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II. THE MECHANISM OF SENSITIZATION AND RESISTANCE
IN TUBERCULOUS INFECTION, WITH PARTICULAR
REFERENCE TO THE INVOLVEMENT OF
THE LYSOSOMAL SYSTEM*

Koomi KANAI

Acid phosphatase activity of mouse lungs was elevated in response to tuberculous infection.
This elevation was accelerated when the mice had been immunized with BCG. “In vivo grown
tubercle bacilli” were separated from infected mouse tissue by a mechanical means, and they
were found to be coated with host acid phosphatase. These findings were interpreted to be
the result of lysosome-bacillus interaction during the process of tuberculous infection. Lysoso-
mal components were obtained as a Triton-lysate of the lung and spleen granular fractions of
infected mice. Incubation of tubercle bacilli with the components resulted in the bacilli gaining
lysosomal acid phosphatase activity, whereas the phosphatase activity specific for the bacilli
decreased with simultaneous reduction of viability.

A large-molecular mycobactericidal fraction associated with cathepsin and acid phosphatase
activities was separated from the detergent-extracts by gel-filtration on Sephadex G-150 column.
The mycobactericidal activity was expressed only in the acidic environment below pH 6.0, and
the activity was reduced when the amount of bacilli exposed to the fraction was increased.
The latter observation appeared compatible with the finding that the mycobactericidal activity
was removed from the fraction by absorbing with heat-killed tubercle bacilli. Heating of the
fraction at 100°C and pH 5.6 for 10 min destroyed completely both enzymatic activities, but the
mycobactericidal activity remained unaffected.

A further attempt was made to compare the mycobactericidal fraction of the spleen and
lung lysosomal components between normal and tuberculous mice. The results indicated that
the yield of spleen mycobactericidal fraction increased after infection in terms of tissue weight
and more markedly in terms of organ, and that the fraction was highly active in reducing
viable counts in acidic buffer environment. As for the corresponding fraction of the lungs, the
rate of infection-induced increase was not so marked as the previous case ; besides the fraction
was much less active even in the higher protein concentration than the spleen sample. These
observations were compatible with the finding that tubercle bacilli could multiply and persist
more freely in the lungs than in the spleen. In addition, it was demonstrated that tubercle

bacilli exposed in vitro to the spleen antimycobacterial fraction were less infective when they

* From the Department of Tuberculosis, National Institute of Health, Shinagawa-ku, Tokyo
141 Japan.
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were injected into mice. When the fraction was obtained from “BCG-stimulated” animals, it
showed antimycobacterial activities. The corresponding fraction from normal animals did not.
By further fractionation, the complex was separated into 5 subfractions ; hydrophobic protein,
phospholipid, neutral fat, free fatty acid and water-soluble peptide fractions. The antimy-
cobacterial activities were attributed to the last two subfractions. The corresponding subfrac-
tions from the inactive complex of normal animals were also antimycobacterial.

Combination of Gomori stain for acid phosphatase at pH5.0 and Ziehl-Neelsen stain revealed
the association of the in vivo bacilli with membraneous tissue components with Gomori-positive
reaction products and some of the bacilli themselves stained black. Such observations were
never obtained with in vitro grown bacilli. When the in vitro grown bacilli were incubated
with lysosomal components separated from the mouse tissue, the surface of the bacilli showed
a strong affinity to the lysosomal components, and in vitro tests demonstrated that the enzymatic
activities of the bacilli changed into the pattern of the in vivo bacilli. The water-soluble
peptide fraction and the free fatty acid fraction were found responsible for lowering the activities
of tetrazolium-reduction and acid phosphatase specific for the bacilli.

Lipid analysis was conducted of the sample of in vivo bacilli. The 90% acetone extract
contained sphingomyelin as the major phospholipid, the neutral lipids including cholesterol in
20%, and free fatty acids such as palmitic, stearic and linoleic acids. The 90% acetone-
insoluble residue was further extracted with chloroform-methanol (2:1, v/v). From this
extract, sphingomyelin and lecithin were demonstrated only in a slight amount, insteads
cardiolipin was detected as the major phospholipid. Tuberculostearic acid was present in 25%
of the constituent fatty acids of the phospholipid fraction. Cholesterol was still detected, but
mostly as the ester. These results, together with those described before, suggest that the 90
9% acetone treatment could remove the major portion of host-originated lipids associating with
the bacilli grown in vivo and the chloroform-methanol extracted mostly the components proper
to the bacilli. Interesting was an additional observation that the ratio of lecithin to sphingo-
myelin and the ratio of cholesterol to its ester decreased in the bacillus-associated host lipids,
probably as the result of the host-parasite interaction.

These observations and the collateral experiments led us to a view that the lysosomal
membrane might be a site of the host-parasite interaction, and that a change in the orientation
of membrane components caused by infection or allergic reaction produces a situation that the
intracellular bacilli might come into contact with such antibacterial molecules. However, other
possibilities were also considered.

Our experiences were then extended to a model experiment to test Burnet's theory for
induction of delayed sensitivity that bacterial antigenic determinants must be incorporated into
the lipoprotein surface of macrophage. The reconstituted or reaggregated membrane was
prepared in vitro by dialysing the combined SDS extracts of lysosomal fraction of the guinea
pig spleen and tubercle bacilli against Tris-NaCl buffer containing MgCl; in 20mM. Guinea
pigs immunized with this material were sensitized to react to PPD and showed some grade of
resistance to tuberculous infection.

Finally, discussion was made to make each separated observation mutually associated and

to form an acceptable whole picture of tuberculous infection.
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Elevation of Acid Phosphatase Activity of Mouse Lung
Tissue and the Fate of Viable Tubercle Bacilli therein

during the Development of Tuberculous Infection
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Fig. 2. Lysosomes in Phagocytosis
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Fig. 4. Test System for Antimycobacterial Activity

1) Bactericidal test :

0.05M acetate buffer pli5.6 1.8 ml/

Test sample 0.2 ml]

1 mg/ml HyRv 0.2 ml
37°C, 4 hr

Glycerol egg medium
2) Bacteriostatic test :

D'Arcy Hart medium 0.4 m!

Test sample 0.1 ml]

0.1 mg/ml HgRv 0.1 m|
37°C, 2wks

3) Inhibition of enzymatic activities :
a) Tetrazolium (TTC) reduction
b) Acid phosphatase activity at pH6.5
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WICfEAE LY, £0hHL, AEE%Y Gomori
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EERMEESE T LR, 4V VYV —AamhXD
APFEENER I hico T RO TXTORRI
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Table 1. Antimycobacterial Activity of Tissue Cell Fractions from Guinea Pig Lungs
Normal or BCG-stimulated
Antl;{)yc;);)actcrlal ;acllvi!y o
. . mcg a tei
Tissue cell fractions Cgpe: ?I:"o.e " “Reduction of viability at | Growth in semi-synthetic
o pH 5.6 and 4 hr exposure** medium of pH ; (liddd
Starting homogenate 67 1.52 +
1,000g 74 1.45 +
BCG- .
stimulated Sediment at 5,000g 62 0.31 +
25,000¢g 40 —0.1 —
Supernatant 72 1.76 +
1,000g 78 1.92 +
Sediment at 5,000g 75 1.63 +
Normal !

25,000g | 68 1.68 +
Supernatant E 84 1.70 +

Control buffer ‘ 0 2.0
D’Arcy Hart medium +

* Tyrosine-estimation by Folin test. The final concentration was 9/10 of the indicated one in the bactericidal test

and 1/5 in the bacteriostatic test.

Viable counts of sample-treated suspension
v Log . cou samp < sp

Viable counts of control-buffer suspension

——— x 100.

*** Growth in D’Arcy Hart medium after 2 week incubation at 37C.

Table 2. Characteristics of Mycobactericidal

Activity of Fraction A

1) Active in acidic environment
2) Active at 37°C, but not at 4°C
3) Absorbed with heat-killed tubercle bacilli
4) Require more dose against more amount of
bacilli
5) Heat-stable at 100°C for 10 min, though enzy-
matic activities were destroyed
6) Active against Brucella abortus
7) Hemolytic activity
8) Neutralized with
basic protein such as protamin
bovine serum
but not with
25,000g supernatant
Fraction B and C from lysosomal components

THMRSEB¥ D Fraction A Ziz§5<, 34 vV —
A XL THHEARDOL DHEVS, EbIED
BN BOh T3 (Table 1), BEHOUBET O
TKRE LicfE 5 Table 2 ifIF L fo 2%, ZORBX
b, BRENZRTERBIMBKTHOT, KBEEELD
bOTinl, BERETCOZAEBHTH DT, FORED
RHBHRFILEGEREMAE LicDD, 12 UDTRIES
hAaZ LAUREE XN T\ %, Brucella abortus iz § 4
BTHoOT, EEHEOKCHRN TR, ikt
Bl mEchRxhss, kT2 %4 D 25000
g EHEE®, 54V VY —a45ED Triton X-100 Hi
®O ¥ B 4 i, Fraction B # Fraction C (Fig.
3) KX oTiRFMI NI,

Kiz, Fraction A N T5 BB BT OWT, £
OYithitky, REN, T LUTHEED 5 2 EREFEO
AP Fhic T 2 EEERC OV THERE L, £0
L Fig. S IR LTH B, HIENIVWThO BT
F\ T, Tube No.22 #¥—2 & LT, +DHBOE
HETIZEE D, ThOoMENOEBRIR, ITFETLT
BEIhic, O AP B T OBBETH B = Lhd
bhTwbh, Loz, RENNOBKF & LT,
Fraction A OEBICHTHEHALZE LS 5—2 O H#l
FEH LT 5,

Fig. 5. Antimycobacterial Activity of Each
Eluate of Fraction A Obtained from
Infected Mouse Spleen
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Fig. 6. Infection of Mice Using a Suspension
of Tubercle Bacilli Exposed to Sephadex
Fractionsjof Lysosomal Components of

Infected Mouse Spleen
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Mouse Spleen and Lung with Reference to
the Antimycobacterial Activity of

Fraction A Obtained therefrom
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Chemical Fractionation of Fraction A

‘VWFI;;C"O-II A

|
Add 9 volume acetone

l 3,000 rpm : 10 min

|
Sediment

: Hydrophobic protein

|
Under layer

Solvent fractionation
|

- R B
Phospholipids | ' Neutral fats

| |
TLC TLC

i !
Sphingomyelin Cholesterol
Lecithine

Lysolecithine

Phosphatidylethanolamine

Table 3.

T
Supernatant
Acctone evaporation

Extract with ClJCl,»CH,OH @:1
B

Upper layer
Sephadex G-75
1

! ' Peptide

Free fatty acids

GlI,C
Clise
Cll:l
cll:.
Cll:l
Cll:l

Antimycobacterial Activity of Fraction A from 25,000g

Sediment and of its Chemical Components

Concentration

Antimycobacterial activity

Test samples |

. Reduction of viable counts |  Growth in

; a tein o | after exposure at pH5.6 ! - i
| mCZpe: 1;:"0_ o OD 420 mx }_wfor 4 ;on ‘wfo:22 hrﬁ se:égz‘;;ohg;m
o | Fraction A ! 62 0.8 ! ; -
:: ‘ Phospholipid fraction i trace 0.1 1. 80 ‘ . +
2 Free fatty acid fraction | 0 1 0.06 —1.74 ‘ -
% Neutral fat fraction 0 |00 1.93 | +
3 Water-soluble peptide 14 ‘ | —0.06 ; —0.3 —
= Hydrophobic proteins | 65 1.92 | | +
' Fraction A 65 \ 1.99 +
* Phospholipid fraction trace ‘, 0.043 | 1.88 +
—g Free fatty acid fraction 0 | 0.04 E —1.39 —
25 Neutral fat fraction 0 | 0.114 ‘ 1.60 | +
. Water-soluble peptide 15 ‘ <-2.0 5 —
i Hydrophobic proteins 89 ‘ 2.0 } | +
Control buffer 0 2.0 ‘ 2.0 ;
D’Arcy Hart medium ‘ } +

* Tyrosine-estimation by Folin test.
** Approximately 100 to 300 mcg per ml.
Other symbols are the same as those in Table 1.

4) Fraction A © 9@

K, Fraction A # 26 5E LT, FEHEEZ KD
HZERTH, =7 Fleischer 5% 0 /T N0% 7
PN E T, BEYER T ETHIUEREL, TE
HOBRKBEA LT 7 ABRLIT € v 2 2EL
Tht, BUZrwklA 227 -0 (2:1) 4%
Bz TR L, TOLR (K- 227 —-18@) i3,
Zh#% Sephadex G-50 T LA BBLT—DoDRT x4

The final concentration was 9/10 of the indicated one in the bactericidal
test and 1,5 in the bacteriostatic test.

ForBixdt, TH (2% -1 7rekLafg) 1
wigoE LT, PR, BIEE EERBREO 3 il
i, ThEn TLC, GLC FThafi5s L,
FRr—), A7 4TIV, VVFVU, RN IFV
B AV AvE V- LBRYERGTETHENgh
b, Fraction A 12, S@EEICHRETSEERE WO X
5E% o1 (Fig. 9), 2T, LD 5 20/ yEEi>
WTHEN R RERATH L, HBENYRTLORKE
BT 24 YL, HEEBEVBOTEDOKRTH O, HiE
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Fig. 10.

Chloroform-Methanol (2:1) Treatment

Fractionation by Gel filtration on Sephadex G-75 of
Water-Soluble Peptides Liberated from Fraction A by

Wi WmeE KTF

KiroRAkikBe Ly, O Liky
Sephadex G-50 T+ L@+ 5 &, E
LA Tube No. icd % Folin [ 145
MipBlinzo L) LBy ST o

AO.OGF 0.3 A ,'\ 0.06 : Po : e ‘
£ 2 /N I\ L ENFIUL, 0T 24 Fit Fraction
g™ 2 f o\ 2\ O0g A gMNT LG O—HE LTOSY
= < ! \ / Y . . ess
Soot gt S\ FAA S ASTEANTBAS LHEL 4%
£ / \ / it T B oL ) THE,
So0.091 o / T -0 SRR LT, M AT
€ Cytochrome ¢ (m.w.13,000) Malachite green oxalate . Table 4
20 02k (m. w. 927) FOY# ML b, Table 4 KigfE
b Ltz b n s X 5 ic, BlfEm L
300 IR 2 0 ) G M R B LT,
" SR TH LA LA B ) ) -
Mycobactericidal activity . - - . Jl’mﬁ.' kX 6,:—%&7&-‘&\"0 EK‘HEUJ‘
LA £ Ee3®® 85 3 M7 oY oM, f AT B RED
" 2‘2 ' “ép"“r‘-‘) L - B - 12Hivns, Tetrazolium HRITHE XA
1 10 1 20 .
Tube No TELEEDG - &, £ LT, Fraction

BV REREDDRY R LI £2AHT, 2D
iZ Fraction A #{L#@7e i T/ GBI T 5 &,
ARBRERD R LR X I8 ok IEH B ik Fraction
Anbd, FARCEGEDOD D KELERT 21 F LERE
BiMh 8 6t (Table 3), - B & &% -SIFiIcOUL
T, BIKHT 5,

KEBEHERT 24 FeowTid, Fig 10 o735 1)
BDZ—v XD, TR 3,000~4,000 DY D LHEE
Ehopy, RECREI)HDHOT, BEETLOHMEK
SNEB LR TV, & D45 H ik, Fraction A # =
— TR, RFELR, H50EMET 37°C ks T
AvF LA PLTHERET D 74V VvV~ 2 GEHK
@ Fraction C (Fig. 3) w7 rz2—% 50% iz T

Table 4. Effects of the Free Fatty Acids on
Viability and Enzymatic Activities
of Tubercle Bacilli

" Inhibition of enzymatic

Mycobac- activities
Fatty acids tericidal Acid Tetrazolium
activity phosphatase |salt-reducing
__activity | _activity
Cs — | — | —
Cio - ‘ - 1 -
(& 1 + ‘ +
Cu H# H+ ‘ +
Cie + + | #
Cis - : - | +
Cisa1 # W #
Cis:2 H# ! H# H#
Condition :
Environment 0.05M acetate buffer (pH 5.6)
Exposure 4hr
Temperature 37C

Concentration : dose of bacilli
Bactericidal test, 20pg:0.1 mg
Inhibition test, 100 xg: 20 mg

A ghsnyicy. (Table5) v5 B D b,
Fraction A OHEHEOMEI LRTFLTIVISIKE
bbb,

ko= L <, Fraction A OHENNFIRKE T h
AERF 24 Y, HEIEBRTHY, 5 LToEINE
BTk, BENERBH TS RESHTHOTHLiESRIT
FMUT#HD7s LA L, Fraction A k5, Lok
SR EEOHC I Tz, REESHHHKOL DD
MICTEEN W VS HFEIR, FRX3RBHEI NS
Do ETHILIC, BEMHHTHSTLERREOMANEL
LRaTHH50 LT, H2K, EMEGELELTO
Fraction A i RTOMEZTLLE L, HERTOR
KENDOBRHE L VO THEEL DA 5, FI3KIZ, B
BYCLRBOHICHAREIONHEEELS B, L
BWENZIhOOBEMICEEEZS 28R L bahb
BTV, KAOBBIIHEN AL TECEDD
DTHH5,

Table 5. Free Fatty Acids in Fraction A
of Guinea Pig Lungs
Fatty acid ‘ Normal stiggg_wd
Cu | 2.56% 2.52%
Cie 30.15 29.10
(o 5.58 6.58
Cys 0.86 | 0.80
(o 8.35 | 8.34
Cisa 30.74 29.70
Cis:a 15. 22 15.57
Cyp 0.30 0.37
Ca — 0.51
Cag — 2.74
Nonidentified minor acids 5.99 3.75
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Table 6. Activation of Fraction A Lysosomal Components) Obtained from Normal
Guinea Pig Lungs by \anous Enzymauc Treatment
Treament “Animycobacterial vty of e
S;mgée . - " Viable counts per Growth in D'Arcy
treated Enzymes pg mi L pH Time T;';'L‘:ecr cxpno’fu::“;‘; 3‘7ht' in Hg{{t_‘_rgc;dzmwn:uo{
- . H5.6 buffer _ incubation
~ Phospholipase A - _
g (100°C, 5min heated) 100 5.6 20 min 37 C <1x10P
€ Phospholipase C 500 7.4 20 mux 37 C 76 - 104 -
£ Neuraminidase 100 5.6 60 min 37C 48x10° +
S | Pepsin | 100 3.5 60 min 37°C 23108 -
— 1
g Trypsin | 500 7.4 30 min 37°C 20 - 10° +t
Z Lipase i 100 7.4 30 min 37 C 20 x 108 —
s . _ _ - o I
> s N i
) 5 min 100°C i .
= None | 5.6 3days | iC 10x 10 .
< f
. 5 min 100°C
g None 5.6 3days | 37°C 9.108 +
Z | None 5.6 3days 37°C 3x10% -
= None 7.4 3 days 37°C 444108 -
Phospholipase A . - - —
(100C, 5 min heated) 100 5.6 20 min 37°C 20 108 -
o | Phospholipase C 500 7.4 20 min 37°C 34108 =
S | Neuraminidase 10 5.6 60 min 37°C 19x108 | -
| Lipase ' 100 . 7.4 30 min | 37°C 24 %108 ! +
0.05 M acetate buffer of pH5.6 [ 22x10¢ #+

Note : Each treating system was 2 1 m!/ mixture in acetate buffer (0.05M, pH5.6) or in 1. 13M phosphate buffer

of pH7.4.

After treatment, the mixture was added with 4 m/ of the acetate buffer and sterilized at 100C

for 10min ; 2ml of which was used for bactericidal test inoculating 0.2 mg of H,;Rv tubercle bacilli, and 0.1
m! of which was added to 0.4m! of D'Arcy Hart medium and inoculated with ” i1 mg of the same strain.

5 Fraction A OHEFRFICRMTS 2. 3 AR

Table 6 Tk L= iz, SO~ o--nEHEE
D—DTH5HH, EXEBHHEF Fracnon A rBaiEs

ETABL, TORBLLIFES I EZZINL0EH
ZARIADTH B, HZiZADNL L5, FAKY A —

FTAR I DOTAEBIN - FEIT 2 4, Fracnon.—\‘_gn
HEh»Bbnt, L2-L, Fraction A x h ZE

BEHFEY FARY A-XATAE LB 4502, -
DHABOBENERRXZ b TR TEL2 2%, 20
—RFE Lo, BELBEDEERE L HEYE

ELToEERES, #4544 L LD Fraction A ©
PRAZAEN, LObEEMLY 2 BIHI L
DEBEU Y TRET S,

Fig. 11 K/ RLAEREIZ, ch2ToLk5 Z BERR
KB 2EEBHMY43EIC: 2T, 4853 HTH:
DTREDEY B E L T. EEHY, REHPh¥D
Fraction A ¥/ # L 7-bDTH%., —DRFEEXRD L,
EE&HHEkD Fraction A §,, EXHEicE2 3
i RBMERECHBNIZREEL V5. Ll B
DERK X oT, EE&HHD Fraction A D24t B
8B vF -1 LT, ZhEBE52TL,

Y
‘o D

%Dﬂﬁb(iﬂgﬁﬁf)% D ."_l‘t’\"';’ftt- Zﬁ < 7’1‘«‘0
2% D, EHEWHERED Fraction A 12, BEAECEE
BHELTZ2HIZON BEEOFEYESL, F0

Fig. 11. Comparison of Mycobactericidal Activity
of Fraction A between Normal and

Infected Animal Origin
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Fig.t12.

W a6 MTH

Flow Chart for Lipid Analysis of “In Vivo Grown Tubercle Bacilli”

“In vivo grown tubercle bacilli®

Trypsin-digestion

Washing with water by repeated centrifugation at 3,000 rpm

Sediment

Extraction with acetone-water (90:10, v/v) at room temperature for 30 min

|
Sediment
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(2:1, v/v) at 37°C for 24 hr

[
Residue

Extract

Solvent-fractionation
with acetone, hci)lunc
and methano

|
Free fatty

o [
Phospholipid
acid fraction

fraction

|
Neutral fat
fraction

TLC GLC TLC

(Mainly the lipids of the bacilli)

HRERENPBH LT B LEMIND, £ D X 5 it
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BB TR T TIRAERRI 5\ THRE EADSTE
h, Thwwz, ThiXHaBLTHVWE, 0 * ¥ ER
MoBEBTHENZRETH Z LIt 5,

¥, RYBHEKD Fraction A i3, EHBHHIE
DLOLHBELT, FEHCBEELLTVRBRSD, =
DI rid, L h, Fraction A ¥R+ 5B S
HOREERDOELETRTLDO TH A 5, HthRE L
Fraction A ¥ DHEZZHIIKD in vivo BOISHDH
FhoLRmAB LD,

6) In vivo BHOERANE EORROEK

Fig. 12 {2 in vivo EHOREAFHDO 1AL /R LT3
2%, BiR<7- X 5, in vivo BEAZ, BEThHG
LEOEHCBFMEFL L AMEFK L, T
4V V- aHEOBEEERF L ORFHLERI AT
Bo L2 T, ESMLEOLA X EZER LTk Eh
o

¥3 90% 7 b vKTHHEL &6 Fraction A
DOIRBEA & Tle2tc LA LAETHl Y 2 @ T %
&, WRRHE, hHRERS, ERERERAER. T L CKEH~S
24 ¥ bR, TLC, GLC X oTH#it % &,
Fraction A L DBEVE LT, A7 4 v 3ixzY vViDk
kT, HrrvyFvoROBAI LTS L, ¥
75, IVARTR—=LONEHOEFI=RAT VDM
{ELTWB Z ENBF-RTH O, 7T VRBEOKE
2, zmmkia: A% 7 =0 (2:1) THE LTI,
FHCSE FHT5E, WEKBEHERDOLONLE
BHIHTE5H, BERHHZ LT, ZOIVBLhEaV

Solvent-evaporation

I Centrifugation at 3,000 rpm for 10min

Supernatant

Acewnc-c‘vaporatlon
Aqueous suspension of lipids
|
Extraction with chloroform-methanol (2:1, v/v)
|

Upper layer Under layer

Solvent-fractionation
with acetone, heptane
and methanol

Aqueous phase | I 1
Neutral fat Free fatty Phospholipid
Sephadex G-75 fraction acid fraction fraction

| |
Peptide ’I‘LC GLC TLC
(Mainly host lipids associated with the bacilli)

AFr—=MITEA L= AT VO TH DI, T
D kik, =ATFALY, BEEEESH\IZENIEE
CHEWEZATRIDOTWAZ E X AR LTED,
Host-parasite interaction # f§EFFO LV A TE Db 2
55 —20MKEZHLTV5, ZOMECELTRERE
SHOREBRILETFTH Do

in vivo EEAX X b BN HBERR XTE2AY
DOHE DB LTz, Fraction A i3k © L D L RET
Hbo

¥, WHBORBERSKCOVWTL, ZhETors
A, in vitro OEBBECEENTHAf a -1 8, 7
FrAre—NLTF 4w 2l , V28 RFTTY
YBNRAEIhTE Y, BEILEHREL K T+ TH
5o

7 IR BREOKTBFICMTBERE
EFILRE

YR 2 ) VERUEDRBBAFCEE LT, 4 MIF
LI X% mediator DRI XOT, MROHHKA
Abhtch, i, BRIEOBWFCBLTIZ, ¥ 2 3
DEJNRDHHDOHRT, RIEMLHRK Z L, Bicd
i, ThETHR2TELHRLID, BERR TS
BWE, 74V V—A%E8D-BEMRBHEE L OB/
FRICEBR L, AR, <27 ~—C0&KAY AEAEAN
DEHREOERRZ Y, BENREORBANE L £ 2 %
Burnet DEFVCHAL, KO L X =FALER Y T
ot FHMIHY LR E LTREDTFETH D,
¥, FHOBMYHILZ e oM Tk,
HE (ereyv 1O ORECES I D RO
AV V—nsrEXHEL, Zhu SDS % F\CHf
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Table 7. Production of Various Reaggregates of SDS-solubilized Components of
Guinea Pig Spleens and Tubercle Bacilli in a Separate or Combined System

- Centrifugati t 25,000g for 20min after 5day dia!
o SDS—:{uuon o [ a:ll;.n:ll?rl"?:-ﬁ:(;) bu er‘::ronlal?n:‘n; ;:;Cl,ai; ﬁ;.:ny)s'l"
Source material Protein } Supernatant Sediment(Reaggregate)
i (n e e Borici
" tyrosine/mi) | ml | Proteinug/miy Reguspended ' Protcin (g mi)
Hy;Ra tubercle bacilli |18 280 18 122 ‘ 10 15 A
ISS 25,000g pellet 18 250 18 ! 160 10 38 B
ISS 5,000g pellet 25 230 %5 170 10 17 D
ISS 25,000g pellet 12 374 | |
Hy,Ra tubercle bacilli 6 420 } 18 260 10 82 ¢
ISS 5.000g pellet 17 336 - o
HyRa tubercle bacilli 8 120 } s s 10 % E
NS 25,000g pellet 6 366
HyRa tubercle bacilli 3 420 } 9 280 10 8 F
NS 5.000g pellet 13| 330 -
HyRa tubercle bacilli 5.8 420 } 18.8 295 10 B G

ISS : Immunologically stimulated spleens, NS : Normal spleens

Table 8. Experimental Design to Vaccinate Guinea Pigs with Various
Reaggregate Samples as Shown in Table 1
E ' 1‘ Amount of vaccination(m/) s intrad ;1
xperi- Number of | . . L 25d 3 ith | Skin-reactions in mm to intraderma
“;;gfg‘ “animals ‘ Antigen® | 1%t 2days . 3days 0days | in :;‘gfn:‘af“ Rt
! ‘ sC sC sc ip
1 5 i A 0.25 0.25 0.25 1.0 0, 5, 6. 3 5
2 5 B | 0.2 0.25 0.25 1.0 6. 0 8 7. 4
3 5 ' c 025 0.25 0.25 1.0 18, 22 27, 27, 23
0. X . 25
4 5 | { A B 0n 05 0 0 0 o0 15
! B I 0.25 0.25 0.25 i
|
5 5 ‘ D ' 0.25 0.25 0.25 1.0 o 0, 0, 0, 0
6 5 | E . 052 0.25 0.25 10 ' o 5 4 0  died
7 5 | F 0.25 0.25 0.25 1.0 4 122 0 0 4
8 5 | G 0.25 0.25 0.25 1.0 13, 1 0 O ]
9 5 ! H,;Ra living cells, 0.01 mg once, sc 16, 18, 23, 22, 19
10 5 [ Non-immunized control 0, 0, 4, 0, 3

sc : Subcutaneous injection ip : Intraperitoneal injection.

Table 9.

Protection in the Vaccinated Guinea Pigs against Subcutaneous Challenge with

0. 005 mg of Hy;Rv Tubercle Bacilli as Revealed by Viable Counts
in the Spleen, Spleen Weight and Tubercles

Skin test was conducted 10days after the last vaccination.

‘ !
Number of] ' “Antigen” for

Spleen observations

Group No. animals | vaccination w‘:i‘; ‘;tha%‘;) Viable counts (Colonies number/lOn{gj ;g:;‘;?éi
2 5 B 1.0 ' 430, 350, 27, 450, 530 -
3 | 5 C 0.8 | o0 0. 0. 0. 0| -
7 5 F 1.4 [ 210, 37, 10, 170, 760 +
9 5 HyRa 1.0 2, 2, 4, 1, 1 -
10 5 None 1.3 | 1200, 7, 53, 100, 2300 +

The vaccination-challenge interval was 4 weeks. Autopsy was made 4 weeks after the challenge.



282 i Bk BTH

B\t BCG i FHEL AV TRk L, hib
SDS A CHM#YS, L & Mg LTA% 8

BT 5, R{WHHMK DL DXz DD L MIHAMN %
BTo =D% DA Sephadex G 150 # i L T ¥ L

L, ®OFilaoak7T—1¥ %, )i, HyRa tk, & L.
Fig. 13.

Multiplication of

Decrease of the number of intracellular

intracellular bacilli

Cytogenesis in Tuberculous Infection (According to
Yasuhira, Mackaness, North and Dannenberg)

.
Introduction of bacilli

Polymorphonuclear -

Enlargement of

Macrophage c - m o e c e e e e =
acrophag -~ lymphoid tissue

Sensitized lymphocyte

Macrophage

activation

" Modification of the surface membrane

) Increased number of lysosomes
Elevated flow of cytoplasmic fluid
Change of metabolism

YA LTS TR 7 — M L1e 25 LT

Ho o, UABEOM
FELtcb D THLH, hb
i3, Mg'* XGAIE Ay 7 7~
W UTENTL L, HREL
Th L OMMGEZER L, EN
BysdicieBi e LTHbN S,
DB, HEAF EHXKD
Lowlia LTENTUE B
Btz 2o0BMED €
¥4 7 @BoN, BERRES
CEORBSE BIGAERTCL
OB NREL ERE LI, B0

B ELE Y PCESR
LT, MfERELV@BNEYE
~tops, Table7, 8, 9 (Z,i7

2 Maturation to X5 imRBeieh, bitbno
epithelioid cells MEr BT LA ZPT
he Ot —
HHo Lo, RIFE—%HET
. Hr@ i LTL, EOKL
stablished "
tubercles BFOREINTi2EL, B
Fig. 14. Hypothesis for the Mechanism of Resistance e < i&&#&jé BicHE
to Tuberculous Infection LTEZT LRSS %o
>
g R HORE
E Antigen — Sensitized lymphocytes ——e MIF 9 REERHBNORAENH
s & Mace T EH
o — acrophages
&2 BEERTREINBISX
o 1
5: % Activated macrophages ﬁ&%g&@wﬂﬁ‘;ﬁfi, 0%
g RE*iRz7-HB4E, Thbirik
ST S — BENTEBNLLEREIM
anc ctivate c b Modificati .
glycolysis tld‘?d of Iysosomes | odification of SR B %2 Ve BR
cytoplasmic flui architect f - —
surface n\:(:;b‘:'ane i, LIS FREDHAA
EEFRL2TLTE, T
. 1 ThY, TRBE T B Do
e Production ncreased frequency of i -
S | of llad:ti:: };:0?;::: :fnh Enhanced Fig. 15, 14 2o oBFEE L L
5 . ; - v
2 aci phagoeytic vacuoles phagocytosis TKREHOWEEZEZ L OoTRER
£ LbbhicmR L BRI, B
o
g Exposure of b DR BA U TRELERR
g Excretion of components MOBEYEXMCER LD
> lysosomal components
= into DTHbo
.a phagocytic vacuole .
< REEOBRACH LTETS
é Contact between the EERamnXRORKE»xH Y, Th
£ Decrease of  ___ 2Mtered membrane MR~ 7 v e SR BRE
intracellular pH within vacuole ‘
§ hzo, BERoofilicAE I

Activation of

bydrolytic enzymes —————— Digestion of

killed bacilli

TERACHEEL, HHEES—
WThotcZ DAEREROBA



1971 % 7A

B ZHU00, TLC@MA LAY v—rD—Hiiis
EMFRCERODZMELTH YL OLELLND, X
BiZ, 74V V' —a X hBRANICHEB X oKX S
OMOHEN, BERTMEEMTHETHSS = LITHEE
Ihd, TOXSHRRETTL, —RAEDOZ LLBY
CHBTHI L, HWHEr AR LS AEKETH S
DT, ThEX~<VADIX DEESHL, TOMRLK
AT ik oTHie, BHEBSANTOMLE LD
THEYHETELDLITTH D, TTrRBNLLSiC, M
RATOR L MBS E L oBGEORKE VAERARL
LTOROFCEHEI AR TN, ML LT, “self”
LD “non-self” B OREEC L DT, RIEFY v
RNEROFBENFIREI NS AHEM L, Burnet o I PA
DETHAV e NS LTRIEY v EHETA L,
DEDRILALPDOBFTHEIHIC~ 7w~ S0 H)
WL, TOTBEMBEYRL, T, ZhuxiEieds e
E2H6NTWB, SZTEHT, v 2 e ~— I RERE
ERRLS ARABE D, EMHOES b, BMAHBR
Sh, AREHT EEEMERICEET 5, UER BS
T 5 R RPUC R T 5 # cytogenesis & B iE%h R
LOBIRTH D, RIFBIMICI TRFRPH LTI
hBEITZ D X 5 ig cytogenesis HIEZ b, HEIHMD
FLL e A LA AT T 5 LEHBA IS,
T, v 7v~—UOEEL Ll s 5 HEZ
2WT, Fig 4 i2F L Thi, ZOR D FiTRrT4
FRFCOVTIE, ERBEHOEE A D 2 % W
2 SROWMRLETTHD5 2 TOFERIELT, %
i FREDHMADERXERTHANT. HLTEH
LI DTHBo

#H &

FREVRDICHIZY, TOBEYRELTEVE
LicReRILA#E, BEREGE L, T LTl &
ROFHELCOUILEBMOFYRELET,

REBHRERBOAELHRTTL A LDTEE LD
&, FHOHMRAMKR ZBHREZILD, £ 0%kE
RABEOZIEE, ZHACIH LIS EbHLAHFS %
THH Y ERAN, L RBXKEFBRHEELE T &Y
BLT, ABEL, REEL EBEL UAEL R
L, Tofsl Db bWELD ZEY, ZHE
Wl EE Lk, BELXBHLPLATET,

WRERIC LoD TUL, HRFREDTESTIEL,
BHE—-KOZHHCAS Z L2kEL, BLTHEY
*®LE,

283

X L3

A) KMEDP LIS LY

1) Kanai, K.: Japan. J. Med. Sci. Biol.,, 20: 73,
1967,

2) Kanai, K.: Japan. J. Med. Sci. Biol., 20: 401,
1967.

3) Kanai, K.: Ann. New York Acad. Sci., 154 :
Art1, 177, 1968.

4) Kanai, K.: Japan. J. Med. Sci. Biol., 21 : 103,
1968.

5) Kanai, K. and Kondo, E.: Japan. J. Med. Sci.
Biol., 21: 405, 1968.

6) Kanai, K. and Kondo, E.: Japan. J. Med. Sci.
Biol., 21 : 415, 1968.

7) Kanai, K. and Kondo, E.: Japan. J. Med. Sci.
Biol., 22:131, 1969.

8) Kanai, K. and Kondo, E.: Japan. J. Med. Sci.
Biol., 22:309, 1969.

9) Kanai, K. and Kondo, E.: Japan. J. Med. Sci.
Biol., 23:295, 1970.

10) Kanai, K. and Kondo, E.:
Biol., 23:303, 1970.

11) Kondo, E. et al.: Japan. J. Med. Sci. Biol.,
23 : 315, 1970.

12) Kanai, K. et al.: Japan J. Med. Sci. Biol., 23:
327, 1970.

13) ©HFME - AHEST : £ 44:211, B4

14) BIFFE -« THREBT ¢ 58 4:217, B 4.

15) S EE - THRET : % 44: 351, BB 4.

16) SHFFE - THREBT : B 45:171, BB 45

17) SHHEE  OHET : % 45:440, B 45.

B) Xao5|HHR

1) skHEF: @7, No.12:71, 1970.

2) Thorbecke, G.J. et al.: J. Histochem. Cyto-
chem., 9:392, 1961.

3) Allison, M. ]J. et al.: Am. Rev. Resp. Diseases,

Japan. J. Med. Sci.

91 : 713, 1965.

4) Saito, K. and Suter, E.: J. Exptl. Med., 121,
727, 1965.

5) Segal, W. and Bloch, H.: Am. Rev. Tuberc.,
75 : 495, 1956.

6) Bekierkunst, A. and Artman, M.: Proc. Soc.
Exptl. Biol. Med., 105 : 605, 1960.

7) Hart, D’Arcy, P. and Young, M.R.: Stain
Technol., 44 :11, 1969.

8) Fleischer, S. et al.: J. Cell Biol., 32:193,
1967.

9) Goussault, Y. and Bourrillon, R.: Biochem.
Biophys. Res. Commun., 40 : 1404, 1970.

10) Burnet, M.: Cellular Immunology, Melbourne
University Press, 1969.





