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EFFECT OF SEROTYPE SPECIFIC GLYCOPEPTIDOLIPID (GPL)
ISOLATED FROM MYCOBACTERIUM AVIUM COMPLEX (MAC)
ON PHAGOCYTOSIS AND PHAGOSOME-LYSOSOME FUSION
OF HUMAN PERIPHERAL BLOOD MONOCYTES

*Yoshinori TAKEGAKI

* Department of Bacteriology and Urology, Osaka City University Medical School

Mycobacterium avium complex (MAC) is a typical intracellular parasite similar to M.
tuberculosis and is one of the most important pathogens that coinfects AIDS patients.
Attention has been focused on M. avium infection causing immunosuppression of hosts.
Specific serotype—subspecies such as 1, =4 or —8 serotypes can be isolated frequently in
humans infected with HIV. Furthermore, the prognosis after infection differs depending
on the serotype. Serotype-4 in general shows unfavourable prognosis, while serotype-16
yields rapid recovery. Therefore, we have been interested in the immunomodifying activ-
ity of the surface glycopeptidolipid (GPL) antigen. However, no information has been
available to date dealing on the virulent factor of MAC that is directly related with
intracellular bactericidal activity. Recently, we have tried to test the effect of various
GPLs purified from MAC on phagocytic processes of human peripheral blood monocytes
(PBMC). We have used GPL-coated heat—killed staphylococcal cells to be phagocytosed
by PBMC, and phagosome-lysosome fusion (P—L fusion) was estimated by the acridine
orange staining of fused vesicles and bacteria. Results showed strong promotion of
phagocytosis and marked inhibition of P-L fusion by serotype-4 GPL, while neither pro-
motion of phagocytosis nor inhibition of P—L fusion in phagocytic cells were shown by
serotype—16 GPL. Serotype-8 GPL showed concomitant stimulation of both phagocytosis
and P—-L fusion. These effects may be due to some unknown interaction between specific
carbohydrate chain and organella membranes and serotype—4 GPL may be one of the
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possible virulent factors in MAC. Comparison with known possible virulent factors such
as trehalose 6,6’ —dimycolate (TDM), trehalose 6-monomycolate (TMM), glucose 6—mono-
mycolate (GM) or sulfatide was also reported.
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MEE I LD LT IMBRERIER, 5% BRERED
MTEELMVEZ HGDTBY, S5HI0EF, ABEEKE
DA IR RIPTBEH IZ & 5 RIHUED B IMOMEIZH 5
1T b Mycobacterium avium complex (MAC) i3,
AIDS BEICABL, FRICHELS 2 5 HMRIEGIE
ELTEEERTWS DY, MAC i, MIlBRERS T
# 5 glycopeptidolipid (GPL) DHURMEDE W IZEE
SE, HLdBEOMBERIZHBEENDEHY,
AIDS IZBWTIX B EQOMER, 21, 4, 8B 5
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EwbhTsh, MEMEREROBRINER ShTw
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REEFNEEERIZTIEFNONA TS O~10,
MACH~7u77—JICL2EEERY RN, MEXN
THELRHED 2 BEFIZOWTORFEIIN L 29d 27,
ZOERBIIVELCRHALZ BN SV, T2, ThHD<s
07 7 — Iy A PUREER, MAC OIFERIZ L -
TENHLIEFMOENT VS,

4, MACOMIERIEIC BT 5 FEEDE NI
MAC D& IR % R IZRET 2 MER-RS TH
5 GPLABBRLTVWAEDTRZW2EEZ, GPLO®
b FHEKIC L 5 A AEDB L U phagosome - lysosome
fusion (P-L fusion) ZRIZTHBIIOWTHE L7,
H#$ 5 GPL & LT, AIDS KIBEIORIEHE
WAEES N, R FENEVNEVDRTWS 48] B
BB \C B S N2 SRR 4 BIC TR I &
NTw5 88, BIURBMERICKIELLT K FRIE
BnEEhTwa 16BICOWTRE L7,

¥ 72, cord factor;trehalose 6,6 -dimycolate
(TDM) 3 & U sulfatide i, LIRT & 0 & E OB H
FelLTHmbRTWSDS, P-L fusion IZRIZTHE
LTI, LHICHHlT s e w ) HENBHAE SN, »
FE—FORBIFESN TRV, 22 T4E, GPL
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DA, MBEICHEN MR EBEERERT TH 5
TDM, trehalose 6-monomycolate (TMM), glu-
cose 6-monomycolate (GM) B & U2, 3, 6,6 -
tetra—acyltrehalose 2'—sulphate (sulfatide) (22
WTHRIBRICHRES L, GPL &L 7,
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1. MAC 0¥

Hitkid ATCC HROEZ#EE 2 FH 72, MAC D&H
%, glycerol (2mi/l) B & U Middlebrook ADC
Enrichment (sodium chloride-bovine albumin-
dextrose—-catalase : Becton Dickinson Microbiol-
ogy Systems) (100m/l) % & ¢ Middlebrook T7TH9
broth (Difco Laboratories) D#AMARE#T37C 38
PIiRERE R LER L7,
2. GPL OHgE L FR

B, S0EEDOZOORIVA I AT ) — )V (2:1,
V/V) THRE %%, 0.2NKEBLF M) o amx sy
J —)VHT31C, 60 FHIAML, TV RERER
Bz, BoNIRE % Silica gel GEE zu~ M7 J
74— (TLC) 7L — b (20X 20cm, 250 #m : Anal-
tech, Inc.) ETrumkiva 1 A%/ —)v K (65:
25:4, V/V) ZREEBEE LTERL, GPL & TLC
ZFL—bF26EIL, Z7HORVA T AF =NV (2:1,
V/V) T LBBERERLL /-, 228, GPLOAR Y
M, BBEIL72TLC L — b 2885, 50%HiEk % M
£ L T180CThiEFRE &¥, £GPL O Rffib & U'FF
B BARE (86 - EBR) ICTHRELL (Fig .1,

Bkl | 72 GPL &, nitrobenzyl alcohol : tri-
ethylene glycol mono-N-butyl ether (1:1, V/V)
% matrix & L'C, fast atom bombardment mass
spectrometry (JEOL-SX-102) AT & 1TV FIE L7z,

—f%i2, GPL X, Fig. 2 2R3 &)1, RFERK32H
%O IZ, (D)-phenylalanine, (D)-allo-
threonine, (D)-alanine, (L)-alaninol ® 4 @D 7
IBAKEAL, €512 3,4-di-O-methylrhamnose
PREGLERTF FERE* EBOHEL LTRL, Z
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® allo—threonine 7 LM O 7-EGHMEEIC L Y, KMiE
RIDRRICHES NS, 4 B GPL 3K L v, 4-0-
methylrhamnose, 2-O-methylfucose, rhamnose‘,
6-deoxytalose D 4 HOBETH K SN TWw5E, 8§l
GPLdK# & 9, 4,6-(1"-carboxyethylidene) -3-
O-methylglucose, rhamnose, 6-deoxytalose ® 3
TEOYETHER SN T 5, 168! GPL 1% 3- (2" -methyl-
3’ ~hydroxy-4" - methoxy pentanoylamido) 3,6
dideoxyhexose, 4-O-methylrhamnose, rhamnose
245rF, 6-deoxytalose ® 5 EDFETHR SN TS,
3. HEROF#E

AR VAR L 7o E AR %, F&D Mono-
Poly Resolving Medium (ICN Biomedical Japan
Co. Ltd.) EICE# L, 20°C T 1500 rpm 30 43 & .0
L, HERBE 8Lz, 8L 83k% 0.1% gelatin-
Hanks (2T 3 [EI¥EH L7z, 10%IEM@1L foetal bo-

vine serum (GIBCO Laboratories), penicillin G
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Fig.1 Thin layer chromatography
(TLC) of alkali stable lipids isolated
from three MAC serovars. (1) Serovar
4 crude lipid, (2) Serovar 4 GPL, (3)
Serovar 8 crude lipid, (4) Serovar 8
GPL, (5) Serovar 16 crude lipid, and
(6) Serovar 16 GPL. Development of
samples was undertaken in chloro-
formmethanol — water (65:25:4, V/V)
and visualized after treatment with 50%
H>SO,. Arrows indicate specific types
of GPL.
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(100U/ml), streptomycin (100 g/mi) Hl RPMI
1640medium ( HAFAEIEZARFEAT) 12T 5X 106 cells/
m/ DREEIREL 72,
4. MACBEHHOAR

MAC B % 60°CT60MmeL L, sEHEkE L7k,
gelatin—Hanks # T 3 H ¥ L, 1X108cells/m!:
gelatin—-Hanks WMDREIZRE L7z, —J, RMEICL
THONZEErLZ7a0RVA D X5 =L (2:1,
V/V) \ZTHIRRER OIRE % Bk L BUIEE A D 1x108
cells/m/: gelatin-Hanks W DEEIZRE L/-, %K
L 72 BLEREHEM (5X 106 cells/m1) 20041 % cover slip
(13mm, round ; =#i%E) ET3TC, 90 9MA > =
~N— p L7, RPMI 1640 medium {2C 3 \I#E#H L,
I EMABEBRE L7z 2D X 512 LT cover slip b
AT S-S HERIC, EEOBAETER (1X108 cells/
ml) #&4200u] $OFE, 3TCTI, 3, 6 K1 >~
FaNR—pL%, £ F 2=+, RPMI 1640 me-
dium T3 [EIMEH L, BEE 25/ —VTEHEL:, ¥
$#%, Ziehl-Neelsen %5 (TB Quick Stain Kit;
BBL Microbiology Systems) L, BE### (10004%)
THIRKICEESNEHE]A 72,
5. GPL T coating L7z S. aureus DEE

GPLIZA% J —VIZEREL (0.2~25p1g/mi), S.
aureus JEE (1x108cells/mi) LiBML, T/ VK
L= % — I TR LIRS %, gelatin-
Hanks # % i1 X T 14 sonication L, & 512 voltex
T+ EEL, GPL T coating L7z S. aureus Di%
B (1X108 cells/m! : gelatin-Hanks #) & L7z,
LEEAHE 4. LFERICZ LT cover slip LIZftE &S24
Bk (6X108cells/mil) 12, GPL T coating (0.2~25
#g/ml) L7z 8. aureus & (1X108 cells/m!l) %
200pl 3K, 1, 2, 3, AR Y FaR—-FL7z, 1~
Fa2~N— %, RPMI 1640 medium (2T 3 [P L
Totk, A —VTHIRZBEELL, BEE,
methylene blue THefs L, BEAMEE (100017%) 12 TE
ERIEBALZA L LD 100RBFICBVT, 1HEF Y
DOEEY, BLU, 1 EHOBRICEESN-EHREZE
A7z EERIZI0Y C SVOFERHEE LT,
6. GPL T coating L7 S. aureus ® phagosome -

lysosome fusion (P-L fusion)
P-L fusion ®EEkX, Ishibashi 52 & 5\ iF

Fatty acyl-CO-NH-D-Phe-p-allo-Thr-p-Ala-L-Alaninol-3, 4-di-O-Me-Rha

O-oligosaccharide (variable)

Fig.2 Common structure of glycopeptidolipid (GPL) antigen in MAC.
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Fig.3 Time-course for phagocytosis of intact (e) and delipidated
(¢) MAC serovar 4 and 16 by human monocytes. Each point repre-

sents mean = S.E. (n=10)

Miyazaki 5V OFEEZ —HEE L TiTo 7, ERF
4. L FEBEIZ LT cover slip B2 & 72 Bk (5X
108 cells/m!) 12, PBS (HAFEWERZERIZEHT) T bug/
ml 2% L7z acridine orange (SIGMA Chemical
company) %Mz, 37TCTI6HMRIL S &1,
RPMI 1640 medium (BiE#WE A& 5\) T3 HBE
¥L7, ZDXHIZLTacridine orange TH# L 72
B2, GPL T coating (0.2~25p¢g/ml) L7z S.
aureus P (1X108cells/ml) % Fet, 3K A ~
Fa2~— b L7, RPMI 1640 medium T 3 [H ¥ #
L, BREME S 72, P-L fusion i, HGSAMSE (B
E520nm) # AV, EEBIRAZD R E S 1008 E
IZBWT, 1HFF %7 ) OB B X O acridine or-
ange IZRBE N ERER L2, Fl&HVWT, BT
A5 ) —VTHEEL, ¥MEH methylene blue $f L,
HEES, ERBICHEREB L UHBE#M A2, P-L fu-
sion IX fusion index (FI) T&HMfiL, & 512 pha-
gocytic index (PI) %3 % fusion index ? Lt FI/
PLIZDOWT b EFli L 72,
Pl = (AR SN HOBH/ HEROBE)
X (B2 &EL T 5 HIROBE/ HIERDORHK)
X100
FI=(P-L fusion ##&Z LB OKRK/ BEIROBE)
X (P-L fusion 28 L7 BEROBE/ HEKD
B0
X100
7. TDM, TMM, GM B X U sulfatide T coating
L72 8. aureus DEEB LU P-L fusion
TDM, TMM, GM it Rhodococcus terrae 70012
BRER L b, F 72 sulfatide & Mycobacterium tu-
berculosis Aoyama BHRHAL ) HiHERL 2D
2fFH L7, TDM, TMM, GM B X U sulfatide &

S\ Ty, GPL LFAOHETHRE, P-L fusion B
T FI/PLIZOWTEHMEI L7z, 72720, b ORElE
BiE2-7a8)) = VIZER ST b0,

= ES

1. MAC BB X UEHhD» SBRE & % L BilE B4
DHIKIZLHHEE

7, GPLOARICRIZTHELHANDLAENIL,
MAC BAEEOREFERICHBRLTNS Z L 2R
F57-012, MACIHER 4 BIEB L 16ROV
T, intact ZFCHAEL L OB K> SIRE ZBRE LR
BEHA%Z L PAREMERICERESIE, Fig.312<D
BRI ERT. MACMER A RIHB L O 16 BH
X, £ BT 1~ 6 TRENICHEE ARSI ND,
BHhPOIREEZRET L L, ARIFELIHESIN,
T/, 6O v F 2N MCT, MER 4 BIEIZ16
BIBICHNT, IVERBCAESINIEmMEZRLL
(0.01<p<0.05), £ZT, MAC MiER R C BV TH
BRI R 55 S SR 2 MRS GPL DY,
HIRICEAEEICHEEZRIZLTVLEOTRZVREE
%, MAC &#MFMEAEREOREL> > GPL ZHHEL,
ZOARBIIRIZTREIIDOWTRANG,
2. GPL OEAB XU P-L fusion \ZKITT

4, 8 BLU16E! GPL T coating L7z S. aureus %,
&KL, HERE SEMA V¥ a~N— b LTHELZEZS,
Fig. 4 1ZRT X512, 48B L8 & GPL T coating
L72S. aureus 1 & H12, GPL OB 5p1g/ml F
T3, GPL OBERFHICARIMEE SN, GPL Srg/
ml TEAIZ control IZHRTH 2 FIRES N, —
%, 16% GPL T coating L7z S. aureus Tl&, HEIZ
BIHBIRD O NL o7,

HERICLAEEDRIZHEVWTHR Z S P-L fusion IZ
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Fig.4 The effect of GPL on phagocytosis of S. aureus by human
monocytes. S. aureus (1X10%/ml) were coated with GPL derived
from MAC serovar 4,8 and 16 and incubated with human
monocytes for 3hr. The values represent mean £ S.E. (n=10)
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Fig.5 The effect of GPL on P-L fusion of human monocytes. S.
aureus (1X108/ml) were coated with GPL derived from MAC
serovar 4, 8 and 16 incubated with human monocytes for 8hr. And the
fusion index was calculated. (See materials and methods) The val-
ues represent mean*S.E.(n=10)
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—7i, 168 GPL T coating L7z S. aureus T, FI

720

ULD#ERLY, S aureus DHAARKIEIZ coating
L7248 GPL i, HEKICER SN/, P-L fusion
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PRE ST LERPRO SN, T2, 16BIGPLIZP-
L fusion IZHEZRIZ& L h o7z,
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Fig.6 Comparative FI/PI ratio induced
by GPL of MAC serovar 4,8 and 16.
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Fig.7 The effect of TDM, TMM, GM and sulfatide on phagocytosis of S.
aureus by human monocytes. S. aureus (1X108/ml) were coated with TDM

(A), TMM (B),

GM (C) and sulfatide (D) and

incubated with human

monocytes for 3hr. The values represent mean+S.E. (n=10)
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16% GPL Ti%, PI, FI & b4 BE RIZS h o
72DT, FI/PI blEIT—E L % o7,
3. TDM, TMM, GM B X Uf sulfatide DEEL &
' P-L fusion IZRIZTEE

PUERH IS8 2 Mfa R EHER E > TH 5 TDM,
TMM, GM 8 & U sulfatide @, HERICLZ2EEB X
U P-L fusion IZRIZTHBIIOWTHNL, Fig. T
R & DI, TDM BL U TMM T coating L7z S.
aureus TlX, & 12 TDM B & U TMM DREARTER

ICEEIZHH S N/2AS, GM T coating L7z S. aureus
Tk, ARCRCEBERD O P02, 12,
sulfatide T coating L 72 S. aureus Ti&, sulfatide
DOWEERFHCARIRE SN,

Fig.8 127" 3 & 912, TDM B & U TMM T coat-
ing L7z S. aureus Ti&, & 12 TDM 8 LU TMM
DRI FIIZET L7245, GM T coating L7z
S. qureus Ti, FICHIZEELZZEIRDO LN 2D
72 ¥ 72, sulfatide T coating L7z S. aureus TiZ,
sulfatide DRI FIIRET L7z, DLEDKR
Xy, TDM, TMM B & U sulfatide (& b2 P-L
fusion % BEZE (2K L7245, GM & P-L fusion IZXf
LCHRICHBERIZES ah o7,

FIRE FI/PLICCEMET 5 &, Fig. 9 I0R¥ £912,
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Fig.8 The effect of TDM, TMM, GM and sulfatide on P-L fusion of human
monocytes. S. aureus (1X108/ml) were coated with TDM (A), TMM (B), GM
(C) and sulfatide (D) and incubated with human monocytes for 3hr. And the
fusion index was calculated. (See materials and methods) The values represent

mean+S.E. (n=10)
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Fig.9 Comparative FI/PI ratio induced by TDM (A),
TMM (B), GM (C) and sulfatide (D).
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& DI FLIZIRERFNIET L7225, PLORBICET
LTWwBDT, FI/PLIZIFIZ—E L ko7, 72, GM
i, PI, FILHICBE RIZE 2 >72DT, FI/PI
b—EE Lo, —F, sulfatide TiX, 4% GPL &
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£ £
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EDREFNIFRBERIETH o7, L LAAS,

AIDS BETIL, HILEB LI URELZMESREL L,
EHOBEERERRENEHEIT LEELT 2 ENEE D
BB, F, HIREBHEILD LT AL DL RE
2R L CHIRRIEIMSE R R A0S, ERE DR
ENTVRVOFBIRTH B,

—7%, MAC &, Schaefer & (2 & 1L I i & £ KIS
WED 20U LOBICHSINTEBY, BEZTIZ8E
DIFERPHE SN TV BHY, b b2 S DK
BIERICE > TR A 0, BlziE, AIDS A& Tk
1, 4, 8EIDOFHEREDR <, 4 BIIZD50~TT%
rEOLEHEINTYSE Y, T4, MERIZX YL
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—77, Brennan 5, 77 2EMME O Lipopoly-
saccharides ® O VIR & FORBEFWEE % FD,
MAC #Ifa%8 L1 layer ® C-mycoside IZ&FE N5
MiERHE glycopeptidolipid #UE (GPL) D&%
BAHTL, ZORELEEBEOMEALHALMIILTE
721918 |  GPL i3 lipopeptidyl-O-methyl rhamnose
#I@EOHEE L LTHD, allo-threonine 2> Hf U7z
oligosaccharide BT ¥ b — 7 & & V), & IiEE A4
RWICRES NS,

INnETIZHSNTWA GPL ORIEHEME L LTI,
O™ 4 ® GPL X, JEHERI97% mitogen IR
T2 U SBROGEKSEINHT 5 DY @MmiFEE
4% GPL B X U'Z® lipopeptide fragment i¥, ¥ 7
077 —Y0C3bifMEL Ty —DRBALHH L,
7z, =077 —JIR LT TNF EEERADTSH 2 19,
BEDHEFHRINDEDOATH 5,

MACH= 7 a7 7=Vl LABEER RN, MR
WNTEEXLZPLZLEFELLTE, Ovrur7r—YRN
WZHUY A E 7z MAC A P-L fusion 2Pl L, K f###
%0 phagosome ~“DBIT & HET A E RO,
®@7:L 2 P-L fusion I > TdH, WHhEHEZED
electron—translucent capsule 25, VYV —ABEED
HENORELHTF22, @vru 77— JRIZID
A F N7z MAC % superoxide anion O B4 % il ¥
B8 L LOBFEIEE SN TV D, Frehel 5% i,
MAC AW B L Uy M THRE L7sEREEL DI, v7 0
77—=YDOP-L fusion KLz LX), MAC
DHIBERB IS H 5 MR EER 5745 P—L fusion @
WIS LT TRZVALIERL T2,

4AE, FHEE, MACICHAELMBRBRSTHY,
FIERIC R GPLICEB L, GPL o b HEER
WCEBAEEB LU P-L fusion K RIZTEEIZOWT
WEf L7z, ZO8ER, 48 B X8 & GPL T coating
L7z 8. aureus CEHE IR S /2%, 168 GPL T
BERIIFICEEE RIZE o2 L &), ZIiEE
BICBIT A AADEIC, GPL 2S5 LT3 EEHEA
RNz, —f%IZ, =707 77—Vl kb EHNO
BRI, BRMEROBKMEIC L 2BFENHITON, ME
OB EREINPLT I LIMHBET L LD TS,
SEFV7z GPL BIC BT 2BUKEDEN D, #E7 o
T bhTT T4 —ORRLY, BOBKEIE DA AR
GPL, XRIZ16% GPL, H&bBEAEI G0 8 &
GPL :E2 605, LAL, ZOBKEDENZ, 4
FR L7 GPL O&RICKIZTTHZEBOECEHAT 5
ZLIITEY, ZOBFRIAHTHL, T2, ERIM
# 4 % GPL i3 P-L fusion ¥l L, 8% GPL T
P-L fusion DMREEN D0 %2 HHAT LI LIETE

OB BT BL1E

v, SRIOERIZHVFEREOH T, P-L fusion
DREZBEDZDIZ 8 GPL 21 Th o7z, 88
GPL OHESE O XM 21X 4, 6- carboxyethylidene 4%
HY, BREHEREL 2> Tnb, Z02=— 7 HERME
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