eke EFEE AT

2171 - A&l AHE¥ 8 717l high speed
centrifuge : Hitachi, (Japan): fraction collector :
LKB2070 ULTRORAC 1II (Sweden); spectrop-
hotometer : ULTROSPEC III, Pharmacia LKB
(Sweden): electrophoresis apparatus : LKB 2001
(Sweden): scintillation spectrometer : MINAXI
Tri-Carb 4000, Packard (USA). COgair in-
cubator : Shel-Lab. (USA): amino acid analyzer
LKB 4150 ALPHA (Sweden): electron mi-
croscope : Hitachi H-600, H-7000B (Japan). &°I
At

ZE|EIQ] ®2| 3 COLUMN CHROMATOGRAP-
HYO|| 28t HAl - dErMAlee) Ae)ag9sE 1128
3led 2A-& gk, o] & 10,000x g oA 308 <t
AEGT H AEHKE crude FEEE s
Crude 5% %-& ammonium sulfate2 0~40% 744
33 AA, BeAZF 10,000 % g A 3027 dAE
28157, 25 mM tris-HCl 954 (pH 7.4) 0.2 B4
Al £ oAl 9 10,000x g oA 3087 Y48
H 2 4Z 9L crude B O E ] thgT} 7o)
2 AAE 5} Crude A¥E Chung 59

vz} EAAE DEAE-cellulose 52 column(1.3x
19 cm) 22 A AT}

gl B2 NaCl & 50 mMelA 400 mM7t
*| step-wise gradient .2 S7M7|HA §-EA AT
280 nmolA FHEE S48l dld =g s}
oo Helg £ d1 @42 B AYEYE Fol
3tsict.

A gido] Yehd 0.3M NaCl £82 Diaflo ul-
tramembrane PM 10(cutoff : 10,000 daltons,
Amicon Co., USA)# 54 712 2 Aquacide lII5-&
ol g3l F&3Art @B o] ¥l DEAE cel-
lulose 0.3M £8& 5mM 214 SEA(pH 6.8)0 &

]. Pharm. Soc. Korea



dE7Ae] dRle] BA o o X A3AE A 423

MA7)1, 2 gFdow oy HIANA E hy-
droxyapatite column(0.8x19 cm)o] FU3 § 9=
A FTE 50 mMoIA 300 mM7HA] step-wise gra-
dient® F7HA719HA ol 8-S FEl3idlen, &
Atk o2 sty F5A A

POLYACRYLAMIDE GEL ELECTROPHORE-
SISO oj# == &2l - Discontinuous $EHE o]
£33 PAGE(poly- acrylamide gel electrophoresis)
= Davis®) #d®o2 pH 8304 10% poly-
acrylamide gel(0.8:30)2 4°ColX AA1&kgct 77|
FE(PAGE) S stacking gel AolA 40 mA/slab9)
HEZ A&l resolving geldl =2 Al 70 mA/
slabZ 5X17+ 481929 tracking dyet 0.001%
bromophenol blueE o]&3ttt. wulz Heoj=
0.1% Coomassie brilliant blue R-250 £4(99% %
A} :95% ARE  FRT=2:55)02 1F, 44N
o} A2 5% zAka 95% olek2(6:4, 7:3, 7:3, 8:
22 2A|7H 4 2 x| Zi},

AT W AT ST AY -F9 Ay 4L ¥
I3 SHY AEE U-EY £o& 3 microtiter
plate ¢l AZE A% 2u5 AMF F 0.15M
NaCl 8402 Hdale] ZA8 3% HETF 448 7}
slo] AAEtEem® E-A(trypsin) H2lE Lis &
Sharon®] W8*e) utal x2)sieic}.

YZ T gA2 Chung 59 WE®e &8k =4
ek & FEglo] AN A AAZRE vFE
#aste) 20 mM HEPESE 3% EMEM(pH 7.2)
Zo|A scalpel2 ZA & FH, Fol AGAA v =
21 g AAsA} 150 mM NH,Cl £98 713t A
T& 973 1 EMEMOE 3~43] A3 sled 5x
10" cells/miz. 2451 Abgsidet HET 9 =7
$-d#(HU : Hemagglutinating Unit)2 A% £3
g Jehle drie] Hd) sl4ufso] A5z e
Atk

HEl F40) 0|X|= pH, 2= X SK0I22| HE -
Crude #¥& pH 2~11 Alo|9} ofi7}A] @Feloz
AT 2°ColM FAAZ & doRlE HEEAA S A}
3lge). oju) AHE3¥ buffere= 25mM KCI-HCI
buffer(pH 2.18), 25mM glycine-HCl buffer(pH
3.18), 25 mM citrate buffer(pH 4.16, 5.35). 25 mM
acetate buffer(pH 4.20, 5.20), 25 mM phosphate
buffeer(pH 6.25), 25 mM Tris-HCl buffer(pH 7.4,
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8.71)3} 25 mM carbonate buffer(pH 9.62, 10.8) &
olAth

& crude HEE 10~-90°C el &ollA 308
jekst & S dgog 43 og dolgle 98
248 At on, F4olRe s E9ldr)Y
g Ba(OH),. CaCl,, FeCl,, HgCl,, MgCl,, MnCl,.
ZnCl, 5% #E 344 EDTAE 20 mMZ ZA|3}
of 74z} 50 i Hstn A4 vl sl Mo = 3%
F, 7b welloll =€l 89 50 WE 7}ska, 1 9ol 3%
AP A 50 wE 718l 308 Aol ME $1HE
ZASA T

HElo| F@T B Mol A" - F¥7 3™ A3
3= Iglesias 59 ™| w2} 35F ] GEHE A}
B3t AAEAT 7 -£29(100 mM or 200 mM)S
A% 2ug AME H, 7Zh welloll 4HUS $33 &
Bl WEl 8HS 50 pp 71eba, 29l 3% Al 2
E7] AEF £4E 50 Wy 71etrt. olu dofl ot
AT AE A A At 3G SHd] A
5 A HA B FEE FAEI,

on|izAt 84 - Crude &€, DE 0.3M £33} hy-
droxyapatite 0.2M E&ellA AL A= A 2
mg¥ & A8l FH3tu A4 7kAE A S 6N-
HCl 1.5miE 7t &, 43 283t 115°ColA
24717 7HrR-Es A Tt

THREHARES 3N-NaOH 1 miZ £33 o8 £
R Adsle g 28712 AFAAY ©)F load-
ing buffer(0.2M sodium citrate buffer, pH 2.2) 1
miel 5o} millipore(0.22 pm) & 3FA7 F, oja|:
AP EATZ opuliat 24 2 e SA3I T

EHE U 2 EE BN - o L Lowry B
o] WP et & ¥Y SHEUN(BSA)E HFFS
3] g, G e o REFOE
8t anthron®H o 2 A8 ).

F 2m ®a] - g #el= Wysockih Sato9]
P Po) whel obprHglo] ICR S B3] v
I FHE Zhzt Felsld EMEM 89 ol 2HA &
Aot £o02 Ang T 1500 x gol A 1087 gAE
&g}t o] YHEo tris-buffered ammonium
chloride -£94(0.168M NH,CIl: 0.17M Tris-HCI,
pH 7.65=9:1)& 75l R/ AT E LA ¥
dAEYsl, EMEM £98 7tet o2 o7g
F 03 FA4e] YE7E B AHESHATt
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Algh BlET 22| - Alge] YE e Callard™
Ly¢t Mishell 9] w02 Relaiict & 778
202 ALt RHAE PR ANFH S| 3-8 TA
(heparin 10 [U/mD& -3 RPMI 1640 ¥l =}
112 sMslka sada gl 7mlE -3miet-His-
topaque-1077 wjokallol) Al x4 3 F 400 % gof
A 30837 YA R oy FelE HE4E A
~87A #3lo] 10ml RPM1 1640 wikd s 715t H
1.000x g ollA 1087+ A28 vHE A& S AAA
5% FBSE &3t RPMI 1640 vie o 2 thr] b
et 4 FETE o] &3t

2oy X=SEe s &S - A5l g2 25 §
& Z 7= Pandolfino 59 WE*'e &-83to] 238}
g} A#el 24183 Con A= 1.6 mg/ml/E EMEM
vjfHol mo] ALt A 3 o] B =T
= 0.4% trypan blueZ AEEES AET ¥ 3F=
2x10° cells/m!, AF FZ 1 1.2x10° cells/ml &
A &tR T vigFN2 25 mM HEPES, 100 ug/m! ~E
A grtol Az} 100 IU/ml AYddE 43 EMEM
vjokel o 2 Fu|sl gt

Y3 dfeke WHg vlee] microtiter plate
(Nunc Co.)ol M AA3HTE 9" g8 100 WE Hx
S| vjgRo g 2ul MG ¥ T Frp g
20% FBSE Z+ wellell Wl o8 COMY7] (5%
CO»/95% air/100% F=)olA 37°CE 48A17F vlA|
71 % 0.5uCie PH) thymidineS 2} welldl ¥3
2417 o kATt wjekol ¥ YEITE po-
lypropylene filter funnel(d=25mm, Gelman)Z
glass micro fibre filter(GF/C, Whatman)-/dell o3}
Tk YWzhAlzl PBS €59 (pH 7.2), 5% TCA,

T4 E5E o2 10mM 7Hete] AF, AxA A
AxH 9#4AE 5ml scintillation cocktail £l
Qo] scintillation counter2 WAbs 3#& &35kt

2t MIZE 83 A8 - ¢ MTE Hela, L9299 L

1210 5] cell line& thd &2 stod AE3ch A=
2= A3 dAa%5oA AE7F EolYE ampuled
A 5 32 2 A 37°CE 728k 7158wz Al
=91 T2 7123 wjked (10% bovine calf serum/
o-MEM)- 10 miS #7381 2 3-4-4EeH1.000
rpm. 3 min.)3td A¥E 3 t}S Falcon Zehal
off MEe} Wik 5miE ¥ CO, W%¥71(5% COY
100% H=/37°C)olA 24717 wloFst & =] &dnlA
O Z AF| HHE BT g YA L wBs) T
X el 427F 7 A A g A7) 7kA) el dsiod el

Hjekeld AAE 913 PBS(pH 7.2)2 59 A3 &
Falcon Fdh42 uittel] -3k N X E Eelsl7] Hs)
A EFA-EDTA0.05%) 5 miS 1057 37°ColA A
Z3titt. EFL-EDTA AAE e wjded 2
mlE 718 94E2(1.000 rpm, 3 min.) 3 o A A
€ MEE PBS 1 mlol % 9 1x10°cells/mI2
ZA3fo AH-3HY o

FAEE AEE 100 pg/miFA ZASS U-2%F
microtiter platedl#] A8t WA PBS 50 wE
At 5% 96l gAG ouis Moz FMF
kg mle] Fu" AE(1 X 10° cells/m)E 50 pl # 3
9 308 & 28 & 3 du|F o ARt

Adda ¥ 1@

glEio| 22| U MA| - EE7M ey FEEL am-
monium sulfate2 0~40% 3 AHAIHLH 743
733 FAL YERQ B8R olZ crude AR R 3}
Ao, crude FR-L FEFE) vl 1.888) AR =2
1.80% 3= cHTable I).
Crude #¥¥l& DEAE cellulose 52 columno &
chromatographyst3l& . 0.05M, 0.2M % 0.3M
NaCl &4 el o] Yepd o} 0.3M NaCl
E8o| #&7 EAdol 1 k. o] B8 3.0260 A

Table I— Purification of lectins from starfish Asterina pectinifera

. . Total Protein Total Activity Specific Activity Purification Recovery
Purification step (mg) (unitsx10®)  (units/mg) (fold) (%)
Extraction 12,055.8 48.768.0 4.045.2 1.00 100.0
Salt fractionation 5.123.7 39,0144 7.614.5 1.88 80.0
0.3M fraction of DEAE cellulose 52 757.7 9.246.7 12.203.6 3.02 19.0
0.2M fraction of hydroxyapatite 10.9 3274 30.036.7 7.43 0.7

* The protein content was estimated by Lowry assay.
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Fig. 1 —Elution profile of Asterina pectinifera crude lec-
tins on DEAE cellulose 52 column (1.3X19cm)
chromatography. Dotted line (--©) represents
hemagglutinating activity. O. D., absorbance
at 280 nm: flow rate. 24 mi/h.

A=A 19% 5= JAcHTable I, Fig. 1).

DEAE-cellulose 52 column®} 0.3M NaCl 3
< hydroxyapatite column22 tl& AT A
Fig. 29} #o] 0.05M, 0.1IM¥ 0.2M phosphate ¥
oA ARG o] Ueptow, 1% 7MY e 84
& JERE 0.2M 802 o] Hel S APL o|2}aln
ol 7.434 AAEUL 0.7% -} (Table D).
olofgte] A& 7} FEe) drl2 HADdA | upet H
H d(band)?t £°] E°JA hydroxyapatite co-
lumng %43 0.2M EZoME 1709 F4d e}
4709 X9 oy} EIFHAR, o]2X FEAAEHU
&8 ¢ F UG

HET % 227 &3 - DEAE cellulose 0.3M
NaCl #3 g€ gigh Al 9 2 & 559 Hd+¢
Yol izt @el AL Table 1T VERG A
Ao o] &3 ZE AYT 2 YA st 4 &
velon, B7] g oisix 7h 43 849& e}
Wk 3H, EYales XS W, AbEe o
Ae 4e gYo] g FrtEI oYy E7) Hdoja=
s o
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Fig. 2 — Elution profile of 0.3M NaCl fraction from DEAE
cellulose 52 column on hydroxyapatite column
(0.8x19cm) chromatography. Dotted line ()
represents hemagglutinating activity. O.D., ab-
sorbance at 280 nm: flow rate. 15mil/h.

H, 2= U 350|129 I8 - 9] HF T 84

pH 5~9 9ol ME st e, 1 oj3t &
a °l"o‘°ﬂ’\1% delo] &Ado] FA3] gasirh wat
A, o] A o R FAT FHT)dAN HFEE
& & UUTHTable IIN). =S}l e HAPAS
Fig. 37 23ttt 40°CollA 84do) 7H43817) Al &ate
60°Coll A 23] A4 5= APL #8912 AA of=

Table II— Specificity of 0.3M fraction lectin from DEAE
cellulose on agglutination of erythrocytes
from various animals and murine splenic

lymphocytes
. Cell Agglutinating Activity* (HU)
Species untreated trypsinized
Human A type 128 256
B 128 256
¢} 128 1024
AB 128 512
Rabbit 4096 4096
Murine splenic 8
lymphocytes

*(HU) : Hemagglutination Unit
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Table Il — Effect of pH on hemagglutinating activity
of 0.3M fraction from DEAE cellulose 52
with trypsinized human and rabbit

erythrocytes
Hemagglutinating
Buffer pH cuvity

Human AB Rabbit
25 mM KCI-HCI buffer 2.18 2 16
25 mM Glycine-HC] buffer  3.18 4 32
25 mM Acetate buffer 4.20 16 32
25 mM Acetate buffer 5.20 16 32
25 mM Phosphate buffer 6.54 16 64
25 mM Tris-HCI buffer 7.40 16 64
25 mM Tris-HC! buffer 8.71 16 128
25 mM Carbonate buffer 9.62 8 64
25 mM Carbonate buffer 10.80 1 32

Ax Hgat oLt 40°C ol e n2oME i £
Astgich A -20°ColA 67197 = G G4l
37} gilom A2olA (20°C) Az ¥ FEE= I
o] tha gadhs Aos FAFHJAG ol T 27
g %ﬁi}ﬁﬂ £ o) AP A=) 2%} pHoll g M8 A
& vlw3 GBS, 40°Col e 259 At %
Zh7) A E Bk A JeRget. olew A
& Meretrix lusoria®o) A #2)9 29| date} {4}
ek,

FEol2 Y¢S NPT A= Table IV 23k
ZAE F49A EDTAS] EA3lelA &9 gA4o
33 ZAaE Y= ol o] AR B} o)l F5 o] &

rs& o

[+5

i

0

.fl

0?-

Hemsgglutinating Activity

/) 1 1 i A 1 I
30 40 50 (] k] 80

Tewmp.(T)

Fig. 3— Effect of temperature on hemagglutinating ac-
tivity of 0.2M phosphate fraction from hy-
droxyapatite (APL).

Table IV— Effect of metal ions and chelating agent
on hemagglutinating activity of 0.3 M frac-
tion from DEAE cellulose 52 column

Metal ions & Hemagglutinating

chelating agent Activity*
Ba® 1.25 mM
Ca®* No effect
Fe* No effect
Hg™ No effect
Mg* No effect
Mn** 10 mM
7n** No effect
EDTA 0.08 mM

* Minimal concentrations inhibiting hemagglutinating

activity.

The test was performed with chelating agent and me-
tal ions of various concentrations(from 0.02 mM to 10
mM).

o] EAFthe S AlAtehy wet o] WY BA) R0l
& o]2o] #;AZTIL AlRHT 27 F& o]2¢
Mn*"9} Ba® o] £ W) $3o] ZasE A4S
olE F& ool o] dyle] FA K.9jo]] AAH o2 2
3171 A”Y conformationd WHAIA B85}
A7)E Aoz FAHUL, Ca?t, Mg™, Zn*", Fe*',
He?' 5o ATt $3 B4l o} 72 Wb} gt
A0 Ho} o|E F& oL ARl wu WA= A
3 sl 3 A P9l EASNAE Fe Ao
LFHAT o= 29 FAHFFE, 5 Limulus po-
lyphemus, Anthocidaris crassisping o)\ S F
Megabalanus volcano, Megabalanus rosa, Meretrix lu -
soria 5ol Bel8 ARBo] Cal- &4 A2
W)Y o oRzhe] Aol g BTt ¥

ct BMO|M - o] #8e D(+)-glucosamine, D
(+)-galactosamine, stachyose, methyl~a-D-ga-

r
r

lactopyranoside, N-acetyl-D-galactosamine %2
Fol ofa] A el EISo™, EF sta-
chyose$} N-acetyl-D-galactosamine?] Z-$ 8l w%
@ FER 25 mMellA Rl 84 A3 @/do] Yo
o (Table V). 72169 o]2]d 54L& g
9] 3% £3FF Lo -COCH; groupE 7} N-a-
cetyl-D-galactosamine® N-acetyl-D-glucosa-
minedl 93] Z8tA A3 o] dojuh= A} &
ARIE AL, ol Y FAFTE Qs E4oA &
TRz AT YUY AL o5 o] AA o
A e FHRE S8 Egt k3 o BolAdL vl
Arh= AMd oW, T olfs FAFFEY HE 3 FF
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Table V—Inhibition of hemagglutination by sugars
for 0.3M fraction from DEAE cellulose 52

column
Minimum concentration(mM)
Sugar for completely inhibiting 4
hemagglutinating doses
Stachyose 25
N-acetyl galactosamine 25
D(+)-glucosamine 50
D(+)-galactosamine 100
Methyl 100
o-D-galactopyranoside

Other 30 sugars are not mentioned

o] dEvto 2= 27|19t FER A7) (multiplicity
nonsel) & EFHH o2 7HE 5= §l7] ufio] ol dz}
2t3 338 Parish®9] B 37t A5EE 7Pz o
olziA 11 et

olltt XM — Zhzhol A AN 2 74 2
g olv|xit 418 2} Table VI 234ch A
SAE £EE9] ojulicAit FE nlaws) BE AR of
o) 4kl ol A BhE Akl R gHgo) A UERES
o o] 7HEEEA ofanEt I SR ENle] 242} of
2EA D RN Z AEkEo] EFEHR7] o]
2 Alg T B3 23 -2 & 5 sle B

U} A2 g & o2 Hol WEe ddo)
GUmAe AT B clSe dgel U

3, 27l BaE P Witz dEEx opu) it
Foll A A opr| ]l of AT E AT SR $H o)
E%oH, o9 pl7t A olN S AT | HES
Ale] @Elo) pIgE B2 o AT F UUR, ©®
g olE delo] & FR3 Al2Eld el de] A%
EAshe ol HEVMALE dhH KA A3E B
of ule} o] HHE HPHQY Fd FF HAle) PFof
£3= Ao 2 7HEE

g 82 - ddo] 3 FFE Yol Azt DEAE
cellulose column®] 0.3M #8& 19.35%, hydroxy-
apatite column®} 0.2M #3#-& 896%2 ZF(neu-
tral sugar) 2 853 A2 g

BT Xj= 29 &3 - ddde] yjggoer Y=
7 AFEE a9E dolwr) Ydhydroxyapatite
0.2M 85 didez F&EA2 mitogen?] Con A%t
U ZARRE 43, A7 E7E U R § A% )
2 03pg/miold BAEE B g 24 A
E7F R golx upo|Edlo 2 M9} gt gl Ao
BEERNen HAF YT ATEE F3E VYehix

Table VI— Amino acid composition of Asterina pectinifera lectins

Crude Lectin DEAE 0.3M* HA 0.2 M**(APL)
Amount . Amount Amount

(nmol) % (nmol) % (nmol) %
1. Aspartic acid® 1273 11.8 10.9 13.1 19.8 12.6
2. Threonine 98.2 9.1 5.1 6.1 10.5 6.7
3. Serine 98.2 9.1 5.5 6.6 10.4 6.6
4. Glutamic acid® 140.1 12,9 11.1 13.3 19.5 12.4
5. Proline 29.6 2.7 3.9 47 7.7 49
6. Glycine 107.7 9.9 7.9 9.5 14.2 9.0
7. Alanine 98.0 9.1 6.8 8.2 13.7 8.7
8. Cystine 25.4 2.3 1.3 1.6 2.1 1.3
9. Valine 45.6 4.2 3.9 47 8.2 52
10. Methionine 23.8 2.2 1.6 1.9 2.5 1.6
11. Isoleucine 23.4 2.2 2.5 3.0 49 3.1
12. Leucine 492 45 6.8 8.2 13.5 8.6
13. Tyrosine 46.8 4.3 2.7 3.3 5.4 3.5
14. Phenylalanine 314 2.9 41 49 8.1 5.2
15. Histidine 27.4 25 15 1.8 3.0 1.9
16. Lysine 55.5 5.1 4.0 4.8 7.2 46
17. Arginine 56.2 5.2 3.6 4.3 6.5 41

Total amino acid(nmot) 1083.8 83.2 157.2

0.D.=2(2 mg/ml. sample volume =40 p})
*Asp+Asn, Glu+GIn

* 0.3 M fraction of DEAE cellulose 52, ** 0.2 M fraction of hydroxyapatite
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Fig. 4-— Effect of APL on mitogenic response of human
peripheral lymphocytes.
APL  -w-E-m-m-m-B-
ConA: -0-0-0-0-0-0-
Control : m

orgtth Ut Al FE | ME 1.2 ug/mioliA &
7} Yehd o olu vlw A|§2 AH-E Con A 45l
% 1.2 pg/mi oA 43¢ vepd o2 8iA APL FEle]
Yu 3 A2EY 775 YFAACKFg. 4.

2o Y £29 222 ns® 992 6.4 pg/mi
(AF), Wtz A8 62.25 ng/mH{AF) s} 1.95
pg/miARD), ¥aa5” 998 3.91~31.25 pg/mi
(B9} 15.63~31.25 pg/ml(AH) sx0A Ao &
e yehion] wARe ¥n® &8l 25 ug/ml
(Bz7) e 1.2 ug/mi(AH). FolA 4& PHAE 5
ng/mrisEolAl, lentil €L 30 pg/mlis ol Al
TRE 57} AU viws) ¥ @ APL #9e
Hl48 R0l AY o @& FroA AEEE a3t
UEhY o) wi)$ F0)9lE A olg} sHlth

of MIE 2% &M - 238 30 54 o cell
line Hela cell, 1929 2 L1210 500, o} Sl
Al APL 2€-& #ristguivl Hela cell, 1929 2 L
1210 25l €3 a5 JehAcH(Fig. 5, 6, 7).

Fig. 5— A : Phase—contrast microphotograph of HeLa
cells of control group. Magnification, X1,000.
B : Phase—contrast microphotograph of Hela
cells at 2 hours after APL administration. Ag-
glutination of cells are evident (arrows). Mag-
nification, X1,000.

HeLa cell® L9299} 7% Falcon Zeh23 vpeo) &
e P2 I AEE EYN-EDTAZ st
Aulg s3st AnjHew #FE Ax 6 XHHA
Be ATE BY 553 APL 9ol % ME &
o] £7 AAE vlE SIS w, APL 9= & st
Lol ol ol & dMel IEHUW. A
HelLa celloll APL @818 A7}5145& o 33 Aol
oA &3 A4S B8l ot & HeLa cell®] A|E
ot W3tE 245 AR} fste] M ArAE o) &
3 A3 Fig. 83 28 295 o2 & YUt ol
SAT AL TolA 2 T3} v TA] Al ET] thg=9]
E7) 2ge AT 4 e, $AT W AxT B
oke o A7} e Aol ot what WAool o
Zd thEl Boo] HASEAM SRE QlE Aer v

ox
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Fig. 6 — A : Phase-contrast microphotograph of 1929
cells of control group. Magnification, x1,000.
B : Phase—contrast microphotograph of [.929
cells at 2 hours after APL. administration. Ag-
glutination of cells are evident (arrows). Mag-
nification, x1,000.

of Mzt Aol A M2 sdE = glycoconjugatest ©]
% AZ9] glycoconjugatete] Alelo A @Elo] Eo]
Ho g Agsle opy|g Aoleta AR EH AT

olao g2 B A= 2 F7A £EQE H2E
SEE 75H gy gd dd 58 SR
3hEQ) WB7LA (Asterina pectinifera) 256 F-84
g APL #@¥lo] Al fEFo] djs] £F3 mi-
togen2 2 FHEJITIE FA|E S AMNE sk,
& HeLa cell, 1929 ¥ L1210 59 & A4 th3)
A HE S RS BT Tl o] xS A
A G ofulshe AR AlREC gto R o] ARE
o]-gate] o} ME 7o) APL HEl & o] 8T 4 &
V54e sl

B oFoM d& Ay ANE B2 YO8 A& &
galejol & FAE o £E=2L APL dulel Ax9)
Asperd 24 1, 223 Ao oF AES) AR o Al
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Fig. 7— A : Phase—contrast microphotograph of L1210
cells of control group. Magnification, X 1,000.
B : Phase—contrast microphotograph of L1210
cells at 2 hours after APL administration. Ag-
glutination of cells are evident (arrows). Mag-
nification, x1,000.
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4 mitogen?! Con AS} B8 FXoA| o] v}
it o} AX S Axs oA et 35Re o
M ¥ = HeLa, 1929 2 L1210 cell 53 APL &€l 9]
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