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HHBLUFE
1. EHEE

Studies on the Lipids of Group A Hemolytic Streptococci.

HEREO ABEERE Su ¥k (38, SLS s L v
SLO EE&#k, LUT Su B &#giE), Blackmore ¥k (11
I, SLS EEH#k, LLF Blackmore B & 8832), C203U
¥k (C203S B LR, SLO EA#, BIT C203U K
LHRED) B & UHREESHERE 00 A LY.

2. EHBEOKE

HSHIRE O EIC1E Wood S D &AM A R L
fo. &zt o #A A 12 Bacto tryptone 20g,Bacto
yeast extract 10g,KH,PO, 5g, 7 F v lg. FFEK
11 T, 10% NaHCO; TpH#% 7.3 AR Lz b, 120
CT 20 HREEE L 2 b oA Ff b EEKE O SR
iz & BEEEE 200 ml & 101 O&REEMICHEERE L, 3T
CTI2BEEELL-0L, BET CEKREL

(10,000rpm, 100 ml / 53) LCHEE L, WikE4EEEA
kT 2 BlRE#E L /<.
3. EHEEEEOHL

HEEIKFEDNEE 12 Folch S O AEMC & » THIH L
f.F bbb, d Y g OEEEREE 20 (EEO /00
Fs e Ay = (2:1,V/V) TERT2ENIHL
o b I 1/ BosEBAEKENA TRML,
ACIRBLTRENZBICHEEL T S, KEED
HragttEskiEl, BHEXEC TEZu -7
— eI RE L~y —RHVTERTM T 40 CTR
LTl E GRISHED 2Bk, oRIEY (INE:
200 — 250 mg /20g) % 100mlD 7 o R L 45/
—WICTARRL, @RI £ T 20 CIfRIEL L.

[1] Lipid Composition

of Hemolytic Streptococci. Kousaku Kitajima, Department of Pharmacology (Director:
Prof. S. Shoin), School of Medicine, Kanazawa University.




ARBEROERCET 5% 197

4, BYBEEEOEEI/OT TSI 4 —

1), Zo=t7Fr—tOEH

ya= k7L —bidStahl OFE & - THERIL
. bbb, 25g ® v Y a4 H (Merck) % 70 ml
oERKICIERS b2 AT 2K (20 X 20 )
g T Ay voEE (Bx: 0.25m, 0.5md
U 1. 0mo IR E{E0, —KERTHER, &
B% 110 T 30 HfEmaE L TEIL L, sk, RE
V. e, BEX0.5mB&LU 1.0mDEBIRS
g IEEEENT 30 AV.

2). BHEE
BHARKE L TR SEREAWK., §R8b5,
B A 7 BB R A A X ¥/ = e K
(65:25:4,V/VD'; R B: ¥4V TF Uy b v o B
B -k (80:50:10,V/V)' 2 iaE C: s mmkv b o 7
£ b ve A % s = w- FE B- K
(65:35:11:4:1.5,V/V)'¥ K D Bk FL v e 2
57— (98: 2, V/V)', I E: ~*H v e xF Nz
—5 o Belg (70:30:2,V/V)'™® ZRELK.

3). REHE
BHSE SN ANEORED Y, RO THEEOH
BREER V.

(1) 2—FRE (s / —LVEK, BEEOR
e, (2) Ve I vERE (1%xsy /-
sik, lEEOKRHE)'®, (3) Dittmer — Lester 3
(Afg: 40.11g O =B{b® ) 77 % 256N Bilg 11 i
MBAERLEbD. Bil: B¥K®) 75 v 1.78s £A
00 MMV L 72D A1 BB 1 Bz K
2BEEMAS. ) VIEEO®RHD'", (4) 7 v 2o VYR
B(7r2ov0.5g &FARE 10g % 66% WMBk 1L
BEALELD, BIEES LR F o — VEORHD'®,
(5)=veFYvRE (n—-7%/ — A THHL -
Kic0.2% widmd Licbo., 73 2 o),
(6)Dragendorff % (A EEMEHEEI <R
1.7g % 20% Befe 100 mlic/EfE L/ bD. Bik: 2 v
e Lm40%kiEm. Ar20ml, Bl Smi® &
UK T0ml ZEMLTER. 20 vOBKRH)'O (7)) 7
vFEVRE (ST v FEY BgEk s aaribL
e CBERLbD. 2Fo—AE0RE)',

2 — FER¥EB &L U Dittmer — Lester R#% 7 o <
FTL— b CEBEL B8R T0E s TRESYE, £
ORI IETE L 2BEI 7L — F % 110 C T
LTHBEE,

4).  EEEREEEONEER L URH
TIRTEB s u b 757 4 — THEMREEE 0K
RERNI Y, Bx0.25mOI/ o= b S L— D —

8 (S 2.5cm) 1215 — 20 g #REE 2 <A 2
OERy FTHERICARy P LEDE, BIHA TI5
B L. BH%, o= b7 L— % Q) EEiRx
ETHhS, BEBTI mBRALL. BEERVTH
S5, I—-FREEX7L—rEELTAEy FORE
2HAL-OL, 20f0RELEE L ClEEoBE
o3 R AR

BHABABLIUBEAVWE ZRTHB, o<+
7574 —ic k- CHSIREO ) VIEE LHIEEEE
2 DA TS hich, FEEEEoSBEREST
BT, BHAED BLXUEABVWARTHE
7a9% bk s57 0~ CHEHEREO PHEEEOBEEHA
N7 B PHEEORS E2RET A kdica vk
Fo—i (Merck), I VvAFa—Jie¥ 3 F—
(Sigma), SV F VB, T/ VI F Y, YN
F v, by F v (PL - Biochemicals) #5 &%
EEHEE LTRAVE.

5). EHNREBECANER /I o=+ 757 4 —

HEEEHIRE D Y VIEH, BIsEO MK REN £~ —
NR—egwow bS5 T4 —THEND, EREOREIE
BHEENR Vo= b 757 4 ~THAXBRDI, B
EEOBERAE2—RTEB I n< 757 4 —TH
B EBLL 20,

Ex0.5mZ/ iR lmoEE (20 x 20 ecn) O—
25 2.5 cnDFTICKAREE 100 mg# 7243 200 mg & #RIR IS
ARy b L, BEBEAZAVTITaBRL, 70=
FPL— b EEFRERLZOD, 3 - FRELEE
LTzEy FOIBEHD. 20T, EEEESL Y
UAHENET - PohpEED, Joafkbh
g/ =0 (2:1,V/V) ThEEEME LA, ) VIBE
SWTRERSEREL2 - JERVERLE. /2, B
BRI AZRVE—RTHEE /o~ 57 4 =T
SEELEIEEIC>VT, SOBREARCAHVS
—RTEBI o b I74—% 2 - 3HEHEVEL
7.

R E I BEENEEXHEVA—RTERE 7 o<
PS4 —THEELOS BBEIAED /2 1EE %
W2 —RTEB/ o= 757 -tk > TRIEE
EAYZEELEL. B8, —Rt#EBso< 7357 4
—THBLY VIEEE - IRIEEG, BRAKA B
SUBZHVWARKT@BB /o~ 7574 —I0dk-
T, £, PHEEORSIBEAE DB LU ELH
WATRTHEBE 7 0= bS5 74—k T, ENT
hOEEEDNE—-THELEMEHF .

5., R—NR— 507 prS5T74—ICkBHEHEK

BEVMORE



198 it

—RTEB I ow bS5 7 4 —ickDSBELAY v
EEB L UBEEARET 340, FhEFholEEHD
KBEEIC DWTR—s8— e a2 + V57 4 —%FT
151219,

1. uwvigg

) YISEO&ES % 0.INKOH © 37 C, 1548
BMLTRT bl BR7 v ibi%d Zikp~<— %
— /0T bS5 T 4 — THEAL I CRERE
No.50,40 X 40 ecm) O—¥i5 (ML D Sen) 2V vHE
HolR7 v uithE x££y b L, BUBHIEKERMT S
=N BEBE e xp s — (100:10:12,V/V) 2R
TERETI6HMEMELLOL BEEFSA ¥y —T
KACEBRSETH S, MEE 0 ERES Y, 5/
— s ¥k (80:13:7,V/V) #HEVWTLERETA
BrEEEL 2. BOK-ciREE %R L1205, ®
Loy vE{LA&Y % Hanes — Isherwood @ &R &
(SNEEE20m, 2% BEHRBOnLL % EY) TF v
BkE® 130 ml 2B LA b0)TRIBLT, ) vEE
L&D R EERD . LB IBEYMELLTHR Y
FIN-I~-) Y (NbCo.) BLUFR7 7»F
vy /s —L73iv (NbCo) D7 v MEHERL
1.

$7, Y VIEEHES B L UEEME DR 7 > At
I2WT, 7=/ —n 7k (100:30,V/V) (ERE,
16BRFBED) BLUT 9/~ T oA VB K
(142:71:100.V/V) (ER#&, 14 BSHERER) £ BHE
BEFTE3RIER—N— s 70257 4 —bT
1’f:25’.

S5, YIBEORES % 0. INEB T 100 'C.40
SN LY, Boh i KBEMERT vt E
BicR—=st= e 02 b 557 4 —THNE.

2). HEIRE

WASE % ) vISE LA 0. INKOH Thi 7 » vk
L, Bonkli7 v mbid:—IRTR—s¥— e« 702
TS T 4 — TR BEEEICE (1) Fosy
=T vE=T (LLE:0.90) - K(6:3:1,V/V)
(TR, 20 BREIRBR)Y, (2) 79/~ E YTy
o K (6:4:3,V/V) (Fheik, 13 BeREMS, (3)7
¥/ —neFoEAt /B K (142:71:100,V/V) (F
Meik, 14 B5RER? BXU (4) Btz F 1« Y
Ty o« BelE - K (5:5:1:3,V/V) (TR, 12 B:RIB
B o 4 AR, WA GRIEREE No.50,20 x
40 cm)D—IEH» 5 5 enDFTICEEISH OB 7 » Vb B
XU va -2 (EBEYHE) 28K (B&: 2a) X
fy b L, ThTHOBEERERVCTTREC—ER
MEBRLAOL,BE N 54 ¥ —TRACLBEE,

B

AR LD ARy b A THEERAE (Ak: BEFNEBEK
BEInlcTE b 200l EMATEL LEBEDE
DKREMATHER LIz . Bik: 0.5N NaOH * %/
— g, Cilf: 5% F AREEF b ) v L750E. MEE A
. BiEB LU CHRTIERLEYT ) TRELTRE
v PO RIEERD .
i, EEEOZES % 0. INEBT100C, 404
LR L TE S h - B9 KBEDIc>wWT, LiLoRE
BERC L 2—RE_— = JOw b+ I57 4 —%
T8 - 127 S 54, EFHORES % N Bl T
100 'C, 90 SYMIMIB L, 85 h /- W5 E 0 ek igE
MABEEICZA Ry L, 75/ — e BEEE. K
(6:4:3,V/V) - BEEB=F L B Y Jvek
(12:5:4, V/V)ZBREERE LT TFREIC L 0 BREL
7237 IR E O TR KBEY OB, 7= vk
FUSL—rRE (7=0v 0.9nml &7 —VEE
1.66g 2/KE8F017 5 / — 1 100 mliC AR L 12 b D)
FhRB VT2 TV e T2 ) VRE (P70
TiIv2gET=Yr2nET LM I00nlicERL
obD)M AHWE.
6. EHBEREOTE
EHEKE D ) VIEHE, HEIEE B L UTHIEEORR
SDOB% Amenta D HESIC L > TRIE L 7.
D). W UIEEBLURERE
BHAEABIUBZRAVAZRTHERE 7 v < b
757 ¢ —THHERHOBIEEEE ~ OB NI H#
L, a~-FRET2H£y rONBEAHRALLOL, ¥
o2 k7 L—b%E 100 Cic 30 SYRIB V. BIGTE, 7
owb7TL—rEDIEEEEL VYAV EDLE LS
THRBBECBL, B2 o ABRAE (2.5 DEY o 4B
HY YLk 1l O N EERICEBLICLD)Z2 - InlE
AT 100 'CT 45 SREmE L oL BuAtk, 15 S RED
(2000 — 3000rpm) L, ZO EiFE0.5mlic7k 20 ml %
BIMLA0b, 350nm CRAELZRELRKICL-T
EEBAEMLA. $LBEEAEST ROV YA LVE
Tr= bR OhE L > TRIBOBRIELTIVEREL
7z,

> Y A 7 VERRE — BERYRE
2 AT VERE - RERE AT E
=pug WERAEE

X g BRHENEH

BEEEICE+ R 7 7 F 90z ) v (0m
/dl,Merck) Z=H 7.

2). riElEE

EBHASD BLUCEEBVLWAI_RTEE s ot

EI——————




ABBEROBECHET 575 199

757 4 — CHEBREOFEIEE £ E2 0o
LEDb, BEE2EG YISV EPEL-T, )V
eE - EIEEOBE LERICE Y v sBEEEH
WCHEBECIEEREME L. /4, EEHELL
cavAFo—n(50ng/dl , Merck)BLU /¥ 3 F
v# (50 mg /dl,PL — Biochemicals) %\ 7.

7. EHBBEEEOBR4SOER

1). VvoER

King D HEIc & » CTIEED ) vEBEREL/. T
Hbb, EMEREOKIEE (1 - 2mg) i 60% BIEF%
BEMACEATHAL, BOBEMATERICEE
pECHEGLLOL, REH O Y v % Fiske -
Subbarow & ¥ (1 — amino — 2 — naphthol —
sulfonic acid 0.25g %, 15%NaHSO; 100 mlic & &
L, 230T, Na;SO; 0.5g 2L b D) THRE
&¢, 830nm CHEL TEED ) vEERD . HiE
MEELT, Y vEER (Ing/nl, B—(L¥) £H
Wiz,

2). BOEER

TrAany - RREPCEEOERBEAELL, &
HIREOKRIEE (1 - 2m) K7y 2o vEE (BX
OEFICEH) 2MATI0 cT 15 AEmEA L0,
ELLEGORGBRE 62nm CHEBELTEEOHER
kvt BEMBEELTI VI - (20ng/dl,
k) 2BV, EEOMELX /S Vvao—-2BTEDbLI.
8. HRIDT LIS T 4 —ICLBEOHAE

BEER D 4347

—RCHEB 7 o~ b 757 ¢ — THRE & Lo IR
Boy vIEE, EIsE 3 Eo8RHAEE:
HEr s/ —NTAFMELEDS, 2R ENOIEH
OIEBERE TR 702 k757 4 — TR,
1). HEifBo » 7 uqks

5- 10mgDigEICb%REA ¥/ — A 2ml 204
T65 - 70 Cokigrhic 15 BB D5, k5nl &
~NEA Y QnlAMNA TRIL, ZEICHBEL TH 5~
*HVBEED, BEEANROTTHRIEBHEL . BE
EVBDI/ o0 sV ATHERL, Yoty v s
oedba (1:1,V/V)* 2 BERAGRE ¢ 5 —RTE
Bro=tb o7 —ick-TIEHBRAFLZZ2F 0
EREEL-0b, so= b L— b K DIEB A F
IRFLEBL Y Y NN ENEED, ~E ¥ THE
B L crrso=r 757 4 —icHWI.

2). EBBLUHESRHE

AR7w= 757 KERS A v{LHBHED
Y7L 063 2@EHL:. 75 L13EX200m, K
B3mo#sz2ET, 60 - 80 # v ¥ 20

Chromosorb W (AW — DMCS) iz NPGS % 20%
WKa—F4 Y7 LIcbnERE LI, #5L0EEIR
10 ce, ABETULZORER 230 C, REBOEE
220 CTH-1. 3 ¥V THRELTAVWLERY
ZDOHER 00l / HTHY , FR7o= b5 708
HEERGL Y210, Ty 7%~Ya v 16 TH »
7.

3). EEBoEHBIUER

ARy o= bs5nhsEHREEEOBRIEN®R
ZEET 270, T hENOEHBAFVIZIFLO
AR A, # X 7 o @ Analytical reference
standard kits (Methyl ester kit ES — 9 (Even
carbon, saturated), Methyl ester kit EU — 11
(Even carbon, unsaturated) # & UF Methyl ester
Kit OS — 8 (Odd carbon, saturated) - # 27 o
T¥) 2A0THhBEL..

i, BREVHROSRI2Y -7 EROAH %
100 LTESR (%) TRbLAL. Thbb, £~7
HE (FEREXE-78) 220 fholglBgicoun
TRDIDS, - EREEHLTI00 & L.

9. HIEBEOHMREOHNRI/IOTIMTIS T4 — 12

&L 3547

HEIRE OB HAEMA 9/ ~ AV TREBL 2O
B, PYAFALYY)MEEMCBNTHR oS
57 4 — TN,

1). EOrYxFry Y (TMS) {Lik®

5 - 10ngDHEREEZ 5% M2 4/ — v I ml &3
KHE LT 100 CT5EEMELDL, Amberlite
IR-4B(2* %/ —NVTHELIZED)] nl2NZ TH
Brelx, AlRE 100 CTRE SR, BB Lol
EN)Yy, 0.2nDNFH A F LI Y SHFYBIY
0.lmldO by 2 FAr7oavsrE2MATH - 70C
KN AMBE 0L, FRBD/vasva bk (6nl
i) #MATEMNL, ZBESHBLTHASTREE -
TREZRZ L. COREXDVEO Y7 ootLsiliE
BLTHARAZ o2 bS5 7 4RV

2). HREBIURERG

ATEFL 063 #2057 ORERAL v
bt =) 2@RALE. #520E5200m, A
E3mT60 — 80 # v ¥ 2d Chromosorb W (AW
-DMCS)IcSE -0 % 3% ica—F4v 7 LicbD
ERELI.

H5ADBER 19 CT, RBKILZE0RE I 300
C, RHBOBEERCTH7z. #+ ) THRE
LTHWEERTAOKRIZ On/ BTHO, HR 2
oSS 7 ORHBERL Y ONI0, Ty F R -



200 B[ =]

Table 1. Amounts of total lipids and contents of phosphorus or carbohydrates
in total lipids of streptococci*.

Hemolytic Yields of Amounts of total lipids and contents of phosphorus or
coccal cells
from 10 1 carbohydrates in total lipids (mg/10 g wet cells)**
streptococci culture
(g wet cells) Total lipids Phosphorus*** Carbohydrates****
Strain Su 30.5+1.8 1132+ 95 0.86 = 0.05 12.53 £ 0.73
Strain Blackmore 263+ 1.0 88.3+4.5 0.55 £ 0.00 12.50 £ 0.28
Strain C203U 25.4+2.0 104.9 + 7.7 0.83 £ 0.04 13.20 + 0.14
A viridans strain 16.7+ 1.8 43.7+£0.5 1.00 = 0.05 - 2.390.02,

*Streptococci were grown in Wood and Gunsalus medium at 37°C for 12 hr, and the total
lipids of coccal cells were extracted with chloroform-methanol (2:1, v/v) at room tempera-
ture.

**Fach value represents mean * S.E. of 4 experiments.
***Phosphorus contents of total lipids were determined by the method of Ki.ng%).
****Carbohydrates of total lipids were examined by the anthrone method?’B), using glucose as a
standard substance. Values are given as glucose contents.

avM3ILThHh-7o.
3). HEoEH

AZra<wbh 35 ahsEHEREEEOEEEE2R
BT 20, MY XFLY Y L 0B R Lio
EHZsu= bS5 L LDy — it WTIEEYE O
(TMS D — Galactose & TMS @ — D — Glucose O
(22 oTH)) 2HOTHEL K. - Ls

54 i

1. HEEBEOU VIEELEIEE QLs
ARE O ISR 2 6K 10g (BER) 1250 90 L oL
— 110 mg T, Su B, Blackmore F& ¢ C203U & DR L2 Q
RERFLLVWEEREEDOREL o7/ (R]1). £/, 4 L
ERIEHOEO SR 1E YA L THEE 0g KoL T o
13ngTH 7. Lo L. Sulis & o C203U MolsH
DY vyERBMPS gHI R TH s DXL,
Blackmore @ ) ¥ &3 0.5 me THhOE#ER LD b

Lo

Pizhodo, A, BEBEMREOCORIEE 3 4 g
/0g EEEED 172 THD, VyEBI 1ng, BESE
2. 4ngEEEEIC SRT, DIRDRIL- TV,

Fig. 1. A two-dimensional thin-layer chromatogram
of total lipids from a hemolytic streptococcus,
strain Su. The total lipids were developed in

PlEotnd v VIEESH 2 WIiZEEE O &8 I3 Bk chloroform-methanol-water (solvent A; 65:25:4,
Kh - TRE-TWE, 20T, HEEREO Y “I5E by vol) in the x-direction and then in diisobu-
BLUEEEBOBELHMB /oo /574 —BL U tylketone-acetic acid-water (solvent B; 80:50:10,
e e PO TR T 5T 4 =ik > THENT, KO by vol) in the y-direction. Spots were detected

with iodine, followed by staining with phospho-

3 8 . T+ VA — .
MEREER. 78 mEN Ay =K molybdate. Numbers refer to those in Table 2.

(65:25:4,V/V) BEU YA v TF i+ v« BElE -
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Table 2. Chromatographic characteristics of lipid fractions of a hemolytic streptococcus, Su*.

Spot Average Rf values in Color reaction by spray reagents**
Lipid classes
number  gojvent A SolventB R1 R2 R3 R4 R5 R6 RT
L1 0.27 0.17 + + + + - - —  Glycophospholipids
L2 0.43 0.28 + + + - - - —  Phospholipids
L3 0.56 0.34 + + - + - - —  Glycolipids
L4 0.67 0.41 + + + - - - — Phospholipids
LS 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 + + - + - - + Neutral lipids

*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
diisobutylketone-acetic acid-water (solvent B, 80:50:10, by vol), and the spots were de-

tected with various spray reagents.
**Spray reagents:

iodine (R1) and phosphomolybdate (R2) for lipids; Dittmer-Lester reagent

(R3) for phospholipids; anthrone reagent (R4) for glycolipids and sterols; ninhydrin reagent
(R5) for amino group; Dragendorff reagent (R6) for choline; antimony (R7) for stexols.

K(80:50:10,V/V) 2 BEEER 4+ 2 Rk ciEEs o
RrT5 74—tk - T, SUBOKIEE I 10 HD 2
Foy b (L - L) o (K1), cnsonll
Ho 2R 5 b OSERBRE T ZRINER(EZ2)
o, RE 5 b L L BEUL G VIEETHY, R

Fo b L& Ly 3EEIEETHD, REy ML I3HEEY
vESUEEELERE AN, £ 72, Blackmore i &
UC203UoIEEo Ik @ s o< b 735 &
3, SufifdisEo s o=t /5 2B LTED, Y
VIFESHEISEOBENSA L TH - 2. L L, &
EHRFORIEE 13 BB I X - T I @D 2
Foy Mot h, SURDEHEA& L BRE - T, Fito
EIREDA 7 v 2o vEREBICBHERIGERT 5 2 &
v PR W EN (K2 - GLD.

ZRGEB o= b 37 s —ik s TS R
oDy VIEEF 3HEIEEO 2 OIEERS % E
ETB7:017, BEAOET & A {biE & OKIEEY
ROWTITH »fe=n— e 702 b 7357 4 —DK
MEIEI RIS TH- LY. T7Rbb, )V VIEHE
LLBLULidznrholkT » vk s L Ok
BEYDH S, R 277 F AT )0 —0, YRR 7

@

o
@)

0 PL,

OGLs
(OPLs
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Cj)()Gu
PLIO o
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p—
Lo

Fig. 2. A two-dimensional thin-layer chromatogram
of total lipids from a hemolytic streptococcus, a
viridans strain. The total lipids were developed
with two different solvent systems as described in
Fig. 1, and spots were detected with iodine and
phosphomolybdate. PL, phospholipids; GL, glyco-
lipids. ‘
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Table 3. Deacylated products and hydrolysates of phospholipids and glycolipids of streptococci

Spot " .
aumber Deacylated products and hydrolysates Identified as
L1 Diglucosyl glycerophosphoryl glycerol, Diglucosyl phosphatidyl glycerols
glycerophosphoryl glycerol, glycerophosphate,
glycerol and glucose

L2 Glycerophosphoryl glycerol, glycerophosphate Phosphatidy] glycerols

and glycerol
L3 Diglucosyl glycerol, monoglucosyl glycerol, Diglucosyl diglycerides
glycerol and glucose
L4 1, 3 diglycerophosphoryl glycerol, . Diphosphatidyl glycerols
glycerophosphoryl glycerol, glycerophosphate
and glycerol
LS Monoglucosyl glycerol, glycerol and glucose Monoglucosyl diglycerides
L6 Glycerophosphate and glycerol Phosphatidic acids

*Streptococcal phospholipids and glycolipids were deacylated with 0.1 N KOH or hydrolysed
with 0.1 N HCl and 3 N HCl, and the deacylated products and hydrolysates were examined
by paper chromatography one-dimensionally or two-dimensionally with various solvent
systems. Carbohydrates of streptococcal glycolipids were also examined by gas-liquid
chromatography after hydrolysis with methanolic HCL
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Table 4. Contents of phospholipids and glycolipids of hemolytic streptococci*

Lipid contents of hemolytic streptococci (mg/10 g wet cells)**

Lipid classes
Strain Su Strain Strain C203U A viridans
Blackmore strain

Total lipids 113.2x 9.5 88.3+ 45 1049+ 77 43.7+0.5
Phospholipids

Phosphatidyl glycerols 5203 1.7+0.2 2.0x0.1 1.2£0.1

Diphosphatidyl glycerols 13.8+0.9 108+ 0.1 16.9 + 0.7 222+0.9

Diglucosyl phosphatidyl glycerols ' 24+0.2 1.2+0.1 1.7+ 0.1 1.7+0.1
Glycolipids

Monoglucosyl diglycerides 28.0+3.2 10.0 £ 0.8 56+04 1.2x0.1

Diglucosyl diglycerides 35.1+3.0 438+ 2.1 48.7+ 1.8 8.7+0.3
Neutral lipids 28.6 =14 20.8+ 1.2 355+ 8.0 8.626

*Contents of phospholipids and glycolipids of streptococci were determined by the method
of Amenta%),
*¥*Each value represents mean + S.E. of 4 experiments.
**%Contents of phosphatidic acids in 10 g of streptococcal cells were less than 1 mg.

OEEERIAEROFERERE R - T, Ni

., Broy VIEEOERDS 5V IZEREEOE
WAL ERKH LI BL > TV . SuBTRTR 7 Nio ©
FFINT VO =N EES TN T S A :

FOBHMEC, thoEERRomEE 0SBV HIE O
10g AL 1.2 ~ 2.0ng& 10mgBlFTH -7 D iz < Ns
5, SUKITI35.2mgd 28.0mgTH-7c. Fio, £ Nz O Ns
BEBEHECRE, S LI VLY ) 254 FBLY D
SINAYLY T €54 FORK 1. 2ne /10g B & N Ns Ne N7
U8.Tng/10g &, AEHOMISERO 1/ALUT T ‘ OO
Sk, LI, BE/SNIVAYS NI FOEE N1 N3
WEER T LICRE->THB0 (28 mg /10g.10 mg /10g 0
BEUBng/10g), U IS # 7o BEISE O MRLY 18 ’
HFHROBEIC L - TELC R »TL, Fk, & Fig. 4. A two-dimensional thin-layer chromatogram
{ ORI Su P Blackmore TR Y+ X 7 » F of neutral lipids from a hemolytic streptococcus,
NSk =, ELSSNLIVALITYEIAFE strain Su. The neutral lipids were developed in
LU TN vL DTy 54 FREELISERS T ethylene chloride-methanol (solvent D; 98:2, by

. i s vol) in the x-direction and then in hexane-ethyl

rj ? ,czoiau %ﬁﬁéx@fﬁ%@i /’_f R 7 7"‘7’“ o ether-aceticacid (solvent E; 70:30:2, by vol) in
2o —nE DTN YN IS ) 251 FHERD the y-direction. Spots were detected with iodine

BHEThBLERLTVE, and phosphomolybdate. Numbers refer to those
1, EFEBEORMREE in Table 5.
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Table 5. Chromatographic characteristics of neutral lipids of a hemolytic streptococcus, Su*

Spot Average Rf values in Color reaction by spray reagents**
Possible identification®**
mumber  golentD  SoventE R1 R2 R3 R4 RS
N1 0.07 0.07 + + - - - Monoglycerides
N2 0.10 0.40 + + - - - Free fatty acids
N3 0.39 0.24 + + - - -
N 4 0.34 0.27 + + -~ + + Sterols
NSs 0.41 0.30 + + - - - 1, 3 diglycerides
N6 0.52 0.29 + + - - - 1, 2 diglycerides
N7 0.53 0.41 + + - - -
N 8 0.71 0.54 + + - - - Fatty acid methyl esters
N9 0.86 0.70 + + - - - Triglycerides
N10 0.88 0.84 + + - + + Sterol esters
N11 0.93 0.94 + + - - - Hydrocarbons

*Total lipids of a hemolytic streptococcus, Su, were chromatographed two-dimensionally on
a silica gel H plate with ethylene chloride-methanol (solvent D, 98:2, by vol.) and n-hexane-
diethyl ether-acetic acid (solvent E, 70:30:2, by vol.) and the spots were detected with

various spray reagents.

*¥Spray reagents: iodine (R1) and phosphomolybdate (R2) for lipids; Dittmer-Lester reagent
(R3) for phospholipids; anthrone reagent (R4) for glycolipids and sterols; antimony (RS)

for sterols.

***Rf values of streptococcal lipids were compared with Rf values of standard substances.

Table 6. Contents of neutral lipids of hemolytic streptococci*

Lipid contents of hemolytic streptococci (mg/10 g wet cells)**

Lipid fractions
Strain Su Strain Strain C203U A viridans
Blackmore strain
Total lipids 113.2+ 9.5 88.3+45 104.9 = 7.7 43.7x 0.5
Neutral lipids
Monoglycerides 2.7+0.2 1.3 0.0 2.2+0.0 0.8+0.1
Diglycerides 14.4 £ 0.6 10.1 £ 04 13.5+1.1 4.2+ 06
Triglycerides 2202 2902 6.8:0.2 0903
Free fatty acids 3.6+0.1 3.8+ 0.3 6.4 0.7 1.5%2.6
Other components 57403 2.7+03 6.6 + 0.5 1.4+ 0.7

*Contents of neutral lipids of streptococci were examined by the method of Amenta

*¥Each value represents mean + S.E. of 4 experiments.
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Table 7. Fatty acid composition of phospholipids and glycolipids of streptococci*

Hemolytic Lipid Fatty acid composition of lipids (%)***
streptococei  classes** C10:0 C12:0 C14:0 C14:1 C16:0 C16:1 C17:0 C18:0 C18:1 C18:2
Strain PG - 15 15 - 485 126 - 84 210 -
Su DPG - & 82 - 161 - - 151 - -
MGD . t. 34 - 621 27 tr. 232 82 -
DGD . & 10 - 667 14 10 232 68 -
Strain PG - - t. - 83 - - 147 - -
Blackmore DPG - . 83 - 693 96 - 56 11 -
MGD -t 20 t. 591 11.8 tr. 63 208 tr.
DGD . 21 33 - 294 - 14 14 565 tn
Strain PG -t 28 - 427 45 tr. 315 152 34
C203U DPG -t 23 - 352 140 - 93 392 -
MGD - tr. t. - 280 82 - 131 507 tr
DGD tr. tr. tr. - 199 133 - 54 598 18
A viridans PG -t 129 t. 416 73 - 26 356 -
strain DPG 165 tr. 106 tr. 453 53 - 57 165 -
MGD tr. 16 83 13 265 100 - 15 503 -
DGD tr. t. 52 t. 433 104 - 35 378 -

*Phospholipids and glycolipids of streptococci were treated with methanolic H, SO, for 15
hr at 65-70°C. After treatment, fatty acid methyl esters were separated from other sub-
stances by thin-layer chromatography using cyclohexane-chloroform (1:1, by vol.), and used

for gas-liquid chromatography.

**PG, phosphatidyl glycerols; DPG, diphosphatidyl glycerols; MGD, monoglucosyl digly-

cerides; DGD, diglucosyl diglycerides.
**¥{r.: trace amounts (less than 1%).
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Fig. 5. A gasliquid chromatogram of fatty acid
methyl esters from phosphatidyl glycerols of a
hemolytic streptococcus, strain Su.
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Table 8. Saturated and unsaturated fatty acids in phospholipids and glycolipids of hemolytic

streptococci
Hemolytic Lipid Relative amounts of lipids** Unsaturated acids /
streptococei components¥* Saturated Unsaturated Saturated acids
fatty acids fatty acids

Strain Su PG 3.4 1.8

DPG 13.8 0.0

MGD 24.8 3.1

DGD 32.2 29

(total) 74.3 7.8 0.11
Strain PG 1.7 0.0
Blackmore DPG 9.0 1.8

MGD 6.7 3.3

DGD 19.1 24.7,

(total) 36.5 29.8 0.82
Strain PG 1.5 0.5
C203U DPG 7.9 9.0

MGD 2.3 3.3

DGD 12.3 36.5

(total) 24.0 49.3 2.05
A viridans PG 0.7 0.5
strain DPG 12.5 35

MGD 0.5 0.7

DGD 4.5 4.2

(total) 18.2 8.9 0.49

*PG, phosphatidyl glycerols; DPG, diphosphatidyl glycerols; MGD, monoglucosyl digly-

cerides; DGD, diglucosyl diglycerides.

**Relative amounts of saturated or unsaturated fatty acids were calculated as follows:

Relative amounts of lipids=

Contents of lipid components (mg) X fatty acid composition (%)

100
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Table 9. Fatty acid composition of neutral lipids of streptococci*

Hemolytic Lipid Fatty acid composition of neutral lipids (%)***
streptococei  classes** C10:0 C12:0 C14:0 C14:1 C16:0 C16:1 C17:0 C18:0 C18:1 C18:2
Strain FA tr. 26 70 - 510 48 26 213 105 i
Su MG . - 16 - 447 tr. - 447 80 -
1,2-DG 88 14 23 tr. 257 90 - 93 425 -
1,3DG 719 t. t. - 144 t. - 56 63 -
TG tr. - 63 - 443 - - 342 149 -
SE - - 73 - 317 43 - 306 219 3.0
Strain FA tr. t. 45 - 415 126 t. 169 189 3.2
Blackmore MG tr. t. 30 - 287 64 . 315 209 5.5
1,2-DG tr. 24 13 - 442 161 t. 64 229 trn
1,3-DG tr. tr. 38 - 375 133 - 117 325 1.0
TG t. 12 95 - 525 109 14 104 108 tr
SE tr. tr. 75 13 585 68 +tr. 166 63 -
Strain FA tr. t. 30 - 408 t. 17 510 3.0 |t
C203U MG tr. tr. 32 - 392 t. - 463 107 -
1,2DG tr. t. 32 - 305 80 tr. 164 40.0 1.1
1,3-DG tr. tr. 27 - 347 23 t. 418 156 16
TG tr. tr. 67 - 455 tr. 1.3 444 "t tn
SE tr. tr. 134 - 543 tr. - 318 tr. -
A viridans FA t. tr. - tr. 767 48 - 124 55 -
strain MG tr. tr. 43 14 331 43 - 293 206 6.2
1,2-DG - tr. 231 tr. 412 63 - 22 220 -
1, 3-DG - tr. 102 t. 669 38 - 93 16 -
TG -t 125 21 551 100 - 154 41 -
SE . 27 128 12 476 17 - 214 6.0 it

*Neutral lipids of streptococci were treated with methanolic H, SO, for 15 hr at 65-70°C.
After treatment, fatty acid methyl esters were separated from other components by
thin-layer chromatography using petroleum ether-ethyl ether-acetic acid (90:10:1, by vol.),

and used for gas-liquid chromatography.

**FA, free fatty acids; MG, monoglycerides; 1, 2-DG, 1, 2-diglycerides; 1, 3-DG, 1,

3-diglycerides; TG, triglycerides, SE, sterol esters.

**¥tr : trace amounts (less than 1%).
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Table 10. Lipid composition of hemolytic streptococci

Lipid composition of hemolytic streptococci (%)

Lipid components

Strain Su Strain Strain A viridans
Blackmore C203U strain
Total lipids 100.0 100.0 100.0 100.0
Phospholipids
Phosphatidy] glycerols 4.6 1.9 1.9 2.8
Diphosphatidyl glycerols 12.2 12.3 16.1 50.9
Diglucosy! phosphatidyl glycerols 2.1 1.4 1.6 3.8
Glycolipids
Monoglucosyl diglycerides 24.7 11.3 53 2.7
Diglucosyl diglycerides 31.0 49.6 46.5 20.0
Neutral lipids
Monoglycerides 2.3 1.5 2.0 1.8
Diglycerides 12.7 114 129 9.5
Triglycerides 1.9 33 6.5 1.9
Free fatty acids 3.2 43 6.1 3.3
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Studies on the Lipids of Group A Hemolytic Streptococci. (I) Lipid Composition of Hemo-
lytic Streptococci Kousaku Kitajima, Department of Pharmacology, School of Medicine,
Kanazawa University, Kanazawa 920 — J. Juzen Med. Soc., 90, 196—213 (1981).

Key words: Hemolytic streptococci, lipid composition, fatty acid pattern, phospholipids,
glycolipids
Abstract

Lipid composition of four hemolytic streptococci (strain Su, strain Blackmore, strain C203U
and a viridans strain) was examined by thin-layer, paper and gas-liquid chromatography.

Streptococcal cells were cultured in 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 (yields of
total lipids from 10 g of wet cells: about 45 mg for a viridans strain and 100 mg for other strains).

By two-dimensional thin-layer chromatography, the total lipids of three strains of hemolytic
streptococci (Su, Blackmore and C203U) were separated into 10 components, 4 of which were
phospholipids and 2 components were glycolipids. However, 3 glycolipids were found in the
total lipids from the cells of a viridans strain. On the other hand, free fatty acids, glycerides and
sterols were found in the total lipids of the streptococci examined. According to the paper
chromatography of water-soluble deacylated products and hydrolysates of each component, the
phospholipids of three streptococci (strain Su, Blackmore and C203U) were identified as dipho-
sphatidy!l glycerols, phosphatidyl glycerols, phosphatidic acids and diglucosy! phosphatidyl
glycerols, and the glycolipids of these streptococci as diglucosyl diglycerides and monoglucosyl
diglycerides, respectively. The phospholipids and glycolipids from the cells of a viridans strain
were similar to those from the other streptococci, except a glycolipid identified as triglucosyl
diglycerides.

The quantities of phospholipids and glycolipids, however, markedly differed with the strepto-
cocci examined. Two hemolytic streptococci, strain Blackmore and C203U, contained a large
amount of diglucosyl diglycerides (about 50% of total lipids), and the contents of diglucosyl
diglycerides and monoglucosy! diglycerides in the cells of Su strain were about 30% and 25%. In
contrast, the glycolipid contents in the cells of a viridans strain were about 20%. Diphosphatidyl
glycerols were a main component in the cells of a viridans strain (about 50%), whereas the
amounts of this phospholipids in the other streptococci were 12-16%.

In addition, a significant difference was found in the fatty acid pattern of phospholipids and
glycolipids among four hemolytic streptococci. The ratio of unsaturated fatty acids to saturated
fatty acids in these lipids was 0.11 for Su strain, 0.82 for Blackmore strain, 2.05 for C203U
strain and 0.49 for a viridans strain, respectively. Fatty acid pattern of neutral lipids of hemo-
lytic streptococci was similar to those of phospholipids or glycolipids.

These results indicate that a marked difference is found in the quantities of phospholipids and
glycolipids or in the fatty acid pattern of these lipids among four hemolytic streptococci.



