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STRUCTURE AND ANTIGENICITY OF THE GLYCOPEPTIDOLIPID ANTIGEN OF
MYCOBACTERIUM AVIUM-INTRACELLULARE COMPLEX (MAC) SEROVAR 16

Keiichiro NISHIKAWA ™

The characteristic lipids and specific surface antigens which typify serotypes of Mryco-
bacterium avium~intracellulare complex (MAC) serogroup have been examined. The char-
acteristic lipids are recognized as glycopeptidolipid (GPL) antigen consisted of short-
chain acylated oligosaccharides linked to long—chain fatty acyl-D-Phe-D-allo Thr-D-Ala
-L—alaninol-O-3, 4-di-O-methyl rhamnose ‘core’. The lack of information on the proper-
ties of GPL antigen from serovar 16 and a large number of patients infected with MAC
serovar 16 have prompted an examination of the chemical structures utilizing the analyti-
cal techniques of alditol acetates with GC or GC/MS, and making use of FAB/MS and
'H-NMR to analyze the intact GPLs. The following structure of serovar 16 GPL antigen was
proposed with molecular weight: 1933, main fatty acyl component:OH-C32:0, and
oligosaccharides :

3-amido (2’-methyl, 3’~hydroxy, 4'-methoxy pentanoyl) 3, 6-dideoxy hexose— 4-O-methyl-
L-rhamnose— L-rhamnose— L-rhamnose— 6-deoxy-L-talose

The unique structure may be an important factor in physiological and pathological roles.
The GPL antigens were highly reactive in ELISA against sera from rabbits hyperimmunized
with MAC strains, indicating its basic antigenicity. The type-specific antigen of serovar 16
was also specifically reactive against sera from patients infected with MAC serovar 16, but
invariant core was not. Apparently, the epitope of GPL antigen of serovar 16 was specific
oligosaccharides, 3-amido (2'-methyl, 3’-hydroxy, 4'-methoxy pentanoyl) 3, 6-dideoxy
hexose. It was found that the ELISA using GPL antigens was particularly useful for the

serovar diagnosis of human infections with MAC.
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W, PiBREPHOREEDOHF CTEELMEL LDT
XTBY, FERHBEEIC X 2 BREELHINOMEMIZH
%, e TH Mycobacterium avium~intracellulare
complex (MAC) %, & M2 oa3BESn oI EERPIER
HWOT0%UER DB Z EFHELPIZERTEY VY,
BRKIZBWTIIERE AIDS KB 2 BMREEDOEE
ZEREE LTEBEINRTBY I Y, KBV TH
TAEMIMERM 2RO TS,

MAC i Schaefer (2 & 2 8£BPUERIC & Y 2020 1
OHERIZHS SN TB Y, BIET T8O MiEE A
EINTWE DY, AIDS 2BV TIREESEDIMER, 1
WA X ZBRESEESE , AFTIIMFER 18, 4
BB LOCIHOFHEENS W & L, MERME YV
LY ADBEBZFRESNTWS, LaL, MAC ZES
BHEOH T Runyon SEENHEORE (FEXHEE non-
photocromogens) 2B L, SRR ICIIRIEM L E
TAHOBEECMEROREIIHEL B 5,

Brennan 5 9 ~ 0 [ 3IRERIGIEBERE O EFHRE O
B, ®EsO~br 57 4— (TLC) Fi & HHUEME
FRE DS B & CEENZ M OLERZ R L TBD,
MEHFERRTF FEREIE (glycopeptidolipid,
GPL) OBESMHPEETHL L LT, Thb0E
FPHOLPIZLDOOH B, L LKIELL D GPLs D
BIRHATH ), BEREPFLEINTND, FMFEER
R BERIGR TLC 7V — b E®D GPLs ® Rf ED AT
RET S EIEBELFHENDHY, b FLEHWH LD
HEWRL D GPLs M Lo 2 FE CMER RE
PIbNT &N, EREBHEERRLT2OREIDIE
BLBWENE TN TN,

Tkawa 52191, By ($FI278) ICBWTHER E
RRY, EREEFI BB L GPLs 2R E L
THW72 ELISA #:12 & 3 MER O REZWEOF %
ERELTBD, b MBI 2 REZEENDIEHOT
REMEATRIZ S Tz,

ZZ T, MAC O TARIBIZB CTHEN 5 M5 E
HEL, VUEHESRIZHL P TV MER 168 GPL
DEBEREENERDFEB L UH 7212 intact GPL %
V7 M F ALEESHTE (fast atom bombard-
ment mass spectrometry, FAB/MS) TH# L,
FOREHBEEZFEL, e MO0 HEEINS MAC IZ
oW, E#HE GPLs & BE MiE % f\v:7z ELISA &%
W2, MmiER16E GPL 2 H.O I KIS e L7,
ZO#E, & MAC BEUEICB W TR 16% GPL
X16R BE Mg & DAERMIIKIST 5 Z EFHL L
%Y, EMIBHETEX B I LAWREEN-OTHET 5,

OB BT3B 4T

EBRMB S LUHE

1. VBB ORE#B LU GPL OFH

MAC Btk ATCC HRDIERE % AV 7z, MiFH
4% (ATCC 385767), miE#l 6% (ATCC 35773), I
EEIQ R (ATCC 35774), Im{EEI12E! (ATCC 35762),
miER 148 (ATCC 35761), MmiER16%E (ATCC
13950), MERIITE! (ATCC 35763) DFNEN% ;Hy
broth 3 & Uf Dubos O# AR #T 37°C 2-3 AR IRERE
FLEW L, £RK, BEPL7UTRVA X8/ —
WV (2:1, v/v, 20ml/g) THRIRTISKHEE LML L,
ZDRRE%0.2 N KB LF + ) T AR Y ) =V TIT1C,
6045 A% L FEBR C pH % 151E L7z,

XIZTLC 7L — b (Uniplate, 20X20cm, 0.25mm
: Analtec, Inc., Delaware, U.S. A.) ETr ook
Wb xF =) K (60:16:2, v/v) * BEGBEL
LTRBHAL, 3—-FEKRCELLTHAZI T,
GPL%Z TLC 7L —F2bEILZBO0FRNVA : X ¥
=N (2:1, v/v) THIHE# L7, BRAL/ZARY
MIEREH#50%FhEE % HE L C180CTMRFEE L, &
i GPL O Rf 2 26K6 (HBE—-286E) 12T
HERR L7,
2. GPL D¥EHBLODHT

MHE® L7 GPL % 2M3 7 v {LEEEEH T 80°C 60
S—120C 2 MO T4 MHE2E R KEL, NaBH, £
721 NaBD, T25C14R I EIcHk, HKEERRE I3EK
FEREAFERBLITEY VY (1:1, v/v) BTTE
FIALL, H U7z alditol acetate #1.8 m ¥+ ¥ —
# 5 5 TM-2380 (Spelco, Bellefore, PA) % B
Ll Aru< 7574 (GC), #¥RAZ7ux +7
S ITRAARYZ bR M — (GC/MS) 1ZHFT150-
220C (1 C/min) OFESFTICLIVFEELZ, 2B
GC/MS 2B L Tid k&A1 + »fb#E (Chemical ioni-
zation, CI) BLUEFHE A 4+ v 1tE (Electron
impact, EI) BV THKE L7,
3. GPL DfaHBRO5#T

i B L 7: GPL 20.5%3E/M A 5/ — VICHB#EL,
100°C 3 BEfMEL L CAF VT AF ML L 720 BERGEE 2
FNVIAT Wik GC/E/MS I3 T170-250C (1 C/
min) OFEASIICL Y FEEL,
4. GPL O&HBEDIHT

HH B L GPL (124¢g) 2= baXY I VTV
I—): M) ZFLYFY)A—-NVE/-N-TF VLT —F
WV (1:1, v/v) % matrix & L, JEOL-SX-102%—
ENRESREERESHE (Tokyo, Japan) &AW
intact ¥ ¥ FAB/MS iz & D R L7z,
5. GPL ® NMR 5#7
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B L7 GPL 2BEAREBRA ¥ ) -V THERBR
BRBEmZEL, EXEBERIDORLL  EXXER
A5 7 =N (1:1, v/v) I, Nicolet NT-360%
AW IH-NMR S#1i & h g L7z,

6. B-elimination i & 2 A7%EL GPL OF%

M EE LA GPL A%/ — VICHEMBL IN-
NaOH, D,O $ & 0" NaBH, % Jll 2 60°C 14 FI & & L
EERE T LIBREER, sootsiva ok (1:1, v/
v) MR L1400 G, 10RO EZ e RV AR LY
A5Es GPL #iili L7z, 2 BH#&E X FAB/MSIZ& Y
FE L7z,

7. BEEREREIIEORE

Good & ¥ OFEEIZHEV K I % BIE H FE H % 525nm
TODO0.3I2% 5% & 512 Y EREABEEKICREL,
%£0.2m/—1.0m! §0Ft 5 |, 2 NORBREHHIR - HEHE
L G ATIMIERIRS200 A LD S fli & % o 722 & 2 HE
RL-BFRM L7,

8. ELISA i & 2 MEHLEMoRIE

ELISA i¥ Yanagihara 5 ® OB I > TiT o7,

Thhbb MAC OEEE» O HH EEE L /- GPLs %

Ly —VT0.lmg/ml &%B LI ICHEREL, & well
122501 £720310ul T OAN—B 4 CTRE S E12, R
IZIEHER TR L - KRBT T 7213 FRAR 5B & » Hiih
L72GPL® TLC, GC 8L FFAB/MS ##1i2&
MiERI16E] & T S M- R B ME % Tween- 20
) VBRI TR 501l 0K well I2HZ237°C30
SERIG S8 2 RPuk (FLR IgG Hidk, $ie b IgM it
kB LU b IgG Pk, S5008EMM) % 50ptnz,
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Fig. 1
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Thin layer chromatograms (TLC) of
alkali stable lipids from some sero-
vars in MAC. Plate was developed
with a solvent system of chloroform-
methanol-water (60:16:2, v/v) and was
charred after spraying with 50% H,SO,.
Numbers on the TLC spots show type
specific glycopeptidolipid antigens.

X-1 X.2

Fig.2 Gas chromatograms (GC) of alditol acetates of GPLs from MAC serovar
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X1:3N Acetyl-3, 6-dideoxy Hex M+H
M+H—60]376

316
M+NH,
393
mll .l l b l N l
A 300 500

X2: 3N(2 -metyl, 3’-hydroxy, 4"-methoxy pentanoyl) IV‘I+H
, 6-dideoxy Hex 520

M+H-60
460
400
J‘_l: [ l .l.. | I
500
X1:3N Acetyl-3, 6-dideoxy Hex M+H

377 (+1)

M-+H-60

317 (+1)
M+NH,
394 (+1)
An l L l' | M |

B 300 ' 500

X2: 3N (2’-metyl, 83"-hydroxy, 4’-methoxy pentanoyl)

, 6-dideoxy Hex

521 (+1)

M+H—-60

461 (+1)
401 (+1) l
AP s . I

100 300 500

Fig.3 GC/CI/MS of alditol acetates of MAC serovar 16 GPL antigen.
A : reducted by NaBH, and acetylated by (CH;COO),0
B : reducted by NaBD, and acetylated by (CDs;C0O0),0
Ionization by NHj gas.

X545 BREH#EE (0.2NNa, HPO, +0.1M 7 = BTH L, RIEIEMT 2D TE—HEOBEEDHA
CBAO-7x=L ¥ Y7 I »10mg+H,0,10u1) %50 TIRFEHOREIRETH 72 (Fig. 1)
pliz ELISA Reader (217 MTP-100) (2 THt 2. IiERI16E GPL DRz

# (OD :492-630nm) %#lE L7z, 1) miEEI16E GPL OREHLEK
o 2 (1) GCHHrofER
miE#R 168 GPL # KBE® 7 F ML LA L
1. TLC/$%—~ alditol acetate # GC TH#T L7z& 25 (Fig. 2),

GPL ZEHEE, X7F FBLUMEHI Y 2 0 miFHE ENHL:1:2 THBHESSGTH S 3, 4-di-O-methyl
THEEHEEIIR L 5, TLC LiZBEHOBEDEWIZ X rhamnose, 6 -deoxy talose, rhamnose ® ¥ — 2 %%
DWHi4 O RIEZRL, RfEICX D MMEE OHE R AT BHEN, 2458 D rhamnose 2 8L 2 L SHL M E
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Abundance 110 f. X-1:3NAc 3,6 dideoxy hexose
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00001 | 99 | L 24 _______|._._§5_8\ 3460
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2000004
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4000004 A8
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Fig.4 GC/EI/MS of alditol acetates of MAC serovar 16 GPL antigen.
A :reducted by NaBH, and acetylated by (CHCOO),0
B : reducted by NaBD, and acetylated by (CD;CO0Q),0

oo E5I24-0-methyl rhamnose & 2 DD %K
HigE (X-1, X-2) O¥—27 s Nz, KiESRMEIC
&0 X-1& X2 0MHIE/L, X-11k X-2 DK
BBEFOREYTH ) X2HBEKROKRAETH S Z
EFHL N E ol FRICITo 2 1ERILTE GPL ©
GCHOMTL B LIz Z A, KHDOANRRLLZ LB
HohEkorz,

(2) GC/MS T OFER

alditol acetate # NH; % Kt H A IZH W T GC/CI
/MS THMFLzE A (Fig.3), X-10 (M+NH,)*

1 m/z 393, (M+H)* ix m/z 37612, X-2 ®» (M+H)*
13 m/z5201C k&, X-1 D7 v F VDS TR
1375, X-213519. FMEENzo F/2X-1 & X2 D
I FEUAOE S A E, T TLC Lo RffEiE
PR ASIER TR GPL WCENT 22 & &, &R
REBEAS N-7 S VL LTHIET 5 L E X b,

RIZ alditol acetate # GC/EI/MS TH#T L7z & &
5 (Fig.4), X-1 13|k, FERBuTKBMA &y £
KEEBR TiX60~ 2970, FEKFEBHEKERETIX63< R

FTODMBEEEAD, DT L XY 3, 6-dideoxy
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Abundance Serovar 16
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Fig.5 GC/EI/MS of short-chain fatty acid methyl esters of MAC serovar 16 GPL antigen.

hexose Th b L E X bz, T47vF VL DL
SFALAY M+H)T 25376 THHZ &, FMmiERILT
BGPLICEBTAZ LD X-1IEN%2EA, C31L
B7 I FEETHL LEX LN, TRROKRIET
5B X-2 1ZFEERIC m/z 1879 5127~, m/z190H% 5
1277\, 603 5V 363V AT ODHEEREDL, DT
EED X2 N-7Y V73 FETED N-7 ¥ VEHK
BERFERIZIE hydroxy EASHET A AL ML o
2o FLAEHTICBVT m/2590FETEI L LY
methoxy EWHFET L EEZ b,

(3) FERHERAG AT DR

GC/MS DIHRER & 0 KGRI AR AR R 735
FETHIEFHELDE Rol20, BUBREBSDRE
BEBITT 57:0 GPL ® X F VT A7 VALIERIEE %
GC/EI/MS ¥ L& 2% (Fig.5), Cl4k b 5Esifl

12 SFA (short-chain fatty acid) -1 8 & Uf SFA-2
PRI &R, SFA-1DOYAE—2 L) MY Dm/z176
PR SN, REHS OBMBEERIELEE (CsHiOy) T
HEZEPHLNE o, FMBID m/z11TL D
DT AREL 72 m/z85, C2& C3THHELA m/z88
PRED LNz, THT & LY EGED N-7 ¥ VALER
& B B 1% 2’ ~methyl, 3’-hydroxy, 4’ -methoxy
pentanoic acid £ E X bz, THOT L XY IMEEILE
%l GPL & & ¥, 3-amido (2’ -methyl, 3'-
hydroxy, 4’ -methoxy pentanoyl) 3, 6-dideoxy
hexose TH 5 L FHE I N7z,

VEX Y miER16E GPL DS E X, 3-amido
(2’-methyl, 3’-hydroxy, 4’-methoxy pentanoyl)
3, 6-dideoxy hexose = 4-O-methyl-L-rhamnose
— L -rhamnose — L -rhamnose — 6-deoxy-L -
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Fatty acyl-CO-NH-p-Phe-p-allo-Thr-p-Ala-1L-Alaninol-3, 4-di-O-Me-Rha

6 - d-L-Tal

L-Rha

L-Rha

4-O-Me-L-Rha

3-amido (2’-methyl, 3’~-hydroxy, 4-methoxy pentanoyl)-
3. 6-dideoxy Hexose

Fig.6 Proposed structure of MAC serovar 16 GPL antigen.

talose EFE &Nz (Fig. 6)o
2) MiERI16% GPL @ ighEE ML

F\AT o 2 MER GPL OB #HT & VY invariant
lipid core (HER;®E, peptido, 3, 4-di-O-methyl
rhamnose) ®E7Z%2FEHBEMAEIX C30:1, C32:1 L
E3Nz (Fig. 5o
3) IMiER16% GPL O&fiEE

Mi5# 165 GPL # intact ® ¥ ¥ negative FAB/
MS TH#FL7-& 25 (Fig. 7), GPL OGFA 4+ 2
S7a MBI SFEBEL-EBEbRS (M-H)T 2 m
/21932 | & h, BEHESOIERTKE > H, TF
N-7 Y V74 &V HEOMREIZ L Y3067 A4 7%\ m/z
1626 ¥ — 7, RiZ 4-O-methyl rhamnose DHRZ
I 160w AL HEVvwm/zl466DE—2, ZFL T
rhamnose DFZIZ & V) 1467 2§04 7 v» m/z 1320,
74D ¥ — 2, & 512 6-deoxy talose DFRFRIZED
146 A4 WI1028D E— 2 B FNEFNRED LNz,
®»Z kX Y invariant lipid core ®FgRiEL & OH-C32
(0 (—EBC32:1BLUCH:0bEL) THY, KiE
BARZOR DTS T4 —THI L TRIERE—EL
720
4) MmiER16% GPL @ 'H-NMR

MiEE16% GPL # 'H-NMR 7 L7-& 25 (Fig.
8), MERiEEY — Z #°1.0PPM 2, 3 M8 ® O-methyl &
12 &0 ¥ —2H33.2-4.0PPM 12, S5 DMLY — 228
4.4-52PPM IZED bz, T2, -2 D5 H1H
DE—ZIZ2ERTHHIENHLN Loz, DK
Bk, WML aldito]l acetate T3 & UF FAB/
MS 12X BT THO AR L B L7,
3. MiER16RIARES GPL D&

B-elimination ¥ CHESH % BERL L 7z MIE B 16 B A 5E
4 GPL (B-eliminated GPL) %, negative FAB/

MS THHFL7zE 2 A (M-H)™ #°m/z 102855k i &
N, 3, 4— di-O-methyl rhamnose DEZIZ L % m/z
854D NIz, TDHT & LY B-eliminated GPL
i3 invariant lipid core TH 5 I EPHALNE LR o7,
4. ELISA 32 & 5 MAC o fiEEREZ W
1) GPL & iZ#RRERRIME & OIS

RS 7% GPL 2#iE L L Good HDF KT
PERL L 7 B R T S R TR % B W C I A BR64045 12
BWT ELISA ETRISHERARE 25, MFERI4E,
9%, 12835 X U178 GPL (& homologous % Ifil{F &
DHRFIE LD IE & 13iE e A ERIGEBD L o7,
Zhiox L T4 EE ST L - miERI168 GPL %, X
WREE D KD HETE D R 7p B IMTER | TRIE HE B SR R BTG
EIEBICTFRERSER LAY, o GPL LidxE
RbE2RETEVWEREENS L AL E R o7
(Fig. 9)o
2) ELISA 12 & 5 BEIMEF OH GPLs HiEDHIE

FRPR>EER & Vi L7z GPL © TLC, GC B XU
FAB/MS 4#712 & 1 g RI16E] & i S /- B MiF
F1 GPLs 12X 2 Hikflix X/ 2 5, [gM BT
T MERFI20-5120 D VT RIZBVWTEE D
GPLs 123 LIZIZABRE O EFRIE LR L, MiER
DOREBEIATETH -7, Thiz LT, IgG BEHG T
13 BB L 3 MERIR320-5120fE DV iz BT h it
EEI16% GPL LBFEMICEEL (Fig. 10), MmiE&A*
ELISA BEIZL Y ETE /2,
3) ELISA EIZ X 2 BEMFEO MFERI16E GPL & A

524 GPL O UMD HBg

RICHEED R 5 1MERI16E! GPL & B -eliminated
GPL %, MEE*L 2T, MERI6RIE L ME L KIS
&4 1gG Pkl # A~/ L =5, GPL Tid lpg TH
265pug LRABICHRNRIGHKBFHR SN, LaL
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_343.4

100
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(M—-H)*
1932 (OH—C32:0)

T T T T I. T T T T T T - I' l T T 1
1000 1500 2000 2500

Fig.7 Negative FAB/MS spectrum of MAC serovar 16 GPL antigen.
(fatty acid component (OH-C32:0) )

Lipid
OCH,4
l'"r—|—-r—'1—|—-
5.0
PPM
Sugars
lI'lIlIl'llllll"'lIllll[llilll]llll
7.0 6.0 5.0 4.0 3.0 2.0 1.0
PPM

Fig. 8 '"H-NMR spectrum of MAC serovar 16 GPL antigen.
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Fig.9 ELISA demonstrating the reactivity of GPLs from MAC serovar 4, 9, 12, 16,
17 against homologous and heterologous rabbit antisera.

oD

~
Ag:2.5pg/well
second Ab :anti-human IgG

] 1/160
1/320
1/640
1/1280
1/2560
1/5120

1111
=
AN
2]

serum dilution

7

=\
GPL-16

Fig.10 IgG antibody titers of patients sera excreting MAC serovar 16 against

various GPLs.

invariant lipid core T& % B -eliminated GPL T
¥, MERR320-51208 DV FhICB W T iz e
AEBDOLNT, GPLOIY b—FI3HEHEEHTH 5
ZEDHLNE o7z (Fig. 11),

* =

WA, FEERGIBEIEGSES AIDS BEY -9, 257
o4 FEEREE, A\LEMEESEEDERHOK
TEHE)BEFIHMLTBYEESRTETWS, 2

TH MACRZOFEFERE TH Y, —MICEHAMET
HEZEDPOEABEOZWIEETH S, MAC 1T BEY
BEORAY - EHWBHAOREGICL Y oBES s M
HBRIZRY 2B Y, KETIZS, 16, 4 £, KILTi
16, 1, 4BIO H33 EEMERI T 5 % L REGHEE 2 H
BEERHLZ L, MFERICLYVENVL VABREEZE,
FMERNC & D{bEREDOESUSEL 1D Z b
DHERDE L OHEDH Y, MAC BIHEIZB VTt
HFRBHOIETETEELEIOA TV S,
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Ag:2.5pg/well
second Ab:anti-human IgG

OoD

GPL—16(2_) B-E B Cont.(Z.

GPL-16(2.5)

WO BT3B B4F

= 1/320
B 1/640
N 1/1280
A 1/2560
B 1/5120

serum dilution

Y7z
Cont.(1)

Fig. 11 IgG antibody titers of patients sera excreting MAC serovar 16 against
GPL and PB-eliminated GPL from serovar 16.

Brennan 5 &, 77 ABEMHME D Lipopolysac-
charides ® OB L Cau=—DOHE & b &
DEV MAC HIfLERE L, layer ® ‘C—mycoside’ 12
HFNns B mERERETF FERERE (GPL) ©
BENEECTHL L LY +— 7 Td D EHEE OB
REEToTV5h, WTNOHEHDS O- 2 F IV LHE, 7
F &M, N-7 VSRR TEIBO CHRREREY
St L EHEL, BT T MAC 028 MER
03 H13EOMEE GPL OMEEHEEZFEL T2 Y
) ~®)  ChZXYIMERBHOSTRRERY)D2OH S
A, L LEREOMER GPL dHE L Z ORSHEED
WREVFEFN TN D,

BE 401 o> If % 17 B GPL o B SR & A% 4- (2 -
methyl, 3’-hydroxy) butyramido4, 6-dideoxy
hexose— 4-O-methyl-L-rhamnose— L-rhamnose
—» L-rhamnose— 6-deoxy-L-talose T 5 Z & &%
BL, RAmoMmiER16%E GPL OHE#T 1T, €0
BEEE RS FEISFRINITH Y, Kk I EBRAE
B % Fo 7 I FHEAHIET 28 L GPL THESHMEE
it 3-amido (2'-methyl, 3’-hydroxy, 4'-methoxy
pentanoyl) 3, 6-dideoxy hexose— 4-O-methyl-L-
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