211

Kekkaku Vol. 44, No. 7

BCG m#EfEe L £ + DO OMERKKIS Ed 6D
HEEEMEO B L DR
L RS - 7 v = — AW X B MK

& # W O X-H B 2 T
B3 B MR T R

%+ BIm44ES5 A2

SEPARATION AND PROPERTIES OF MYCOBACTERICIDAL
COMPONENTS FROM THE LUNG GRANULAR FRACTION
OF BCG-REVACCINATED GUINEA PIGS*

I. Preparation by Acid-Extraction and Alcohol-Precipitation

Koomi KANAI and Eiko KONDO

(Received for publication May 21, 1969)

Differential centrifugation of a sucrose homogenate of BCG-revaccinated guinea pig lungs
(87.5g)was conducted to obtain sediments at 1,000, 3,900, 8,400, 15,000 and 25,000g for 20
minutes. Acid phosphatase test indicated that the sediments at 15,000g and 25,000g were
rich in lysosomal granules. Each sediment was resuspended into 20m/ of 0.25M sucrose
solution and subjected to extraction with 180 m/ of 0.2 N H,;SO, at 4°C for 40 minutes. The
supernatant of the mixture at 15,000g for 20 minutes were added with absolute alcohol to 20
9% and left to stand at—4°C for 3 hours. The resulting precipitate was collected by centrifuga-
tion. The precipitate was dissolved in distilled water and dialysed.

The preparation mentioned above was examined for bactericidal activity against M.
tuberculosis and B. abortus, incubating 1.8 m/ of the diluted sample with 0.2 m/ of the bacillary
suspension of 1 mg per m/ at pH 5.0 and 37°C. After 4 hour or 7 hour incubation respectively,
serial ten-fold dilutions of the mixture were made, each of which was inoculated onto glycerol-
egg slants (Ogawa type) for enumeration of viable counts.

Table 1 summarizes the yield of each preparation and the bactericidal activity. It is
evident from this table that the bactericidal components were present preferentially in so-called

“light-mitochondrial fraction” containing lysosomes in higher proportion.

Table 2 shows that the preparation was active only in acidic environment and at 37°C. It
was inactive at neutral pH and 4°C. Besides, the activity was masked or neutralized in the
presence of serum. The preparation from 25,000g sediment (FrIV) was further fractionated
by gel-filtration on Sephadex G-150 column with respect to bactericidal activity. There was
an indication that the activity was higher in the fraction of larger moleculer weight (Fig. 1).

Organic solvents were then employed as another procedure for purification (Fig. 3 and
Table 3). When FrIV was added with acetone to final 90%,, the active moiety was separated
as acetone-soluble material. After removal of acetone by evaporation, the resulting precipitate

and supernatant were separated by centrifugation. The supernatant was highly active at acidic

* From Department of Tuberculosis, National Institute of Health, Kamiosaki, Shinagawa-ku,
Tokyo 141 Japan.
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pH, but quite inactive at pH 7. 4.
inactive residue.

starting material.

The precipitate was extracted with ether,

B e BT H

producing an

The ether-extracted material was active at both pH 5.0 and 7.4 unlike the

On the other hand, Frill was extracted only with ether and the aquesous phase was

subjected to gel-filtration on Sephadex G-50 column (Fig. 4 and 5).

Two protein peaks were

obtained, one of which having the larger molecular weight was of the higher mycobactericidal

activity.

All the active preparations were stable against heating at 100°C for 5 minutes.

FERZHIE (PN h) DB, W ERAREILNN S
L A%, Macrophage % b & MDD L D THD &
WO EENAERNTH D, Shut, PR R0 AR
NESThh, B TIRREMOZYED L5
786, RBNOLLELORERIOTEHI LT
BV, Lml, REBHERONENYHBTIE
DHENEREL, TOBBRIOWTIZ, RBHALE
DEHMS, BHEYBIONVEDTRELHESTFL s
DT B,

BRI S TH IR B HEA, in vitro THIKS
ZEMEEXRETL LV O EROLTIZ, FhAHOK
MLEELZC (RT3 THBL, Fhl, Zh
AN S L T ENERE Lok LTh, o
KEREGOHMILERT L6, HELFLLEE
RI7cREBREH L 2 7ev9,

CORBITLHHY, BELHLHXATIORFLE
VHURFESKBHIROZ L THS, BEPH B
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Table 1.

Bt —o0@eEL LT, W~y AL ) BBAYICH)
KL fokbb o ®ith Juliic, TEEHE¥K D acid phospha-
tase DAL TVWIMMBLMEL

R oYYy, ¥ mlkamt - OBIG TR
THEREMANC Zizh BN, KiARAREERL L
Toodi BN ET oIz 5T, EADBER
H—REBETHLA S, Thbb, —H 7L BORKY
HETHIHBROMEHL L TOMRBH L E LB LY
TEBHLY, fb, NEHWROFETEIHLLT. Th
YRNTILELEAO", Z0X5NIUIRT, EES
iz, BCG BEMim X >THALI-=EL 25 ORI D,
ERFEAYEROML, —hXb Zeya- Spitznagel® o f
ECHEEEYHEY TR L0 TlRE T~

REMEHESE

1) AREEOSKE : 6F 400g & <ORBRZEL
€ty MY, BCG 7277 v Smg ¥A T KBREGA
A REEML, Fic38% o 1mg ¥BRACH
BEL7, 1 ABBLTED 1I0IEFDM 87.5g) #E
BICBtL, THELEy POMOEEN 3~4g 75
b, oM 2~3 i@l 22 IO
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Alcohol-Precipitation from Sequential Centrifugal Sediments of a Lung

Homogenate of BCG-Revaccinated Guinea Pigs

Acid phosphatase

Antibacterial components

Centrifugal force (g)
to obtain sediment

activity* of
| sediment before

1 < Yield as
| acid-extraction
{

protein** (mg)

Bactericidal activity*** (Viable counts per mg
bacilli exposed to e-ch component)
Protein** concen- Mycobacterium
tration used for tuberculosis Hj;Rv
test (p#g/ml) ‘7T hr exposure)

Brucella abortus
(4 hr exposure

1,000 (Discard) ‘ |

3,900 (Frl) 1.58 9.86 117 4100 25108
8,400 (Frll) - ifiu 1.66 | 4.84 80 3% 10t <1x102
15,000 (FrIll) . 1.62 . 9.99 i 58  23x102 <1x102
25,000 (FrIV) 4.22 ’ 5.65 \ 22 59 x 102 <1x10?
Buffer control ‘ ‘ | 31 %107 ) 13% 108

* #M p-nitrophenol released from p-nitrophenyl phosphate by mg protein at PH 3.5, 40C for 30 minutes.

** Tyrosine estimation by Folin test.

*** Bactericidal test was conducted in 0.01 M acetate buffer of pH 5.0, in which the bacilli were suspended in
the density of 0.1 mg per m!/ and exposed to the components in the indicated protein concentration.
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#HEit, CaCl, % 3.3mM 4 ¢ 0.35M o %
BER 10m B LL, 0CiisWT
Waring blender » B\ TRE 20 HMkEy
+4 XLt Fic CaCl, % 3.0mM 4% 0.25
M ERAHE 440ml vz, #¥—LRBLITE

ot WHK 3,000rpm, 20 HRLAILL, WB 5§
YT TTER B, Chidlk SUGROMY IS
{#MLT, 3,90g, 8,400g, 15,0008, 25,000 &
g TO 20 FMOFTRIIC L OT 4 Mokl CF
¥f8ro EhER, MgCl 5mM % &5 025 38
M PEREMSH 100m! THRILHML, MILEE: O
20m! ORKICHTFEL, & hb O phos-
phatase FE¥E#HIE L T, lysosome &K @ ©
—ODIFE L L1,

2) MEWSEO TR SCETRERL. o
iz 0.2N oFif 180m! *pnx, 4°C T 40 ¢

srhititk, 21,000g 20 RA0EIL T E#EE

o SO LI T LT~ A% 20% iz T —4°C
CIHMKRE L THBRERX GO, Thk 3,000rpm
20 SRDEMIC X > TS, 20m! GO RAKIC &
L, ZEZKen L TERL TR E L, HREMBE K
Dt 4 EOEKWMBEONEFIZ LA 2T, FO G %
Frl, FrIl, Frlll, FrIV L0 5= bind 3,

3) Acid phosphatase &tk JIE : Beshth gl © £
WhEOEVTE S & & b, &m&EMEA Triton X-100 %
0.1% iz, MgCl, % 5mM = &tr 0.25M R
BEHEL,4°C @ 30 7@, 21,0008 20 3L L TE
D EEY B, ZhicowT Folin % 12k >TEH
BEXPEL(Fr o vHER), ¥7:0.5%p-nitrophenyl
phosphate ##'H - +5% acid phosphatase & % HIE
L1 Thbb 0.1M ERp#E# (pH 3.5) % 0.8m/,
% 0.1ml, 2 %E 0.1m!, EDTA 100uM % 0.1m/
RBUTRIERE L, 40°C 30 S3fElf4 vF oM P LD

Table 2. pH- and Temperature-Dependent
Bactericidal Activity of FrIV on Mycobac-
terium tuberculosis (HyRv)

Fig. 1.
Gel-Filtration on Sephadex G-150 Column (2.5x30cm)

Temper- [__\_r_iab_l_e_ counts per mg bacilli*
pH ature 1 Sample (FrIV) | Control (Buffer)
(58 ug protein/ml)

4.1 37°C <1X10? 23X 10°
5.0 37°C 26 X 10? 41X10°
37°C** 11x10%
4°C ! 43X%10°
5.6 37°C | 65X 10 43%10°
6.5 37°C 67 X108 9Xx10°
7.4 37°C 5X10° ‘ 11X10°

* The bacilli were suspended in the buffer in the density
of 0.1 mg bacilli per m/ and incubated at 37C for 3
hours, with or without the sample.

** In the presence of a 1:10 diluted bovine serum.
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Fractionation of FrIV (2,82 mg as Protein) by

with Respect to Bactericidal Activity

0.2
A
e~
~
\\\
.
S
0= Ta ] Bactericidal aciivt
“ 93 10° 610" 8100 305100 Hruceils ubarius :
Buffer control  30ug/m!  38ug mi 42ug'ml indicated protein concentration
10 15 20 25 30 35 40 45
Tube No.

Conditions of the test were the same as those described in
Table 1.

%, 0.5% NaOH # 2ml fnx TRIE%X k¥, R p-
nitrophenyl # R L, “hi 420muy THETE
Lte, €rbsfilic NaOH # iz ey o773 v2LL
foo BMHEA mg X4 0K #M p-nitrophenol % 3,
DTHERE LI,

4) HEHAR: FEUE L THEHERK 1.8ml, 1M ¥
AL %7 % pHS5.0 # 0.1ml, 1mg/m! © B # 0.2m!
iz, 37°C o —EREMIKRB L7, iz, = D BER
YHEF0EFRL T, TOEFRAE%Y 0.1m! 42>/l

Fig. 2. Time-Course Observation of Mycobacteri-
cidal Effect of FrIV in 0.01M Acetate Buffer
Environment at Two Different
Protein Concentrations
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IS L, 3~4 Wik o KR M & RHEBES
BWTOBBLHMLT, £WBOMP Y 2l LWBIR
Img YhoOYCRBALI, WRELLT, —MizY
— b vARE E 2~3 ARHE O HyRv bk, HyRa &
REAL, TORAKMRLRBIHL LA, BT
7h V4 REKEM (KD RH D Brucella abortus %
AVCTFMEB B R Al

5) YAHE HHVIERGRKC L SHERFOS
i DT THRE,

B OB A4E KTH

FhRFEOTHWDHZ EILiLDo

2) Sephadex G-150 D% F L& RV 1o ¥ AlAIC X
5 FrIV o5 : FrlV o— (2.80mg Z &) %
2.5%30cm @ Sephadex G-150 D% 3 aizhid, KA
KickOTHHL, BHBEL Sml OB Rl £h
BizcowTkEaMYMEL, Figl iR ety @i
P, Bk 5aFROMHmb a, b c D3BEFIC
1F, FhEROBEH O % 8 1% Brucella abortus

Fig. 3. Further Fractionation of Fr IV by
3 | Acetone and Ethyl Ether
FrlV 17 ml
1) &BkoED S @B, 74 (3.14 mg as protein)

2= A%y v O HiEN : Table 1 Added with 153 m! acetone and
iR L X 5z, acid phosphatase f&t4 left to stand for 30 min

73l6 A 5 t, Frlll, FrlV i}: FI‘I, Frll Centrifuged at 3,000 rpm for 10 min
Lhd3ENEMS, = = lysosome Sedirn:nt Supe,rmunt

DEHROBZ LMD, il
Hiz Fril, Frill s X 0t FrIV H@ T
HFHCBEHY b ooRKERD L, FrI i
ZARFEL, HEHEOTHRRO
iz, i &b 3,900g O Ezw
FLLTTAYTHLLE LA TR I h
o BRENRRC AV Ly vIrok

Residue

Resuspended in
3 ml of water

Dried in a desiccator

Ether treatment

Centrifuged at

|
Acetone was removed by
a flashevaporator

Centrifuged at 6,000 rpm
for 15 min

Supernatant (F)

Ether-extract
Sediment

Evaporated
Dried in a desiccator

Residue trace Ether extraction
|

(BARLLT) Besbd, tnsT for 10 min Residue EtherYextract
oo, Fril, 1L IV ofTcoRED Sediment Supernatant Resuspended in
DENERTE DO, —ERET Smi(B) 5 mlof water Evaporated
Boh s ERENES 2D, ToX5k ?ﬁﬁ"ﬁ“
. Resuspended in for 1or£?.'. 1 mg residue
HCBRENELOWROTI RSB L 5 ml of water(A) s
- . TNt ediment Supernatant
EBRWMET B, kaﬁﬁﬁasﬁi =74 5 ml (D)" Resuspended in
DL, FFHL 100°C 5 skl L T Resuspended in 10 ml of
BRALTWA0T, & TiitthiEoR 5 ml of water (C) water (E)
Table 3. Mycobactericidal Activity of Various Subfractions of FrIV (Fig. 3)

Sample (Designated alphabetically in Fig. 3)

Mycobactericidal activity at
two different pH
Folin value

Vaible counts

(OD 700 mg) per mg bacilli®
Water-insoluble (A 0.18%* .
90% Acetone- { uble (A) o1 : g 6x10¢
insoluble Water-soluble  (B) { o1 50 it
Sediment
Water-i
Ether-insoluble { ater-insoluble (C) | 0.446 5.0 16 X 10¢
90% Acetone Water-soluble (D) 0.146 5.0 17 x 10¢
Acetone- — ti
soluble ~ €vaporation | lpiper soluble (1mg/mil) (E) { 0 g‘: 50 <2; iig:
Supernatant (F) { 8 ig ;2 22?%8:
0.01 M acetate buffer of pH 5.0 0 5.0 14% 108
0.01 M phosphate buffer of pH 7.4 0 7.4 21 % 108

* Hy;Rv suspension of 0.1 mg bacilli per m!/ was exposed to each sample of indicated Folin value at 37C for 4

hours.
** 40 pg protein per ml by tyrosine estimation.
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Fig. 4.
Treatment and Gel-Filtration on Sephadex G-50 column
FrlIl 22 ml (5.28 mg as protein)

1
Bounrdu‘y layer Ether layer
Aqeous layer

Treated with ether

as before
—

Boundary layer  Eyher Jayer——— Shaken with 10 ml of
Ageous layer

Centrifuged at funnel

10,000 rpm

L] A h-'
for 10 min Ether layer
|Evaporated
Sediment Supernatant 8 mg residue

Concentrated by
Resuspended in a flashevaporator
10 m! of water
(2.9 mg as protein,

8.7 m!l (0.54 mg as protein)

Gel-filtration on
Sephadex G-50 column

-Eluate fractions (Fig.5)

Fig. 5. Fractionation of Aqueous Phase (0.54 mg as
Protein) of Ether-Treated Frlll by Gel-Filtration
on Sephadex G-50 column (1.5X27 cm) with
Respect to Mycobactericidal Activity
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* Mycobactericidal test was conducted by incubating H;;Ra
strain with selected eluates in the density of 0.1 mg bacilli
per m!/ at 37C for 4 hours, and was expressed as viable
counts per mg treated bacilli.

YRAVTRFE L, FFROBVCFEOFLERILLD
BUWEARLE, BEHRZVCThOTRZIRI ALK
COFERRERFOBMITIIAEY L 206 i,

3) HEHOEMEHROWT FIIV L gEBE L%
BT, REHORRALHKE KR LI, Table 2 1 pH,
RE, LoVt nERAFEOHEBLYILOTHS

Further Fractionation of Frlll by Ethyl Ether

Shaken with 20 ml of ether
in a separatory funnel at pH 5.0

water in a separatory

Aqueous layer
(Discarded)
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2, BRI MYERIRIC S\ TO X P
bh, T4CCoRBETIZARIZLL
Tehotze 10 fEHKME Mk © BE Iz
Wi, PHS5.0 iImis\ W TH 2 124 ¢
7o, Fig.2 i3 58 ug/ml & 5.8
ug/ml C BRME N WO BEMY ¥
RERFAIZ A e b DTH B AL, RELEL
PAEC L EMIFMA R L T X2 IR
ETHoT, 5.8ug/ml T 22 MK,
A BT 1/10,000 LTz kB,

4) T vhEbLUIZzFL—~FL
wXk B FriV o4 : FriV 17 ml (B
ELLT3lmg) COfE@D7 L v
153ml #fnx, 30 4% 3,000rpm ¢ 10
SR L T E Y85, LY
ERELT7 v+ v¥#K &, 6,000rpm
15 FOFRXIC L 2T, BicitlE & L&
LxE5, WBIEHE=—~FT L HEY
Ticvs, pHBER=—FA R LT 1
mg DHEY B, Zhik 10ml OEZR
KB LI, =—F ARHKEI25ml
DAKEHXE, 3,000rpm 10 3 &t
EOTEE LB T ZOBDOILEIR
Sml DKBREI R, 15, MWHDOT
b vHHRER, ERE=—F AR YT
o, MHIA S 2L 0REPTCHOl, =—
FARHERE L 3ml O KICEEEL T 3,000
rpm 10 7358% L, L& L e, ik
1% 5ml DERFKBE LI, iz Fig.3
BIELTco HPEICOWTRENERI LI
Huix Table 3 iITRL7:, HEHHD L SHRE
THhHLLBECE W TORAEY HHEIZ, 9%
T VRABKEFOS L, 7 vk biE
LIcob LB L V- Filiic b i, RAk
ELT 25ug/ml ORETERL LD, =D
B, B LIcBAN0 &otex—FATRBRS
i3, Img/ml OFKRE (BABL L T 8ug/
ml) TEWT, BEDOARLLT, hificisT
LEVWBRENYRL, BB LIHEORKLD L
DIEZLhT,

5) =Fr=—FANE, FAREY B
Frlll o4& : Fig.4 wRL 7= X 5 o, Frlll

22ml (AL LT 528mg) #=—54 20ml & 4
h, ==F 18, $HE KHLCHT o KELPR
BREE=—-FLAEL, TO=—FARBIRHED O
EBELThHK 10ml kL, HBRIZE CTlo =—
TABIEEL T 8mg oYEX B, KM - FHBIR
10,000 rpm 10 35&ik35 &, PRIBIMELch, £
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MEoRL 7, ZhY % Sephadex G-50 D 3 4

(1.5%27cem) jzpit, 0.01M OFMAE®IiK pH5.0 %

RVGT 1M 15ml ORIZCHF Ll L, WHEY 3
ml FORKL fo, ThbieovT, %Kik e HyRa ¥
R T RENERE L7, ML Fig.5 /& L 1,
B2 20&BEE—-2D5h, MPFOHOEHE
DT Y B YHL, pH5.0 (2 35\ T 4105
MR A WE Y 1/10,000 A Fictse Lic, ZD&
E0RAK: Bug/ml 1Y T 2,

» ”

AMECHC a7 2 - A BEE, T
Zeya«Spitznagel® 1, ED LI/ ERD lysosome
SEinnL, HEERTYEESEERAL L THRT 20
Rl hikTh s, COFRIPERCES, S THE
L7k 3z, BCG HEMCI>TARAFEMYSRL - €
NEY PORIICHEALTRIILIEVL L L 5, LL,
BB B, RARviERE LTI R LD
D, Hich ORDOEERXELZ LAHAT, ThiZOW
TIXREJEHRFTH B &5 LIcEKRTIZ, FHE
1zt LA Youmans?'®pi BCG gL €5 F DL
HRECERAL 6B YK (Mycosuppressin) L {ll T
h, ZDbDY 50~90% D7+ b VICAE, —Fi-
KIZHE, BMCBRETHDN REDRLRMT 510y
22T, BENS, BABINED X S hEk¥irL>T
WANISEROBRETHAH, FIBMMH - T
WBRENFK I TEH TR, EBELAZOHET
= RBL D GREL b DIk, HIBADLH,DAC
Lk, CITEMTALENSLDY, Bictl, 0Kk
iz X AL, acid phosphatase 35 Y ¢¢ Cathepsin
DEGEE LIV AT, REBETH X5 REESEHN
YACTOmEY L RS TED, EBCETE,

EECDHHEN, EBED A6 3 Brucella abortus
CHEBTHDZ ik, ZOHRHN BCC BRaEM» L 57
IRl WOIERCIBL T, REENEREYL

R M KTH

o LR ERL TV B, LML, ZOLDHERSY
Mo b SMTEDS, HELIRFETS L THhIIRRE
BRI DM E D SO T, BERKItES T
5%,

o TG L HEMAN TRV T, MRMR oMK
THRRBO AL HETETZ = Lid T & oA, lysosome
Y &H+ B AR, MIEREICKV TOXRKS
YLOWEOMO R LIZEBLTYHROHARYRE
x4, ¥7: Hirsch'? pi% M imERo MKt .2 5
KL HiEmR L OBFIZ DOV TL L2z

AW RRR Y2 T, AXEZEB T RGN
MEANrLDOHRMZAI ELHLKEV, XL THEY
L, ¥ ARIOBERIE 44 A KEERELZTR
RL7--
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