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Aktract--The binding of 1,2,3,4,6_pcntagalloylglucosc (PGG) lo various proteins, lipids, nucleic acids, sugars and 
cultured human amniotic cells (FL cells) was examined quantitatively. The results indicate that PGG binds less lo acidic 
than to neutral or basic proteins, but more lo basic phospholipids than the other lipids, and also lo nuckic &ds and 
sugars. On the other hand, PGG bound lo FL cells irrevcrsiMy and the antihcrpctic or cytotoxk activity of PGG was 
inhibited in the presence of L-a-phosphatidykholinc or bovine serum albumin. 

IYTRODUCTIOS 

We have previously reported that pcntagalloylglwxc 
(F’GG) has antihcrpctic activity [l-3]. In this work, we 
have tried lo determine quantitatively its binding lo 
various biological substances. Much work on the binding 
of tannin lo proteins [4. S]. alkaloids [6] and metals [7] 
has been reported. Measurement of proteins [4, S] and 
tannins [S] in the supcmatants was carried out in order lo 
determine the tannin-protein binding affinity. and speci- 
ticity of the proanthocyanidin-protein interaction was 
investigated using a competitive binding assay [9]. But 
since these studies were incompkte, we trial lo examine 
quantitatively the binding of PGG by determining the 
amount of free PGG in the supcmatant after compkx 
formation. 

RESULTS 

A representative Sephadex G-100 column chromato- 
graphic pattern of the supcrnatant of a PGG-biological 
substance mixture gives in the first peak the fra subsl- 
allcc. a second peak due lo the solubk compkx and a third 
peak for fra PGG (retention time 45 min). The PBD,,, 
values (see Experimental) of various tcsl substances are 
listed in Table 1. 

106 FL cells bound about 20 pg of PGG for 20 hr and 
no PGG was rckascd from PGG-bound FLcclls. In order 
to elucidate the relationship betwan the binding affinity 
and the inhibition of the biological activity of PGG, we 
examined the effect of high (BSA, PC) and low (pepsin, 
chokstcrol) binding affinity substances on the antihcr- 
pctic or cytotoxic activity of PGG. The PID,,, (see 
Experimental) and SRD~~ (see Experimental) values of 
these substances are listed in Tabk 2. 

DECUSSION 

When pcntagalloylglucose was mixed with a basic 
protein, for cxampk, lysozyme or histone. there was 
littk precipitate. but the PBD,~ values were as low as 

that for bovine serum albumin which formed a large 
precipitate with PGG. Thus the amount of precipitate 
is related lo the solubility of the complex and not lo the 
binding affinity lo PGG. Therefore, the tannin binding 
affinity cannot be determined by the amount of pracipitate 
or by the amount of proteins [4, S] or tannins [S] in the 
supcmatants when solubk compkxes are present in the 
supcmatants. Furthermore. the specificity of the 
proanthocyanidin-protein interaction should not be in- 
vestigated using a competitive binding assay [9] because 
thcspccificity is not as marked as that in antigen-antibody 
interactions. Also, in the case of metals or alkaloids, we 
intend lo recxaminc the tannin binding affinity. 

Pcntagalloylglucosc attaches itself lo particles of Bio- 
gel, Sephadex (except for G-100) or Toyo Pearl, but we 
suazudal in determining the amount of fra PGG in the 
eluant from a !kphadcx G-100 column. As shown in 
Tabk 1. acidic proteins (isoekctric point < 4) bound to 
PGG kss than neutral or basic proteins, and basic 
phospholipids bound lo PGG more than lo the other 
lipids. Therefore, ionic bonds appear lo participate in the 
PGG binding, but since the more condensed polylysinc 
had the higher binding affinity and BSA, which had no 
charge a1 pH 5, bound lo PGG more than basic proteins. 
such as cytochrome c. hydrogen bonds must also take part 
in.thc binding of PGG [IO]. Since the homopolymcr of 
lysinc or glucose is bouod more (0 PGG than the 
monomer, the more condensed homopolymcr will bind 
the greater amount of PGG. 

BccausconcFLcellbound2x 10 “8(2x 10 “mol) 
of PGG, it can be deduced that one FL all binds about 
IO” mokcuks of PGG under thcK expctimcntal con- 
ditions. and therefore PGG mokcuks may be supcr- 
imposed on a FL all surface. It is possibk that the bask 
phospholipids on the outer side of the ctll membrane are 
binding sites to PGG. besides the cell wmbranc proteins. 
Because no PGG was rcM from PGG-bound FL cells, 
the PGG binding to FL cells is irrcversibk. As shown in 
Tabk 2, the subs- which have the higher binding 
affinity to PGG also inhibited lo a grater extent the 
antiherpetic or cytotoxif activity of PGG. 
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Tabk I. paDso values of various tat substances agamst pentagalloylglucosc 

M, (k) PBD,o @ml) substances .w. (k) paDsO Wml) 

PrOlClflS 

Pepun 
Orosomucoid 
BSA 
~-Globulin 
Haemoglobm 
Myoglobin 
z-Chymotrypsin 
z-ChynWypsrnogen A 
Cytochrorne c 
Trypsin 
Histone 

LysorymC 

Ammo ads and polymers 
I.-ArgitLitlC 
L-Lysine 
Poly-I -lysine 
Poly-I.-lysirk 
Poly-I.-lysine 
Poly-L-lysine 
Poly-L-lysim 
L-ThrbotlUk 
Glycmc 
I.-set+ 
L-GlUtamk acid 
L-Aspartr acid 
Poly-L-iuputic acid 

34 8al 
44 > loo0 (39%). 
69 70 

170 II0 
65 40 
I7 70 
25 180 
26 140 
I2 270 
23 80 
I5 80 
I4 70 

0.18 
0.15 
4 

I4 
21 
55 

2OO 
0.12 
0.08 
0.11 
0.14 
0.13 

36 

> law, (10%)’ 
> IOOO (13%)’ 
> loo0 (47%). 

3M 
350 
45 
IO 

> loo0 (12%“,r 
> IOOO (9%)’ 
> lOal (7%). 
> loo0 (7%). 
> IOOO (37). 
> IOOO (loi)* 

Lip&is 
L-x-Lc!cithtua (PC) 0.83 
L-a-LyWkcithtn 0.53 
LU-Cephalitt 0.79 
Sphingomyelm 0.7s 
L+Phosphatdylinositol 0.91 
L-x-Phosphatdylserin 0.83 
Ch0ksl~Ol 
Ganglioskle 

Nuckr acids 
Al-P 
Thymidme 
DNA 
RNA 

SUgarS 
Glucose 
Maltose 
Maltotriose 
Maltotctraose 
Maltopentaose 
Maltohexaose 
Maltoheptaose 

Glycogen 
Cellulose 
Starch 

0.39 
I.7 

30 
so 
69 
67 

> IOOO (3O%). 
> IOOO (33 %)’ 
> lam (lo%)* 
> IWO (ISO,). 

0.51 > loo0 (I %)’ 
0.24 > laxl (33%)’ 

10aKl 330 
loo0 340 

0.18 > loo0 (8%). 
0.34 > lam (lo%)* 
0.50 > lam (20%). 
0.67 > ICC@ (24%)’ 
0.83 > lam (29%). 
0.99 > IOOO (34%). 
I.2 loo0 

300 910 
400 > lam (22%). 
100 260 

*Percentage of bound PGG at IOOOpgml of tat subatana. 

Table 2. PIV,O and snvlo values of BSA. PC, pepsin and binding dose (F?tD,g), I.C. the concn of biologioal substance 
chokstaol required to bind to 5Oo% of the amount of onginal PGG. 

-- 

PtD,o Wml) 
SaD,o (rgml) 

BSA PC Pepstn Cholesterol 

2.0 0.7 > IO > IO 
2.5 I.0 IO > IO 

EXPgRIMENTAL 

Pentaplloylglucose was isolated from the galls of Rhus 

~mvvtico according to the method described prrviously [2]. The 
other subsmnces were obtaukd from Sgma. All other chantcab 
were commerctal preparations of the highest quality availabk. 

B~ndiny WY fo b~hgtcol subfmnce~. 0.2 ml of PGG soln 
(0.2 mgml0. I M acetate bulfer. pH 5 = buffer A) was mixed with 
each 0.2 ml of buffer A contljning various amounts of the tat 
substance and shaken at W for 20 hr. Then the mcubation 
mixtures were centrifuged at 2OW g for I5 mm. Each 0. I ml of the 
supernatants was applkd to a Sephadcx G-100 column (0.5 
x 7 cm) equilibrated with bulier A. The elution was carnal out 
with buffer A at a Bow rate of 0.22 ml;min for 90 mm at rOOm 
temp. The cluate was motutoral at 280 nm using a UV monitor II 
manufactured by ATT0 Co., Japan. ‘Ihe amount of free PGG m 
the supematant was derived from the peak area and that of 
bound PGG from subtractmg that of free PGG from that of 
origmal PGG. The bmdmg affinity was exprd as SO”; PGG 

Busding PIYI)’ ro FL ctlb. FL alb were grown m Eagk MEM 
medium contammg 5% calf serum as monolayers at 36’. The cells 
were dispersed with 0.2”/, trypsin and suspendal in 0.15 M 
aatatc buffer, pH 5 ( - buffer B) 0.2 ml of PGG soln (0.2 mg/ml 
buffer B) was added to 0.2 ml of FL ails suspension (IO’ ails). 
After shakmg for 20 hr at 3O’. the suJperuion was centrift@ at 
500 17 for 5 mm. The amount of bound PGG was atimatal as 
noted aboyt. To examme the reverstkhty. the pelkt was rc- 
suspended in bulTer B, shaken for 3 hr at M”. and then 
centrifuged. The amount of free PGG in the supcmawt wa9 
detected using a Scphadcx G- IM) column. 

E&r o/i&i. PC. pepsin and cholesrerol on rhc onriherperic w 
c~rotoxrc curtury of PGG. The antrherpetk or cytotoxr assay was 
carried out according to the method described previously [3]. 
The Inhibitory effect ofcompound on the antiherpetk activity of 
PGG was CXprcssed as PIDso. i.e. Ihe concn Of Wmp0Und 
required to Increase the number of plaqua. m the presence of 
20 wrnl PGG. to SO :, of that in the control all cultura. The 
inhibitory effect of compound on the cytotoxk activity of PGG 
was CXprascd as SRDso. I e the concn of compound required to 
reduce the cell stamrng proportion to 50 o; of that in tk presence 
of ISO~gml PGG. 
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