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Fig.1. A two-dimensional thin-layer chromato-
gram of total lipids from a hemolytic strep-
tococcus, Su. The chromatogram was devel-
oped in chloroform-methanal-water (solvent A,
65: 25: 4, by vol) in the x-direction and then
in diisobutylketone-acetic acid-water (solvent
B, 80:50: 10, by vol) in the jdirection. spots
were detected by iodine, followed by staining
with phosphomolybdate. Numbers refer to
those in Table 1.
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Table 1. Chromatographic characteristics of lipid fractions of
a hemolytic streptococcus, Su*

Spot Average Rf values in Color reaction by spray reagents** .
mmber [“SoientA | SoentB |RI Rz K3 Ré K5 Re R7 R | Do

L1 0.27 0.17 + + - - + + - — | Unknown

L2 0.43 0.28 + - - + - - — | Phospholipids
L3 0.56 0.34 + + - - - + - — | Glycolipids
14 0.67 0.41 + + - - + - - — | Phospholipids
L5 0.73 0.48 + + - - — + - — | Glycolipids
L6 0.79 0.72 + + - - + - - — | Phospholipids
L7 0.62 0.87 + + - - — - -~ — | Neutral lipids
L8 0.87 0.80 + + - - - + + + | Neutral lipids
L9 0.93 0.85 + + - — - — - — | Neutral lipids
L10 0.94 0.93 + + - - = 4+ + 4+ | Neutrallipids

* Total lipids of a hemolytic streptococcus, Su, were chromatographed two-dimensionally on
a silica gel H plate using chloroform-methanol-water (solvent A, 65:25:4, by vol.) and diiso-
butylketone-acetic acid-water (solvent B, 80:50:10, by vol.), and the spots were detected with
various spray reagents.

** Spray reagents: iodine (R1) and phosphomolybdate (R2) for lipids; ninhydrin (R3) for amino
group; Dragendorff reagent (R4) for choline; Dittmer-Lester reagent (R5) for phospholipids;
anthrone (R6) for glycolipids and sterols; antimony (R7) and perchloride (R8) for sterols.

Table 2. Rf values of deacylated products of streptococcal phospholipids*

Number of Rf values of deacylited products in B Jdentified
hospholipids entified as
P Solvent I Solvent I
L2 0.84 (0.51)**{ 0.53 Glycerophosphoryl glycerol***
L4 0.29 (0.30) 0.56 (0.59) 1,3-diglycerophosphoryl glycerol
L6 0.3¢  (0.33) 0.76  (0.74) Glycerophosphate
0.31 (0.31) 0.45 (0.50) L-a-glycerophosphoryl serine (GPS)
0.44 (0.47) 0.62 (0.63) L-a-glycerophosphoryl ethanolamine (GPE)

* Deacylated products of streptococcal phospholipids were two-dimensionally chromatographed
on a paper (Toyo Roshi No. 50) using phenol saturated water-acetic acid-ethanol (solvent I,
100:10:12, by vol.) and methanol-formic acid-water (solvent II, 80:13:7, by vol.), and the spots were
detected with Hanes-Isherwood reagent.

** Rf values of phosphate esters in solvent [ and II were reported by Dawson?!.
*** Rf values of deacylated product from phospholipid L2 on a paper with phenol-water (100:30,
v/v) and butanol-propionic acid-water (142:71:100, by vol.) were 0.42 and 0.19, and Rf values of
glycerophosphoryl glycerol in the same solvent systems were 0.40 and 0.172%.
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Fig. 2. A two-dimensional paper chromatogram
of deacylated products from streptococcal
phospholipids. The chromatogram was deve-
loped in phenol saturated water-acetic acid-
ethanol {solvent I, 100: 10: 12, by vol.) in the
x-direction and then in methanol-formic acid-
water (solvent II, 80:13:7, by vol) in the »
direction.  Spots were detected by Hanes-
Isherwood reagent. Spots D2, D4 and D6
represent the deacylated products of phosp-
holipid L2, L4 and L6, respectively. L-a-
glycerophosphoryl serine (GPS) and L-a-
glycerophosphoryl ethanolamine (GPE) were
the deacylated products of phosphatidy! serine
and phosphatidyl ethanolamine, respectively.
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Fig.3. An one-dimensional paper chromatogram
of deacylated products (A), partial hydrolysates
(B) and total hydrolysates (C) of glycolipid L5.
The chromatogram was developed with butanol-
pyridine-water (solvent V, 6:4:3, by vol) in
descending method, and spots were detected by
silver nitrate. Diglucosyl glycerol (a), monoglu
cosyl glycerol (b), glucose (c) and monoacylate
(d) were obtained from glycolipid L5.  Glucost
(D) was used as a standard.
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Table 3. Rf values of deacylated products of streptococcal glycolipids*

I
Number Rf values of deacylated products in
of Identified as
lyco- Sojvent III Solvet IV Solvent V Solvent VI
ipids
LI | 041 (0.42)"% 0.07 (0.06) | 0.05 (0.03) | 0.30 (0.28) | Ljglucosyl glycerophosphoryl
13 0.53 (0.53) 0.21 (0.02) 0.20 (0.20) 0.46 (0.48) | Diglucosyl glycerol
L5 0.63 (0.63) 0.30 (0.31) 0.36 (0.36) 0.58 (0.56) | Monoglucosyl glycerol
0.56 0.19 0.36 (0.36) 0.48 (0.48) | Glucose***

* Deacylated products of streptococcal glycolipids were chromatographed one-dimensionally
on a paper (Toyo Roshi No. 50) using the following solvent systems and detected with silver
nitrate: propanol-ammonia (specific gravity: 0.90)-water (solvent III, 16 : 3 : 1, by vol.); butanol-
propionic acid-water (solvent IV, 142: 71: 100, by vol.); butanol-pyridine-water (solvent V, 6:
4: 3, by vol.); ethyl acetic acid-pyridine-acetic acid-water (solvent VI, 5: 5: 1: 3, by vol.).

** Rf values of deacylated products of glycolipids were reported by Ishizuka and Yamakawas3b.

*** This substance was used as a standard.

Table 4. Chromatographic characteristics of neutral lipids of a hemolytic streptococcus, Su*

Spot Average Rf valuesin |Detection by spray reagents** Possible identificati
number Solvent C | Solvent D| RI R2 R6 R7 RS ossible identification
L8a 0.39 0.24 + + — - — Unknown

L8b 0.34 0.27 + + + + + Sterols***

L8c 0.41 0.30 -+ -+ - - - 1, 3-diglycerides

L&d 0.52 0.28 + + - - — 1, 2-diglycerides

L10a 0.86 0.70 -+ + - - - Triglycerides

L10b 0.88 0.84 + + + + Sterol esters***

L10c 0.93 0.94 =+ - - - Hydrocarbons

*

Two lipid fractions (L8 and L10) from a hemolytic streptococcus, Su, were chromatographed

two-dimensionally on a silica gel H plate with ethylene chloride-methanol (solvent C, 98: 2,
v/v) and n-hexane-diethyl ether-acetic acid (solvent D, 70: 30: 2, by vol.), and detected with

various spray reagents.
*%

Spray reagents: iodine (R1) and phosphomolybdate (R2) for lipids; anthrone (R6) for carbo-

hydrates and sterols; antimony (R7) and perchloride (R8) for sterols.

and 0.24 or 0.87 and 0.84, respectively.
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Rf values of cholesterol and cholesterol palmitate in solvent C and D were found to be 0.34
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Fig. 4. A two-dimensional thin-layer chroma-
togram of two lipid fractions (L8 and L10)
from a hémolytic streptococcus, Su. The
chromatogram was developed in ethylene
chloride-methanol (solvent C, 98: 2, v/v) in
the xdirection and then in n-hexane-diethyl
ether-acetic acid (solvent D, 70:30:2, by
vol.) in the y-direction. Spots were detected
by iodine, followed by staining with phosp-
homolybdate. Numbers refer to those in
Teble 4.
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Fig. 5. A two-dimensional thin-layer chromato-
gram of total lipids from a hemolytic strep-
tococcus, C203U. The chromatogram was
developed in chloroform-methanol-water (sol-
vent A, 65: 25: 4, by vol.) in the xdirection and
then in diisobutylketone-acetic acid-water (sol-
vent B, 80:50: 10, by vol.) in the jdirection.
Spots were detected by iodine, followed by
staining with phosphomolybdate. The total
lipids were separated into 11 components, 5
of which were phospholipids (PL) and 2 com-
ponents were glycolipids (GL).
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Table 5. Phospholipids and glycolipids of three strains of hemolytic streptococci

Strains of Phospholipids* Glycolipids*
streptococci PA | PG | DPG |GlPG |Amio fgypg |GGl
Su + + + - + +
Blackmore + — + +
C203U + + + + + +

*

Phospholipids and glycolipids found in the streptococci are as follows: phosphatidic

acid (PA); phosphatidyl glycerol (PG); diphosphatidy! glycerol (DPG); diglucosyl
phosphatidyl glycerol (Glu-PG); phosphatidy! glycerol containing amino acid (Amino-
PG); monoglucosyl diglyceride (Glu-DG); diglucosyl diglyceride (Glu-Glu-DG).
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Abstract

Hemolyvtic streptococci capable of forming streptolysin S, such as Su, Blackmore
and others, have been reported to be cytotoxic to the tumor cells, but the streptococcus
without the formation of streptolysis S (C203U) was shown to be inert upon the tumor
cells. In this study, the phospholipids and glycolipids of three strains of hemolytic
streptococci, Su, Blackmore and C203U, were examined by thin-layer and paper
chromatography to compare the constitution of these lipids among three streptococci.

Streptococcal cells were cultured in 10 1 of Wood and Gunsalus medium at 37%C
for 12 hours, and the total lipids were extracted from the cells according to the method of
Folch et al (vields of total lipids : 2~2.5g/10 1). The total lipids were chromatographed
two-dimensionally on a silica gel H plate (0.25mm thick, 20 x 20cm) using chloroform-
methanol-water (65 : 25 : 4, by vol) and diisobutyl ketone-acetic acid-water (80 :50 :
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10, by vol.), and the spots on the plate were detected with various spray reagents. The
total lipids of Su were separated into 10 components, 4 of which were phospholipids
and 2 components were glycolipids, and there was no lipid component containing
amino group.

The lipid components found in the total lipids of Blackmore were similar to those
of Su. On the dther hand, a phospholipid containing amino group was found in the
total lipids of C203U, from which 5 phospholipids and 2 glycolipids were obtained.

To identify these phospholipids and glycolipids, each component obtained by
preparative thin-layer chromatography was deacylated with 0.1 N KOH, and the
deacylated products were chromatographed on a paper (Tovo Roshi No. 50) one-
dimensionally or two-dimensionally with different solvent systems. In addition, the
glycolipids were hydrolysed with 0.1 N HCl or 3 N HCI, and the hydrolysates were
examined by paper chromatography. The phospholipids of two strains of the
streptococci, Su and Blackmore, were identified as diphosphatidyl glycerol,
phosphatidyl glycerol, phosphatidic acid and diglucosyl phosphatidyl glycerol, and the
glycolipids of these streptococci as diglucosyl diglyceride and monoglucosyl
diglyceride, respectively. The phospholipids and glycolipids of C203U were similar to
those of Su, except the phospholipid containing amino group. This phospholipid was
indentified as phosphatidyl glycerol containing amino acid.

These results indicate that the constitution of phospholipid and glycolipid in two
strains of hemolytic streptococci, Su and Blackmore, is the same, but that the
constitution of phospholipid of C203U differs from that of Su or Blackmore.




