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Abstract — As a part of search for new biologically active constituents from aloe, we
have isolated a glycopeptide, called GIGIMIDL, from the gel(G1) of Aloe vera. Chem-
ical and spectroscopic evidence indicated that GIGIMIDI2 is a glycopeptide. The
molecular weight of GIGIMIDI2 was about 5,500 daltons, and the carbohydrate and
protein contents were 20.9% and 32.6%, respectively. Periodate oxidation and enzymic
degradation gave peptide moiety and carbohydrate moiety, respectively. Carbohydrate
moiety is composed of fucose, galactose, glucose and mannose in a molar ratio of 0.5:
2.4:48.3:4383. Peptide moiety is composed of fifteen amino acids, and glutamic acid
and glycine were the major componants. The glycopeptide, GIGIMIDI2, stimulated
thymidine uptake of SCC 13 cells about 6.5 times the control. This result suggests that
this glycopeptide has a skin cell proliferating activity. ,
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Introduction

Aloe is known as an important traditional
medicine in many countries and has been
commonly used for health, medical and cos-
metic purposes (Blitz et al., 1963; Lee et al.,
1980; Norton, 1961). Some people keep one
or a few plants at home to provide a readily
available gel source for treatment of burns
or other wounds. The chemical constituents
of Aloe species have been investigated by
several groups (Park et al., 1997; Reynolds,
1985a; Reynolds, 1985b), and the aromatic
derivatives of the constituents have been re-
ported to be effective in wound healing, an-
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titumor, antimicrobial, immune modulating,
peptic, laxative, and gastric juice controling
activities (Hirata and Suga, 1977; Speranza
et al., 1993)..

As a part of chemical studies on biologically
active metabolites from aloe, we have inves-
tigated an activity-guided fractionation and
an isolation of bioactive compounds from a
freeze-dried aloe gel.

This paper deals with details of the iso-
lation and the structural characterization of
a bioactive glycopeptide on the basis of chem-
ical and physicochemical evidence.

Experimental

General - IR spectra were obtained by us-
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ing the Bruker FT-IR IFS48 spectrometer.
NMR spectra were measured with Bruker
AM-400 spectrometer with TSP[3-(trimethyl-
silyl)propinoic-2,2,3,3-d4 acid, sodium salt] as
an internal standard. GC-MS was taken on
Hewlett Packed 5890 HP5970 MSD spectro-
meter.

UV charts were recorded on Hitachi V-3210
spectrometer. The amino acid analysis was
performed with Hitachi amino acid analyzer
model L-8500A (with ninhydrin method). The
carbohydrate analysis was taken with Glyco
System Diones DX 300.

The following experimental conditions were
used for chromatography: HPLC, Spectra
system P2000; column chromatography, Am-
berlite XAD-2 (Organo Co.), DEAE-Toyopearl
650M (Tosoh Co.) and silica gel 60 (Merck,
60~-230 mesh); TLC, silica gel 60 Fi, (Merck,
pre-coated TLC plate)(detection by spraying
with 1% Ce(50,),/10% aq. H,S0, followed by
heating and with Dragendorff reagent) and
cellulose (Merck, pre-coated TLC plate)(detec-
tion by spraying with 5% aniline phthalate).

Materials — The freeze-dried aloe gel used
as materials was obtained from Nam Yang
Aloe Co. and made as follows. Mature Aloe
vera leaves were cut from the plant and the
gel of leaves was mechanically isolated. Cel-
lulase was added to the crude gel and blend-
ed. The digested gel was filtered through
Filter. The filtrate was concentrated and then
lyophilized to give freeze-dried aloe gel.

Isolation of glycopeptide (G1G1M1DI2)
—The aloe gel (25 g, designated as G1) was
suspended in 200 ml of distilled water and 4
volumes of 95% EtOH were added. This solu-
tion was allowed to stand for 12 hr at 4¢C.
The clear yellowish supernatant was decant-
ed off from the white residue and the pre-
cipitate was centrifuged for 30 min at 4¢
(13,000 g).

The supernatants were combined, evaporat-
ed and lyophilized to give a mixture of small
and medium size molecules (G1G1, 14.5 g). G
1G1 (1 g) was applied to Amberlite XAD-2
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column (250 ml of resin, 2.5x25 cm). The
column was eluted with distilled water (500
ml), 50% aq. MeOH (200 ml), MeOH-acetone
(1:1, 400 ml), successively. The eluates with
50% aq. MeOH were concentrated and lyo-
philized to afford dark-gray powder (G1G1IM
1, 53 mg), which was active on the thy-
midine uptake assay.

G1G1M1 (563 mg) was dissolved in deioniz-
ed water, then dialyzed for 3 days (m.w. 5,000
cut), and lyophilized (G1GIM1D, 23 mg). This
fraction (G1G1M1D, 23 mg) was dissolved in
0.02 M NH,HCO; and applied to an ion-ex-
change column (2.5X 20 cm) of diethylamino-
ethyl (DEAE)-Toyopear]l 650M.

The column was equilibrated and eluted
with 0.02 M NH,HCO; (600 ml), and then
eluted with 0.3 M NaCl (600 ml). Fractions
of 15 ml were collected and analyzed by the
UV (210 and 280 nm) and by phenol-sulfuric
acid method to give two fractions, G1G1M
1DI1 and G1G1M1DI2, according to the elu-
tion pattern (Fig. 1). Each fraction was con-
centrated, dialyzed and lyophilized. The yields
of G1GIMIDI1 and G1GIM1DI2 were 7.8
mg and 2.7 mg, respectively.

TLC of glycopeptide(G1GIM1DI2)-TLC
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Fig. 1. Elution profile of G1G1IM1D by DEAE-Toy-
opearl 650 M CC. The sample was dissolved
in 0.02 M NH,HCO; and the colunm was
eluted with 0.02 M NH,HCO; and then 0.3 M
NaCl at 4. Each fraction was 15 ml. (@): ab-
sorbance at 210 nm; (O): absorbance at 280
nm; (¥): absorbance at 490 nm (phenol-H,SO,
method).
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was performed on Merck precoated Kieselgel
60F,s, plates and cellulose plates using n-bu-
tanol-ethanol-water (5:5:7) as a developing
solvent. Detection was done by spraying 1%
Ce(S0,); in 10% aq. H,SO, followed by heat-
ing at 110°C and by 5% aniline phthalate. Rf
values of G1G1M1DI2 were 0.67 in the sil-
ica gel plate and 0.35 in the cellulose plate.

Electrophoresis —- The purity and molec-
ular weight of bioactive G1GIM1DI2 were
determined by sodium dodesyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE)
according to the method of Laemmli (Laemmli,
1970) using 20% separation gel with stan-
dard protein markers. Carbohydrate and pro-
tein bands which are the same distance from
the origin were stained by the periodate-
Schiff procedure (Dubray and Bezard, 1982,
Kinchel and Bryan, 1990) and with Coomas-
sie blue reagent (Bollag annd Edelstein, 1991).

Measurement of total carbohydrate and
protein — Total carbohydrate was measured
by the phenol-sulfuric acid method (Dubois
et al., 1956) using D-mannose as standard.
Total protein was also determined by the
Lowry method (Lowry et al., 1951) with egg
albumin as standard.

Analysis of component sugar - G1G1M-
1DI2 (10 mg) was dissolved in 2 N H,SO, (10
ml) and hydrolyzed at 100T for 6 hr in a
sealed tube. The hydrolysate was neutraliz-
ed with BaCQ;, and then filtered. The filtrate
was passed through a column of Dowex 50W-
X8 resin (acidic form) with deionized water.
Component sugars were eluted and analyz-
ed by HPLC.

Analysis of amino acid - GIGIM1DI2 (10
mg) was hydrolyzed with 6 N HCI1 (10 ml) for
24 hr at 110C in a sealed tube. After eva-
poration to dryness, the hydrolysate dis-
solved in 1 ml of citrate buffer (pH 2.2) were
analyzed by an automatic amino acid analyz-
er (Hitachi L-8500 A).

Periodate oxidation-G1GIM1DI2 (10
mg) was dissolved in distilled water (2 ml),
then sodium metaperiodate (56 mg) was add-
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ed. The reaction mixture was stirred at 20T
for 20 hr in the dark. The excess of sodium
metaperiodate was decomposed by the addi-
tion of ethylene glycol (1 ml) with stirring
for 1hr. The solution was dialyzed overnight
and lyophilized. The product was dissolved
in distilled water (1 ml}) and NaBH, (6 mg)
was slowly added. Then the solution was
stirred at r.t. for 7 hr in the dark. The ex-
cess of NaBH, was decomposed by the ad-
dition of 0.1 M acetic acid. After dialysis and
lyophilization, small amounts of 0.05 M sul-
furic acid were added and the mixture was
stored overnight at r.t. The solution was neu-
tralized with 0.05 M NaOH. Dialysis and lyo-
philization gave carbohydrate-degraded pro-
duct (3 mg).

Enzymic degradation-To a solution of
G1GIMIDI2 (10 mg) in 0.01 M phosphate
buffer (pH 7.0)(0.5 ml), pronase E (Sigma
Chemical Co.) (0.1 mg) was added, and in-
cubated at 37C for 24 hr. Dialysis for 24 hr
and lyophilization gave protein-degraded pro-
duct (2 mg).

Thymidine uptake assay (Kopan, 1989) -
SCC 13 (human squamous cell carcinoma 13)
Cells were suspended in the culture medium
(a mixture of 3 parts of Dulbecco's modified
Eagle's medium supplemented with 10% fe-
tal calf serum and one part of Ham's nutri-
ent mixture F12) and aliquots (0.2 ml) were
put into the wells of a 96 well-plate (5,000
cells/well). The cells were cultured until 80%
confluency was reached. The culture medi-
um was replaced with 0.2 ml of the culture
medium containing G1G1M1DI2 (1 mg/ml)
(for the control, saline was added instead of
G1G1IM1DI2) and the cells were cultured for
24 hr. The culture medium was replaced
again with the same medium -containing
G1GIMI1DI2 and the cells were cultured
further for 24 hr. At this time, [*HJthymi-
dine was added into each well (5 pnCi/ml)
and the cells were incubated for 3 hr. The
cells were washed twice with phosphate buff-
ered saline, treated with 10% trichloroacetic
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acid for 1 hr and dried out. The dried cells
were mixed with 100 pl of 0.5 M NaOH for 3
hr and then mixed with 0.5 M HCI for neu-
tralization of the alkali. Aliquots were used
for thymidine uptake by a scintillation count-
er (Hewlett Packard).

Results and Discussion

A crude glycopeptide fraction (G1G1) obtain-
ed from the gel (G1) of Aloe vera was applied
to a column chromatography of Amberlite
XAD-2. The eluate with 50% aq. MeOH
which showed activity in the thymidine up-
take assay was subjected to ion-exchange
chromatography on DEAE-Toyopearl 650 M
to afford a non-binding fraction (G1G1IM1DI1)
and a binding fraction (G1G1M1DI2) (Fig. 1).
Among them, G1G1M1DI1 did not show any
activity in thymidine uptake assay, but the
main activity was found in the binding frac-
tion G1GIMI1DI2 (Table 1). G1G1M1DI2,
dark gray amorphous solid, was freely solu-
ble in water, but slightly soluble in alcohol
and insoluble in organic solvents. It was
found to be homogenous in the electrophoresis.

Elementary analysis (%) of GIGIM1DI2 in-
dicated that it was: C, 35.8; H, 5.2; N, 2.5;
and O, 56.5.

G1G1M1DI2 showed the positive reactions
with 1% Ce(80,), in 10 % aq. H,SO, in TLC
(silica gel) and with aniline phthalate in
TLC (cellulose). It also revealed a band with

Table 1. Thymidine Uptake, and Contents of Car-
bohydrate and Protein in Active Fractions
Purified from the Gel (G1) of Aloe vera

Thymidine by < b
Sample Uptake® Carbohydrate” Protein’
G1 210 479 2.6
G1G1 270 50.7 3.9
GIGIM1 320 62.6 11.8
G1G1IM1DI2 645 20.9 32.6

“Relative activity(%) to the control, taken as 100%,
in "Hithymidine uptake assay.

Y Presented as % and determined by the phenol-sul-
furic acid and Lowry's methods, respectively.
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periodic acid-Schiffs reagent and with
Coomassi reagent in electrophoresis (20%
SDS-PAGE), which are specific reagents to
detect carbohydrate and protien, respectively.

The IR spectrum of the G1GIM1DI2 also
showed absorption bands at 3359, 1601, 1382,
1077 em” indicating the presence of carbohy-
drate. Although the NMR spectra (H and **C)
were poorly resolved, the *C NMR spectrum
(100 MHz, D,0) showed signals ascribable to
alipathic carbons (§, 12.7, 12.9, 16.2, 214, 24.0,
32.8), carbonyl carbons (3, 160.5, 171.8, 186.5),
geminal carbons of oxygen function (3, 61.2,
61.6, 62.0, 69.6, 70.6, 72.1, 75.7, 76.5), and
anomeric carbons (8, 100.9, 101.1), and 'H
NMR spectrum (400 MHz, D,O) also showed
signals assignable carbohydrate moiety (83.4
~4.5, a mass of signals).

Evidence above has led us to assume a
glycopeptide for G1GIM1DI2. Glycopeptide
G1GIM1DI2 contained 32.6% of the total
protein as egg albumin and 20.9% of the
total carbohydrate as mannose (Table 1).
G1G1IM1DI2 had a molecular weight of 5,500
daltons, estimated by SDS gel electrophoresis.
A peptide moity of G1G1IM1DI2 was obtain-
ed by degradation with NalO,, and the car-
bohydrate moiety by digestion with pronase
E. The presense of each moiety was confirm-
ed by electrophoresis. Carbohydrate moiety
was suggested to contain fucose, galactose,
glucose and mannose (Fig. 2) and the molar

0.14
.12
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uc 0.08
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Fig. 2. HPLC Chromatogram of acid hydrolysate obta-
ined from carbohydrate moiety of G1GIM1DI2.
The colunm (CarboPak PA1l, 4x 250 mm) was
eluted with H,0-0.2 M NaOH (92:8) at r.t.
and flow rate of 1.0 ml/min.
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Table 2. Monosaccharide Composition of GIGIM1DI2

Composition

Monosaccharide (molar ratio, %)
fucose 0.5
galactose 24
glucose 48.8
mannose 483

Table 3. Amino Acid Composition of GIGIM1DI2

Amino acid Composition (%)
Asp ©12.68
Thr 0.72
Ser 0.94
Glu 22.70
Gly 18.47
Ala 10.96
Val 8.75
Met - 0.62
Ile 2.98
Leu 8.50
Tyr 1.70
Phe 2.47
Lys 524
Arg 2.16
His 1.18

ratio (%) of these component sugars was 0.5,
2.4, 48.8 and 48.3 (Table 2). To determine
amino acid composition and contents, the HCl-
hydrolysate of peptide moiety of G1G1IM1DI2
was analyzed by amino acid analyzer. Fifteen
kinds of amino acid were detected, and glu-
tamic acid and glycine comprised 41.2 molar
% of the total detected amino acids (Table 3).
From these observation, G1GIM1DI2 was
characterized as a glycopeptide. The relative
activity of glycopeptide GIGIMIDI2 was
645% of the control, taken as 100%, in thy-
midine uptake assay (Table 1), and also show-
ed significant activities of wound healing in
experiments using SCC 13 (Squamous cell
carcinoma 13) cells. The detailed result and
the molecular mechanism of wound healing
will be reported elsewhere.
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