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BIOLOGICAL REACTIONS INDUCED BY A LIPOPOLYSACCHARIDE
(WAX D) OF MYCOBACTERIA WITH SPECIAL
REFERENCE TO ADJUVANT ACTIVITY*

Atsushi TANAK

(Received for publication October 31, 1970)

Relationship between adjuvant activity of a lipopolysaccharide fraction of tubercle bacilli,
wax D, and its chemical structures has been investigated and the following conclusions were
obtained : (1) the presence of the peptide moiety is important for the activity ; (2) mycolic acid
plays an important role in the activity ; (3) hydroxyl groups are not important ; (4, the size
of the polysaccharide portion should be large enough for wax D to exert the activity. These
findings together with the isolation of a unit structure identical with wax D (‘bound wax D")
from delipidated BCG cell walls led us to the assumption that the similarity of wax D to the
cell surface of mycobacteria in chemical and physicochemical structures may be required for
wax D to be active as adjuvant.

Tubercle bacillary bodies which are usually used for Freund's complete adjuvant were
shown to be disadvantageous particularly for a weak antigen, because the antigenicity of tuber-
cle bacilli competes with that of an antigen incorporated, causing a negative effect on its
adjuvant activity. In this connection, an acetylated and purified wax D subfraction, ADg, was
found to be a much better adjuvant in that it was virtually free from competing antigenic
materials, exerting no negative effect. ADg was also found to be highly purified not only as
a material but also in that it does not exert many other various biological activities and is
considered to be advantageous as adjuvant for practical as well as research purposes.

Statistically significant increases in plaque number and size were obtained with spleen cells
derived from mice which had received sheep red blood cells plus wax D or other several ad-
juvants when measured by Jerne's plaque technique. This strongly suggests that the adjuvants
exert the adjuvant effect through increasing the number of antibody-forming cells as well as
enhancing the capacity of each cell. The adjuvarnt effect in terms of the increase in plaque
size was long-lasting, while that in terms of the increase in plaque number transitory. Mem-
ory cells appeared to be able to ‘memorize’ the adjuvant effect when wax D was used in the
primary immunization, while wax D exerted no adjuvant effect on memory cells which had
been produced by the injection of sheep red blood cells alone.

AD, was found to increase the phagocytic activity of the reticuloendothelial system in mice.

* From the Research Institute for Diseases of the Chest, Faculty of Medicine, Kyushu
University, Meinohama, Fukuoka 814 Japan.
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This effect of AD, was long-lasting, while other several adjuvants or stimulants were found

to increase the activity only for short periods.

The fact that AD; which possesses no other

biological activities so far tested except the adjuvant activity exerted the adjuvant acitivity and

reticuloendothelial system-stimulating activity may suggest that these two activities may

be closely related.
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Fig. 1. Structure of Wax D
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Table 1. Properties of Subfractions of Wax D (H,Ra)*

Fraction Yield. % ehing, ‘ Molecter Amino acid Adjurant
AD, 6 40 (57, 000) - -
AD,; 9 30 63~ 65 24, 000 — -
AD, 8 170~225 19, 000 — -
AD, 7 225 16, 000 — -
AD; 11}30 250~260 16. 000 Ala, Glu, DAP +
AD, 19 260~270 20, 000 Ala, Glu, DAP +
Hexane 14 200~240 Ala, Glu, DAP, Thr, Asp, Val +
insoL. AD Leu, Ileu, Arg, Gly, Pro

Table 2. Yields of Fractions of the Water-soluble Portions from Various

Mycobacteria strain Fraction | (%)

Wax D Fractions Separated by Sephadex G-50

Fraction II (%) Fraction III (%) Total recovery (%)

46.1

Aoyama B*

HgRa* 43.4
AD,* 73.5
Hexane-insoluble AD* 86.0
P1** 1.0
BCG*+ 1.5
RO** 4.3
Fortuitum** 1.2
AD,+ AD,** 5 4

* Adjuvant-active ** Adjuvant-inactive
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13.0 0 99.0
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3.3 92.0 94.8
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17.2 80.5 98.9
66.3 82.6
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Fig. 2. Elution Pattern of the Water-soluble Portion

of Wax D of Hy;Ra on a Sephadex G-50 Column
(2cmx40cm)
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210.94 mg were applied and eluted with 0.0l M phos-
phate buffer (pH 7.4). Flow rate: 21 mi/h ; one frac-
tion : 5.2 ml.
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FERICATOIRF I35 THB o L, PR
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Table 3. Comparison between “Capsular” Wax D

(Hg;Ra) and “Bound Wax D” (BCG)

“Bound wax D*

Infrared spectra | All the absorption bands are

identical
Chemical constituents | Identical
Molecular weight 32,000 } 32, 000
Melting point . 200~210°C | 227~.228°C
Adjuvant activity ‘ Active i Active
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Mean Skin Reactions Measured in the Course of Time

0.2mg (c)

H L "

10mg (a) 1mg (b)

0.05mg (e) 0.0lmg 'f)

BRI EEBHYE X URKEESD
WELh, BROCBRETDZ L
YRILL, REFREOESHE LR
WO H 2 b OHBIER R D
hBZ v LW, 31
Ia-ABYBWICRD OKES
REEFEMET XD URRIECY
Brd, choHoRERD TS

protein - Ovalhcumin
S

100
200
300

Tubereulu-

—r " N P
% 30 48h 12 24 30 48h

Time

Guinea pigs (6 to 8 animals per group) were injected with 1 #g of ovalbumin
as antigen plus 10 mg (a), 1 mg (b), 0.2 mg (c), 0.1 mg (d), 0.05mg (e) or
0.01 mg (f) of tubercle bacilli as adjuvant, respectively. Curves above the
abscissae show reactions to ovalbumin and those under the abscissae
reactions to tuberculo-protein.



46

BEY R THOT LAV HENMOER T B D
T, D Lilr Y DOTIENOFRRELE S
5 XTI, —oOWMBELERLFHLTDED, * oK
BB HEXTL, BAKC L RELEERY H2TL
5, LLRBPOHEBDIVIZESROTNTRIET S8
2, KEELGYHEALL FCA RTFITH S, HIRC
0.001mg :\W5HROFBEATALS I v CELVEY MR
RIET 270, KlkEY 0.01~10mg ¥ THAR %D
X THRARIN, ELEy PRIIBTAY ¢ VR THM
SRS\ IR RBBIELNTL XD LIXTRIOH
P (BH3) ZDZ kit FCA HHATELDIXHDE
ERNEHREY LT HHMER bR D Z L ¥IRL
TWBEWVxB, LENADTEHDTHRVCIAMNT b 2
BMNIET O oV P REBTDIIE, v DOHNK
KBRELILLDORENIE IIEAS,

vy DREEED LI Pl L b 2 o0MWHIKEY
0T 5B, TD5 S, SWMEOHFTEL7 v+ 1 {Lic
I LR WHELTLES NG, F1-901 2 ) /&

EHB S 7 2 F AL X D BRHICERE X h b paniemm,

HEHEHL LTAVWS ey DAARDOY L2 ) vHER
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Fig. 4.
mm”*
700

600 5mg (b)

halbumin

protein
g

Tubercula-

reaction

0.5mg (d) 0.2mg (e)

Skin
albumin
g

L4 e
36 12 24 30 48h

100} 36 12

proteimn

200

Tuberculo

Time

Guinea pig groups (5 to 8 animals per group) were injected with 1 #g of ova-
lbumin as antigen plus 10 mg (a), 5mg (b), 1 mg (¢), 0.5mg (d) or 0.2mg
(e) of ADg; as adjuvant, respectively. Curves above the abscissae show
reactions to ovalbumin and those under the abscissae reactions to tuberculo-
The symbol (+) indicates the presence of induration.
(f) means the skin reactions of a control which was injected with ovalbumin

protein.

incorporated in Freund’s incomplete adjuuant.
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Table 4. Biological Activities of Tubercle
Bacilli, Wax D and AD,

Tuborclé AD
buw‘;;:;[:'

Blological activities

Antige- {Polyucchnride + -
nicity | Tuberculin

Negative effect due to
antigenic competition

Epithelioid granuloma
formation

+
+
+
Tissue damaging effect o+
Adjuvant-arthritis ' +
+

+

+

+

i

inclucing activity
Toxicity

Anti-complementary
activity |

Adjuvant activity
RES* stimulating activity !

{++ o+ o+ o+ o+ o+t
|

. Retlculo-éndot helial system

HictMhLTELEY PREML, PPD 0.1mg A
WTHEMBRE X Ticotohie{METhDI-Z k, %1
SWMEARTITHT DGR LN L ERAT R ohD
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LTS 2 e RB 224
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ERD AN L LHEMINR TV
ZEXRLTWS LA, £
nofhoADEWpiEEL v
Do 7 G EEC LB FR
ZERRLTWS, ok i
Talmage HixHiFEGIER M 7
EECLBETHHS L E 2 It
2, FADF—-RxX o hwil
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Mean Skin Reactions Measured in the Course of Time

lmg (c)

Incomplete /f)

Incomplete
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Fig. 5.

Spleen Cells Derived from Mice Injected with Sheep
Red Blood Cells Alone (o---0) and Sheep Red
Blood Cells Plus Wax D (+—-)

0
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o
(=3
T

—
S
T

Distribution of the Diameter of Plaques Produced by
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77 2DIIMBD, TF7ORIMOIEN T ERRE
LT3, Bi4DEHDOPT, §OLhH7 5 7 F%HH
KEXELRFRT7TEROARATH D, FLTREE KT
YHEEEH wvD, 7eFirev D, =V F L Fo
v, DNP-= v ¥ b Fov, Vv (e~ BHlEX
H)®-0%DN7 S, Y bITRTS 7 7B MAXE
5, TLTCT Vv IICIB7 T 270K, HE
BO72. v v BYOWE 77 MEKOK
B Y VvARBOEE REKCI5EBAEROS vy
20% L IEBAGRIC, TU LV FEAHFECEMEh
Trhif, BWBREYLOTRZDOTL %, ZOAT
77 BOMELINBHTH S, FLT=VF I+
vTCix 0.0lug, v DTIX 1lug L\W5AHRT, 775
7OEIMALIY, 20 X5 BT IBEEOME D
iz’ X 5 Th B,

73 7R LB THEBEIVED <Y A X D BENT
BETHAN, CORTLF 7 708 X5 7TEGROME
ERBRTHD, LBEHHIX 1~2 X 1L LTHH
ENTETH 5. T~ Y R 1EY
YSEDT 7 7T HZLNTE
AENBLT, ¥07 7 2 B RHOMGE
R72.-V IR XBTT 7EDMK
DRECE~PIVOT, SEO<Y
ATLERDT 7 7 DEXHET L,
77 I7DEIRERC LA LEBbR
B, TODX)REDFHRREL T
ABHD—DIITF I/IENNERLE
BIRTHY, 7oV DM
KIDKELILBD, TORCHEAL
TKREL KRB LRV HTHB L
Exbh 5%,

DL, 77 IIERTEH®K X
BRI, BVWBREYLOT, #

0 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 0.275

Diameter of plaque (mm)

BHAL, TOMECETH<Y R
XPETH\DT, ZOXERTEGE
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Table 5. Relationship between Plaque Size and
Conditions for Immunization
Pretreat- ) Plaque size
ment Firat in}. Second In}. | primary | Second
resp., resp.
SRBC* — Normal
SRBC+
wax D — Enlarged
SRBC — Enlarged
Wax D | sRBC SRBC Normal
SRBC+
wax D SRBC Enlarged
SRBC+
SRBC wax D Normal

. -Sh;e-p -rved bl-ood“ce.l-l

JEDI-DDOENI-FETH D LRGN,

COKFER XD, TEEORMERIC X5 HEY BN
KR 777 0BT HFAEHK4IAARY - 71ICR
L, CnL27o. v MERARINEBD 2~3 f£5\u
T rREDN, FRLEERE L 2ECRI L, £
heRL, 77 7ReBULTIRENMc b, B
CHEOENRAOLNBEZ ENRFNDN, ZDX5icr
YDILLB7 T 7 OXROHIME—BETH B2, ROM
KYBIERNT, RO L5k, KRB ¥ TR
5. MAEAMRERE: LTHAEMIREXIATWS
2 (LK 7S Hitke L T), KfFoMEMROH
& EMUAT, MRS 1% LR) BB »A4LES
LMD TLBED, Y voERR O M 19S Hifk
WED™, 17T 2 LD LABREIRTEHD
) VRO S MR DA LR TS
DT, FIIEOHFEROTTHKDRIIZORLEED
Ml X5 L Bbh3,

HE L v v DEHYRHEOC T R TTROCEREG
BEYESKE LB, HERNMERARD B\ XTI LI
(1,2,3 4,7, 30, 70 B#i) ke v D¥ESHTHLE—K
RIED7 7 738K+ %, MIEHFERHE R e v D
YEHTHE, B{NT (7, 28, 70, 150 HE) =K
WMEHRDOKTHRESTL T 7 7 RIMAT 5, Fhic
KL, #IERABYHEDRTHLSTH (30 HE), —
KARFWMOI ey DEHFEMLTE, 77 2 Fi2iH
KLV, ¥ HBRBEEMEZTOLTr DY
Hx25L, 777 BEABHRIEHEHE ORI~
THORHEHALTHELTV&, 4HBEDS 7 7 FREHE
MCr Y DEREXTL 7T 21k KkEL e big\ o,

INLORERNDL, (1) 77 703KEL L3013tk
BT 5y DOEEER X B5DTIXRL,
FRRIMEAAT S B\ AR S TW B E A0 T
X%, (2) voDOTHEEY “ER” L KB MR
HRHBRT B, (3) HERBPIRC XY ECIEEORE
#Fa (memory cell) K} LT7 LoV MZEDOYHE

W% M 3B

LRI, EWVD X3 ENGHOTE,

cRLORMIL, X Sercarz AL Y-cell, o
*bﬁﬁﬁmmmﬁﬂﬁ¢b:a&iNTbm§aau
YR LAY A & PRI ORRIET Y 2 A <
i (792t PR MR M DT
VWinh), K¥NT P2 %D Z-HIM XY 7' fk
LB bONHBETHZ ERRLTY Be 27 HHHEB
3 A, (1) X=Y=Z', (2) X=Y'=Z, (3)
X'—Y'=Z D3okFFTELLRB, EEDOXIK
— R XL e D & HURC MEC R
FeRTERESINL R LItk SBokR
AN HBE LTV D EV KR BTHBDT, (2)
m(3) DRSS, bhbhil (3) DR S¥
hevDOMAIK LY, FLL2ev—vHiHBAT5HE
MEAM L E LT B, BERNPTES,

73 pDENMAT B ENEBICT 2 R4 D O
FHELROMAEERLTWAERLDDHA VLK
Vv, HitkOEMMEEE D avidity & BIFLTLHLY,
FCA %7t L= RURIEH, avidity i2B¥RI2 & L&
QDT T ERFHOTWHDOTHN, HkORE
it h K2 T T I NTRHAERIES, LML
= o avidity OB HIFEEOR I IO THRIOT
L BH®, 73 rORIIAMAD X5 KHFEROTEL LR
MPBAEIEDTY, avidity OF(LIC XD TORESKE
{TEB E5 TP E L,

Bussard {3 #&;f microcinematograph "G, 7 770
OO MR VE X TEGTVWBH, 79 2 0FIMAL
DSFB ERRLIEHW, 77 2 0ENHGEERY
BHEDLHLLTWAAEREIR- L Bbhb, \WTh
LA D7V OHGENKBHRIE, = OKOD
B H T3 0RO ST, BIFHOBMFLX
3, ¥V HGELERON ¥ HTOoXREHT, 128
A ORBENY DS - LT LD LW KRR
WitWwWX 5 THh B,

L LD 7 2.3/, 7ok 2 Freund's incom-
plete adjuvant |37 5 7 DHFMLICH, B L2<HM
KIRE»NDLEN, Lo T DT Pa 3V FIER
HRORBEHREEHCE LT T, L4,
FTwasERI v Bbh3,

(2) mMPp* (RES) iwRiE31EA

bhbIEEGLP R THE«OEHEE YR £
v, ADg 3 TN OIEH LR THE I h AR, oL~
17 ADOBK (F4) ¥BTEL, © ¥ Hind (K4)
DX 5ic ADg (27 FBMEIZE AL, BB R X OB ER
OHFEYE, AEEE Bt HEEER 7oL 3v

FBAEIAFERED, REOHERIFASLRIR 0T,
OB ADEYERL T EREEEREL T
Ezxzbhb, ZOZ LXEAARDED XS InB(En7E



197143 A4

BB ES CLXWOMKT2 A0 ERC
i (EDX5 TRERFERCZ DY), EEBELEC oY
DRAHMTHS - L, A, ADg piRT 7 i5@LND
S WGl 75 L BIR L TV D A EML RV C kAR
BLT\3,

Nicol™ Fofth » ATt & 1™ (Biozzi ¢, Schoenbrg
b, Dicarlo ) RELBELH, - hn RES ol
IXEHIZEYREL, TN KEROT7 EEE B
AT 3B,

LOLLBEXEOTWBZOTERDIIREBEK
TiGEEE RES oM U302 Bbhh
-8

BEbhbHNZRKEIFO2YV 77 v A MB - >ic X
b, ADg i 2D RES D2 ¥ 5 = L ¥ BHEL
K, —HEEICa v e~ A D FRTCHCCTESEY
phlevb o, 7-=%.:¥ Cord factor, v B, 3 a—
r %L RES o2 ¥R - - ¥BBLI. Lot
DTZDFE%RTL RES OX0oRE DX IEBLICTE
BT OT 0N KR - Bbhb, ThTHNEAY
FOULDBLLAXLER ThHoFETC L v H
iz 24 BRItk Y — 7L L, —AMK RES o2 %
ADBIKTXRGCZER GO, ¥w v DPREEE
X577 271+ i2 RFS o2 2EDHBH,
YRR DRIZP L, TOBERBKIZT S . v b
ORBAELTV32, BAROHETL 4~5 HHIE
ECthil#izd ticb ¥ d, ANSTES L 2O
2U»H» S RES o@x+WMLY:, chilths>72
22XV IR D THAH S L Bbh, THH- LT
HEBHEZBE ZEL TV, O EZOT2
rktkd 35, ADs RERICZL, 1AME L 0 x&x
RES 0@ X 5#BHTHH, WHRTHEL A b
21,

ZITCHCORREFASFIIARTRV ., w27
77— CRIRVAHWAOMEED D Y. £ D Phagocytosis
DRERIEKDTcHBbDE, BB EROTHRLIL
1 H D (Scavenger cell) 2:551L™, ¥=2=7 >
— U HRT Phagocytosis Kit e D o Ensiz oL 7T
FREDHEPDT, RNFO27 V7 7 VAR IDOTE
HEIN3 RES o @x¥EDHSEMANIE BT ERE
BRECONILVORLGLAMKRTHSS. LHrLinE
2DEWEREL LT TERDOZREZL DTV B ADg 2t
Feac s RESo@x¥EHTVBZ 212, RES 5
A3uR=7v 7y —ORHTHHREOL ) A HGE
R EOTEERER YL OTWH LV I REDARY
Exbb¥bE, vy DREERK DA 5 RES ©
HxirE», CnHIREBRFOT7TEED—HSDERTH
B Lo T D,
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Mackaness I X 5 & MBMEK VTR T 5 27w
7 - = COFHBROTERELE (@RAOBREE) DO
M. BRAOTBEYABEIRE LAY RIZL T
20 PED 2Ty —CIIHROCEIEINIY V2
K:@AME+HD Homologous /il o HEFA%Y
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fED ¥ 5™, L7, Lurie, Dannenberg = = 5% &,
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7 — SRR L MR H A R~ = el
T, EF LB LAY v R EBI4THH
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2o PROHBRHIEOTV-S ADg 12 HU-EHHBK
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2D ey DRITNAZFTYL2Y YHEZRTS
BEVARIEYFS 5 2 HT25, AEC=YDik
TLHSTEEROXAD X5 AR BRK Y250
Ly 2D200E27, =2e7y—TREBEEK
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Z LB EE@ER~NDOEEELETEIDTH 5 5.
ADg 2 HEREN VO T, BENABIEL B L 2D
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KEBHO~ 7w 7 » - HEBREES T O BREHC
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T, TRHOENTRTTEE L ARED S 2 E
DHOUBTRYBERTHENE I Gh LItV L L7
=L 7iEED LT (ADg¢ ) Phagocytosis i, |t
DX>5izE 5, Phagocytosis, Pinocytosis, Spread-
ing © 25 LBENTTHOTCRTEEC I DR T
b, TaLMeTr, BEFHEL S ) EROS{EsIE
ZARDRIE, TRUARHBEELEREhDZ0 T
2550, ZO=r2u7 - UhLRALEARNDOHE
& (Lic > T Phagocytosis DENIZEbR TV =
L2 0T B0T®, —oZkthimidaLicRE o
*h ADs iXEfOC RES oy ¥ LRI ¥-OST 3
DzZ L, HE#DOH5 Wax D LEEECIPHDE
HEbRBZ ExFHATHENE Lo, TDO X\l
Bx0ERRECHERHMLTV LERS Y RET 500
ZOMERSVLTRER A AL FOTELT™, &
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