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MITSUO TORII, OSAMu 1<uRiMURA, SAYAKA UTsuMi, HARUO NOZu
AND TsuNEHisA AMANo

Decopsulation of Bacillus megaferium*

DC1m'I"! errr o1 Bftc!eriologj. , Of"A, I Unite rt!Ij. Medical Sch o01,
fin, ! D epn 71/11e"I o1 In lint, n0!o9 , I'he R",,, FC/I mrt, '! wig 101

A1^^robih! Dire"JeJ. Of ak, Un!'t. ,,, in, , Qinkr!

Sui\IMAR\'

Th, dccapstilatiiig agent of the dog liver ,XIrart '11/11ve against 11\ing encapsiilatccl B
"legal, 1111/11 was I, ro\'ccl not to be tissue Iyso/yine. Tllis 15 contrary 10 litc results of tile
I}. soyyiite-niediaied ticcajisulation of Ihc jointalin-killed organisms Tenortcct by \\'CISliimci
(1953). 'I'hc dcca!)sillaiccl CPIls \VCr" still aji\e and capalilc o1 liein, , uricajisulaiecl when
growlt 01t a It"\v ITicdium

'1'11c rel, as, cl capsu!at 5/1/'51aitc, s werc sc Datated into Ihre" Ir;it lions 1:1. electronhoresis
011c was Iiro\'CLI to be Iiurc 1:01ygltiiaiiiatc and o111cr two wei', tile association I, rodLicls o1
1,011 glumiiiaic willI Dinei suiist:inccs slitl, as an rigenic 1.01ysact halide. Thus, Testilis indicatc
111. coinji;cx siriictLii, of 111c capsulcs of B. 111eg"1,111im

(Rec, it, rl for publication, Dec, "Ib, I 15,1959)

I\TRODUCTIO\

11nzyinatic CICSti'uctioiT or the I)actci'Ial capsules 11T sc\, ei'a1 11Tstanccs has liecn
Tenoitcd. I)unos and Avery (1931) demonsti'aled ait enzymc nom a soil o111'anISIn
capal)IC or Il}, di'o1yzing Iypc 111 1.11Gumococcal capsulai I'Dlysaccharide, not only
\\hcn nullficd, nut also in the capsula^ condition \\. illi the intact cell. NICClean
<1941) dcsci. incd ITyalui. o1Tidase, \\'hiclT dccomposccl hyaluionic acicl capsules or
.SII, /,/, 11nr, !!.\ ;:IOUj, A and C. I{urnphiics (1948) IOUncla Iihaye cnzymc \\'hich splits
the capsules or Iwe'll, /!ii 41, Ing, lift

'F1\c dccaj, SUIaiioiT orB. '11/1hi',!11'.\ \\'as fii'SI desci'Ibed by CIOinartic ,! "I. <1947)
111 their ITistolo, rical studics or Ihc infected 1'0ci or I. CSisiani animals and jinmunizcd

Tabl)its. \ordl)ci. ,r (1955) roundin in 11/10 exj>ci. linent that c, r;: \\hitc Iysozymc was
effective in dcsti. oyiilg the capsules of B. ,!"!AJ'nri. \. 'ToIii (1955), one or 11tc piesent
authoi's. also round ail cnzymc-11kc a, ,ent in do, , live: cxtiacts cal)able or splitting
the capsules or the same o1'ganism. \. Velshimci (1953) CICSci'Ibed Iysozymc-incdiatcd
decapsulation or foi'malli\-killed B. 171eg(!/'71/11/1 and Tonicsik and Cuex-HDlzci' (1952)
TCPoi'Iecl Iysozyme incdiatcd decapsulation of living Brrrilh!., I\I. As Tolli (1955) also
reported that his dog livei' extract could destroy the capsules of B. Inega!e!fillii. thc
authors restudied the natui. e of the decapsulating agent for encapsulated B. megn-
lei'!!!In and B. (1)11hi(ifiJ. to see whethei' it was tissue Iysozymc, or a cjuite distinct
entity.

* A \, cry sillall part of the rescarclt reported in this document it as been made possible
through the SLIPport and sponsorshij, of the U. S. Department of Army, throurrh its Far East
Research Omce

265



266

The present paper reports separation or the decapsulatiit^ agent from tissue
Iysozyme and studies on the chemical nature of the capsu!at substances liberated
from encapsulated B. mega/8111/1n during decapsulatioiT by a partially purified pre-
paration.

TORII, KURIMURA, UTSU!\. 11, NOZU AND A\IANO

B, !filmJ nigori!e, !Mill strain A5: The strain was kindly sent I^, Prol'. I. Tomcsik ironi
the Uni\ ersity of Basel. Tlic name was given to Ihc strain in this laboi. at Dry

B"cil!tt$ finth. ,, ci, film'?I 1101/1/1n : 'This SITaiiT was also furnish. cl throngli Ihc couriesy
of Prol. .I. Tomcsik

2. Cull", e Incdth, ii

A small population of B Inggnte, !"111 was seedetl in a medium con-B nzeg", erii, n,

tailiing Polypeptone ( I it, Takeda Co. ), casein hydrolyrate ( 0.2, * ), \'aC1 ( 0.2 % ), KH, PO,
to. 31? ), yeast extract (0.5%) at pi-17.0. Tlle mediunt was incuhaicd with mechanical
shaking

To 89 I111 of meat inIusioiT \VCrc added 1.0 g of ProtCosc peptone (Diko),B. an!hidci$

and 0.5 tr of NaCl. T'he I>H was adjListcd to 6.8. To Ihc stetilyzcd solution were added 11
in I of sterile 7 per cent NaHCO, . T'he meditiiii was seedctl anti the container stoppercd
alld incubated with mechaiTical shaking

B" c, eI Irr

\IATERIALS AND A-IETHODS

Po!), glutamate '71/1'serm?I: The saline susptiision of neat killed encapsulated cells o1 B
Jinihraci$ was repeatedly Injectecl intra\, enously 11/10 rabbits according to the descrij)tion of
TDIncsik and Ivdnovics (1938)

B. megater!"in nittiJe, 1,711: TITe saline sus!*ension o1 neat killed encapsulated cells of B
niegnter, 11n, was repeatedly in Iected intravenously into rabbits. .\iter IJleecling the animals,
the antiserunl from each rabbit was tested for the I, recipitin reactioil with capsular polysa-
cliaride and with the capsular polyglutamate of B. meg"1,711, in. . The antisera, which gave
a positive precipitin reaction with polysaccharide and 1101 with polyglutamate, were seiec-
tivcly Lisecl in this experiment. Samples of polysaccharide ancl polyg!Illamate of B. nieg"-
termrit used as alitigens were the same salnjiles as tiescribccl in our IJr, vious naper (Listi-
inI at n!., 1959 )

+. Deteclion o1 (!ecnptul"tio?I

To 1.0 inI of saline suspension o1 the encapsulated organisms was addec1 0.1 (or 0.2)
inI of the enzyme preparatioii and the mixitire wars incubated at 37 C. .\iter from 10 to 30

incubation a looplul was exainined under a 11.1croscopc I, y tile iiTdiaii Ink method

5. quftnti!"if, .e ripie Frill?milon o1 polyi"FCh"rule

The arithrone niethod was employed (Cliting at n1. , 1954 )

6. Qitn, ,titati:, e rifte rniinnttoii o1 fungi"Inmate

J'0 3.0 In I of I. he reaction it11xture wereKreaiii's saltanin method was 115ed (1954)
added 7.0 ntl of 20 I, cr cent ITichloroacetic acid solution and the centriliiged stipernataitt was
shaken three times with 30 In I allquots o1 ether to rumovc trichlDTDacetic acid. 2.0 in I of the
water layer were put in a 10 inI \, o1umetric flask containil, g 2.0 ntl of 0.1 per cent salriinii\
O and 2.0 inI of citric acid buffer at pH 5.9. T'he voltime was IJroitght up to 10.0 inI by
adding saline. Alter standing for 30 min. at room tempeiaturc, th" irisoliihle complex of

3. ,\ntiscra

min



polygltitamate and saltanin O was centrifuge:I down and 0.4 in I of the supernatant was
diluted to 100 in I. The optical density of remaining safranin O in the diluted supernatant
was estimated at 520 in14 by a Goleman junior spectrophotometer using a model6-310 B

The an1011nt of }holyglutamate was calculated through the amount of safranin Ocuvette.

precipitated

7. Detection of polyg!art@inic acid on paper $trips after electro*horesis

The details of the method are described in another paper in this journal (Torii, 1959c).

DECAPSULATION OF BACILLUS MEG. 4TERll/M

RESULTS

I. Sepalalto?I of the ofec@15141a!ing agent fom 17sozyme in a dog liter' ex!r@ct

For this study it was tried to remove a Iysozyme activity from the crude ex-
tract of a dog liver.

267

Fig, I. Action of the decop, ulofing o9enf toward encopsulofed B. me901erium.
As Encapsulated B. megalorium

B= B. megoferium decopsulofed by the decop, uloting agen.
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A fresh dog liver \\, as homogenized with twice its weight of saline containing 0.1 N
acetic acid, and freezing and thawing was repeated several ti, nes. After centrifugation, the
supernatant was neutralyzed to pH 7.0 and again centrifuged. The supernatant was
fraction ated with ammonium sulfate and the precipitate obtained between 66 and 100 per
cent saturation was dissolved in a minimal amount o1 water and dialyzed against saline
Bentonite (Wako Pure Chemicals) was added to the dialyzed solution (crude extract) at a

Therate of 15 rug per inI and the mixture stirred well for 5 min. at room temperature
was adjusted to 3.0, then jin-pH of the red supernatant after centring ation (R-fraction)

mediateIy neutralized and centrifuged. A yellowish supernatant was obtained (Y-fraction)
Y and R fractions were very active in destroying the capsules of living B.

mega!ei'turn. The capsules disappeared completely within 5 minutes as shown in Fig.
I. During decapsulation, the chains or the bacilli were not separated into indivi-
dual cells.

when a crude extract was added to a suspension of living encapsulated B.
1718gtt!87n, in, decapsulation and bacteriolysis proceeded in parallel and after from 5

became almost clear. The crude cxtract con-to 15 min. the turbid suspension

tained 30 16g per in I of Iysozyme, estimated as egg white Iysozyme. The bacterio-
Iytic activity of Iysozyme could be completely inhibited by 0.1 M magnesium
sulfate in final concentration. The decapsulating activity was still restored in the

examinedpresence or Mg". The effect of egg white Iysozyme (0.5-10 ILg) was
in the presence of Mg". Lysozyme in the presence of Mg" could not destroy the
capsules. From these experiments it can be stated that Iysozyme plays no role in
the decapsulation, the decapsulating agent being an entirely distinct entity.

ToR{I, KURiMURA, uTsuMi, Nozu AND AMANo
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Fig. 2. Chromatogrophic diagram of crude dog liver extrac*.
Column, 3 x 30 cm of bentoni*e-hyRo supercel mixture 11 = 101; gradient elufion,
from saline to sulfuric acid in 20 per cen* pyridine IPH 4.01; 5ml per tube.
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DECAPSULATION OF BACILLUS MEGATER/UM

This was confirmed by column chromatography using bentonite as an ad b t.
A glass cylinder (3 x 40 cm) was filled with a mixture of bentonite and H fio an er I

(1:10) to a height of 30 cm. 10 inI of the CTLide extract was added to the to of the column.
Gradient elution was carried out ironi saline to 20 per cent pyridine-sulfuric acid ( H
4.0 ) . Each fraction was dialyzed against saline and then assa ed for its deca ul tin rid
bacteriolytic activlty. The results are shown in Fig. 2.

As can be seen from the figure, the decapsulating and bacteriol tic activities
were separated. Thus the decapsulating agent and tissue Iysozyme are definiteI
quite distinct entities.

2. 1:1er! of pH find lied/ Jinbili()! of Ihe dera/Ifi!Idling adjt'i4y
The Y ITactioi\ \\, as used in this test. As shown in F1 .3 the activit was .-

pressed by the highest dilution which permitted splittin, ' of the ca suies in 20 in'
incubation. The highest activity \\, as found at pH 3.6 to 4.5. Thou h the contr I
cells \\, ere not agglutinated at a pH 10\\, er than 5.0, the decapsulated cells were
agglutinated, as shown in Flu. I B. Following experiments \\, ere errormed at
about pH 6.0 unless otherwise mentioned.

29

28

27
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Fig. 3. Effect of pH on the decopsulafing activity.

The Ileat stability \\, as examined at pH 3.0,7.0 and 8.0. At these
the activity \\, as lost by heating at 56'C for 30 min.

3. Fn!e of der"/,$11!aled fellJ of B. mega!elf"?11
Dubos and Avery (1931) stated that type 111 pneumococci, when deca SUIated

by the enzyme splitting type 111 polysaccharide, could gro\\, and in addition the
bacteria \\, ere able to reproduce their capsules on further incubation. After the
capsules of B. mega!eriM?n had been destroyed by treatment with the Y fracti ,
the fate of the bacteria was investirrated.

To 2.0 n, I of the encapsulated bacterial suspension containing 3.5 x 107 cells (chains)
per in I were added 0.4 in I of the Y fraction. A tube containing the same amount of bact r' I
suspension and 0.4 inI of saline served as a control. After the tubes had been inc b t d
at 37'C for 10 min. and complete decapsulation had been observed, viable counts wer d
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270 TORII, KURINIURA, UTSU\, 11, NOZU AND A XIANO

Table I. Viable counts of decopsulcfed cells and normal cells

As sho\\. n in Table I, the dccapsulated cells were still alive. \,\'hen such decap-
SUIated cells were grown on the surface of nutrient agar, all the colonies werc
inucoid and the cells \\'ere again encapsulated. it is VCry Interesting that the
decapsulated cells of B. Illegal'11/11n behave in the same manner as the cclls of type
111 pneumococci \\ heIT they grown In a fresh medium.

+. 51th flu", eJ lib, I'd/241 loin Ihe tnnJiileJ of B. megulfi'ill!11
it is \\'GII-known that thc capsules or B. in, g"/, 1'111!11 are coinposcd of I'Dlysac-

charidc and polyglutamate, and Ihc chemical sti. uctuie or the Iatiei. ITas been
shownin this laboratory to bc y-copolymcis of D- and L-g!uiamic acid (Torii, 1959a;
LISumi at a1. , 1959). To confirm the liberation of Ihc capsulai materials during

Bacterial suspension

Liver extraci

Saline

Viable cells

decapsulation, polyglutamatc antl polysacchai'Ich. libciatcd from 11^c capsules I>y
thc R fraction \\ CTe estimated.

The CDCaj, $111aied cclls \\, crc washcd Ihrcc 11nics willI nitric ::11<1 jusu;I, cud, d in
saline. To the dullsc SLispcnsioi, was addcc1 1/10 its \.,!time of Ihc R fraction. T'he 111ixiur,
\^as inctibaiccl at 37'C. .\L rho 11/11* 1.1, :\a!, showi, in 1'13. J. samples \\. ci. inkcii anti Iht
allioLi!its of polys1.11niiiai. an cl noh stitcharidc \..'orc '51/1!in I'd

Tesl

2.0 in I

0.4

Conlrol

3.2 x I o7

2.0 in I

0.4

3.5 x I o7

200

15 A
X X

I00-

119

50

I

60 120

,,. lime (min. )

Fig. 4. Capsular substances released from encapsulated B. megalerium
by the decopsulcfing agent.

A , Polysaccharide (by arithrone method)
B , Polyglufamote Iby sofronin method)

.
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DECAPSULATION OF BAGl/IL!S A1EGATl:RJUM

As call be seciT in Fi, ,. 4, I>o1ysaccllalldc and 1301yulutamate \tele liberated
dui'ing dccapsulation. \\'hen decapsulatioiT \\. as coinplcic, the amounts of I'Dlygluta-
mate and polysacchaiide reachecl maxima. Tllc curve or polysacchaiide concenti'a-
tioil sho\\. ed a plateau therealtci, but that or poly;41uiamatc clecliiTcd artei. decap-
salation \\ as complete. 'I'hc disaj, pearance or polyglutainate \\'as IJartly due to
Ihc Ilydi'o1ysis I)y y-,, Iutamylasc (Torii. 1959b) aild the small I)cj)tides thus 101'med
could not be piecipitated I)y san. anin O.

5. Pit, '1/1/1111 ie(If /1011 n/ 11,11<'1111, !!11"/r (1)if/ noh:Jin. (A"!'id, IIJr!'(!/,,/ I)'UN! Ihe trillii/,,

,\s the IJolysaccharide \\ as CStimatcd by the antlllone inclhod, the I, lesencc
o1 arithi'onc I, OSItivc substanccs <10.5 ITot ITecessai'11y 11nplv the I)ICscncc or poly-
sacchaiidc. '1'0 IJi'ovc Ihc I)i'scncc o11Jolysacchaiide in the medium Ihc Iiieci-
'11/11 ICactioit \\as I, cifiirinccl and the same i'caction \\ as also call'iccl out For I'Dlv-
glutamate

To 30 inI of a ticns" suspcnsioit of 111e encapsiilatec! cells was addec1 1.3 nlI or the Y
fraction. 'I'he ntixtiire was inclibatcd at 37'C 1'0r 30 niln. whoit tom, letc Liecaj, SUIatioii was
, on finiie, I. T'o litc super natant alter centi'11ugaiioil was added Itichloroacctic acicl at a con-
c, ntratioit of 2 I, .I' cent 10 reino\. c IJrotcin. The n, ixturc was centriitigcd. T'hc suncriiaiai, I
was 511akcii 1011r times \viih eihcr, It cultalizccl anti finally iyoj, 1111/1, d. T'hc 11.0philizctl init-
lei iai was Lisecl as antigen tm the qiialitati\c 11rccipiiiit rcactioit. As control antig, ns,
polygltitamaie anti I'Dl\ saccharicle o1 B. nieg", 11urit wcic used. Polyglutamatc was I, TCPared
froTii thc encaj)SLilatccl cclls according to Ih, descriptioiT of 11aiiby and Rydon (19.16) and
a solution was madc 1:1, dissolving 1.0 ing in 10 nil of saline. Polysaccharide was extracicd
fruiti 11\e encaj, SUIated cells according to tile ITiethod of Tomcsik anti Cuex-Holzer (1951).
Tlie antigei} soliition Lis, d was I, repared by dissolving I ing in I O in I o1 saline

As sho\\. n lit Table 2, I)o1y;;Iutamatc and I)o1ysaccharide \\. ei. c shown to lie
libci'atc(I from the capsules

271

Table 2

An lis e r.

Polygluiamoie an!iserum

Polys. ccharid e on lise rum

Normal serum

Antigens

Precipiiin reaction of co psulor su bstonces released from

B. megaferium by the dog liver extract

6. Eieni'OAhn!t/if liar/10/1"/!'oil o1' rd/illi!rr} Jiib, /nilreJ libel'n/ed b), 1/1, offr"/J. \111"/ill. g ifAJtii/

T'his expel'linent \\'as made to sec, \\'he the I' I>o1y, ,jutamaic and capsulai 1.01y-
sac charidc wei. c associated.

'I'he lirejiaraiion of the capsula^ substant es was the sanic as that in the prim. expcri-
merit except that the super11atant (Ttibe No. I ) containing the capsii!ar substances separated
froiil the bacterial cells after 30 n, in. incubation was clividcd into two equal portions. One
IJurtion was furiher inclibated at 37'C for. + Itours and thci. dcproteinized as described
allo\. c. The ot!Ier IJoriioil was immediately dcproteinizcd. The tube (No. 2 ) containing the
liarteria1511spelision and saline in lilace o1 the Y fraction and the tube (No. 3) containing

Polygluiomole

L

Capsulor
polysoccho ride

Capsulor subsionces
released Irom B. megaferium

by liver exiroct

+

T



TORII, KURIMURA, UTSUMl, NOZU AND AA, IANO

the Y 113ction and saline in place of bacterial suspension served as controls. They were
treatec! in t!le same way as the experimental tLibes. Each batch of Iyophilized materials was
dissolved in 0.2 inI of 1/15 M sodium acetate and streaked on filter paper (Toyo filter paper
No. 51,2 x 40 cm\. Electrophoresis was carried out at 500 V for 2 hours in 1/15 A1 sodium

Artei' electrophor"SIS, the paper strips were dried and polygliitamate was cleiected byacetate

the technique described by. Torii (1959c). The results are shown in Fig. 5

Origin
C+

272

2

3

C

. I

B

?

'^;;
.,.

Fig. 5. Paper electrophoretic dia grams of CCPsul. r substances released from encapsulated
B. megaferium by the decopsu!cling agent

I. Encapsulated cells + deco psuloting a gen;
2. Enca psulofed cells + saline
3. Saline + decopsulafing agent
C. Polyglufamofe

As can IJe seen from the fi, ure, three spots of poly, Iutamate \\. ere found. Spot
A corresponded to ail authentic sample of polyglutamate. Each spot or thc sample
after 30 min. incubation \\. as compared \Tith the corresponding spot of the sample
after 4.5 houis incubation. Spot C of the latter was fan. fainter and spots A and
B of the latter were inuclT strongei' than those of the 101'mer.

The same experiment was repeated o1T a larger scale Fom. paper strips were used
One was used for the detectioil of three spots of polyg!utaniate. The part of eaclT of the
three strips corresponding to each spot was CLIi ancl soaked in 5.0 inI o1 water at room
temperature for. 10 The other parts of the three strips not correspondin. 10 111e

Table 3. Precipi*in reaction of the fractions shown in Fig. 5
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DECAPSULATION OF BACILLUS MEGATER/UM 273

spots were also soaked in the same way. Each extract was Iyophiliz"d and the residue was
dissolved in 0.5 inI of saline and lised as antigen for. tile precipitin reaction

As can be seen in Table 3, spots A and B contained antigenic o1 Iutamate
and spot C antigenic polysaccharide. The extracts from the pieces not corres ond-
ing to spots did not contain antigeilIC substances. it is very peculiar that the anti-
gelT of spot C did not precipitate with polyglutamate antiserum, although s Jot C
gave a positive polyglutamate ICactioiT o11 papei'.

Thc following experiment was performed to prove that spot C reall contained
polyglutamate. Spots A and B \\, CTe also tested.

The sanlc expel mient was relicaicd in a larger scale. Tll, parts at 6 in CT stri s cor-
responding to earn snot o1 polyglLitamatc were neatecl at 100'C in a tube containin 5.0 inI
of water. The extract was hydrolyzed with 6 \ hydrochloric acid for 6 hours at 100'C.
concentrated and finally dricd i, I ,tict, 0. The r'sidiies wei, dissolve<1 in 0 2 inI o1 1/15 M
soditiii, acetate and 0.02 inI of the solution was sircakccl on I, ap, r. Electro hotcsis was
carried o111 tinder the condition tiescribed abo\.,. Allot drying Ihc strips the were cut in
two longitudinalIy. One niece was Lised for the Lietcctioil of ninhydiin positive sunstanccs.
The oilier was Lised for the cletection of reducing SIIgars willI ammoniacal sil\ er nitrate. The
jestilis arc presentc(I in Fig. 6

C

.-

b
>

J=
.

=

Origin
+

^co

u O
a-

= =

E o1
E=
a ,;

I

91ucosomIn e

,

Fig. 6. Paper electrophorefic diagrams of the hydrolyzofes of fractions shown i F' . 5
A : hydrolyzate of A shown in Fig. 5
B : hydrolyzafe of B shown in Fig. 5
C hydrolyzafe of C shown in Fig. 5

As sho\\. n in the figure, after hydrolysis of spot A on I Iutam' rl
delccted. Thus it is obvious that the substance in s or A was I 91

From both spot B and C considerable amounts of jutamic acid \v d t d
and additional another ninhydrin positive substance \\, as found in b Ih h d . I -
zatcs. The IOCatioil of the second Ilinhydrin positive substance \\, as su " d

,,
$
a

* '.

'I

+

I, 'I
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on the browiT spot given by ammoniacal silver nitrate. 'The electrop oretic ino-
billty to the cathode of this second fraction at pH 7.2 \\, as the same as that o
DNP-ethanolamine and of monoamino-monocarboxylic acid, and it was ess t an

is obvious that the second fractionthat of glucosamine. From these results 11
contained some reducing suger<s) and ninhydrin positive substance(s) other than
glutamic acid.

On consideration or the results of the precipitin reaction and of electrophore-
tic analysis on the hydrolyzates, it is concluded that spot B \\. as a polyg utamate
assodated with a nonantigeilIC substance(s) other than polyglutamatc and that
spot C was an unidentified antigenic IJolysaccharide together \\, Ith unkno\\. n
ninhydrin positive substances and I>o1yglutamic acid. ThouglT the presence o
polyglutamic acid in spot C was not proved by the IJrecipitin reaction, Its pi. esence
calt be assumed from the fact that spot C decreased \\, hile spots A and B Increased
when the super natant containing the capsulai material and decapsulating agent
was incubated for a further 4.0 hours.

From these results it can be stated that the capsules of B. mega!erii, In are coin-
posed or I, o1yglutamic acid together \\, ith an antigenic polysacc ari e ail an
unidentified substance<s).
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DISCUSSION

There are at present t\\, o methods to study the structure of bacterial capsules.
The one is the chemical extraction and purification in combination wit t e
capsular reaction, by which Tomcsik succeeded in clarifying the structure of the
capsules of organisms of genus Bacilli!J. The other is to investigate the course or
the destruction of capsules by certain enzymes. This method has been a opte
by Dubo^ and Ave"y (1931) in theI" studies of the capsules of type 111 prionmo-
coccus. Torii (1955) made use of the second method to study the capsular structure
of B. megaierittm and B. an!frya(if. He employed a dog liver extract \\, hich could
decapsulate B. dinhiftri$ and B. megaterii!in. In addition, he demonstrated the hydro-
Iysis of the capsular polyglutaTnate of the latter but not of the former organisms.
weIshimer (1953) showed that egg-white Iysozyme destroyed the capsules of for-
in aline-killed B. megate!'niln. The crude dog liver exti. act Tolli used was later sho\\'n
to contain tissue Iysozyme. As described in the present report, Iysozyme could be
sepal. ated by chemical fraction ation from the decapsulating agent. Thus the role
of Iysozyme in the processes or the decaj)suiation of living B. 111egd/ei'illm I, y t e c og
liver extract was excluded.

Later Torii <1959b) proved that the hydrolysis of polyglutamate of B. 111egrr-
IeJiitin was due to the enzyme, "v-glutamylase , chemical fraction ation of \\ re
had not achieved a separation from the decapsulating agent. y-Glutamylase cou d
not hydrolyse D-y-glutamyl polypeptide of B. all!Ajarir. The acid hydro yzate o
polyglutamate of B. awlhi'atif contains a very small amount of L-g utamate, t e
amount of which may be explained by a partial racemization during hydi. o ysis
(Torii 1956). If the polyglutamate of B. awlhra, if really contains L-glutamate, it
seems probable that the decapsulation or B. aji!friari$ and B. mega/elfitnz was caused
by y-glutamylase. However at present the natuie of the decapsulating agent is



still obscui'c. Enzymes 11kc 11'ypsin, pepsin, papaln, B. Jul/illJ protCasc, Taka-
diastase, amylase and hyaluronidasc do not decapsulatc B. mega/ei'niln. 'The activc
a, ,cnt of the doll livei. exti. act cannot be inhibited by diisopropyl-fluorophosphatc.
it is Inactivatcd by heatino at 56' C for' 30 min. and also by protColytic enzymcs.
It is inclfcctivc against the capsules or some lineii!norotri, some It!, 63ie!!u lineumo"iae.
L, !1,011fjJ/o1 off. \/;,!"ill!ni and some E. ro/i. Futurc \\, o1'k o1T the purification or y-
glutamy!asc \\. 111 solvc the I)roblem.

The capsulai' substances I'elcascd during dccapsulatioiT \VCrc not hornogcncous
as sho\\'IT by clcctrophoresis. They \\. ei. c scpaiated into Ihi. cc fractions. T'hc coin-
ponent moving rapidly 10 Ihc anode (spot I\) \\, as PUTC IJo!yglutamate. T'hc othci'
t\\'o components ( spots B and C) contain othci substances in addition to polygluta-
male. The I>ICscnce of IJolyglutamatc in spot C \\, as indicated by Ihc fact that
allci' a prolongcd incubatioil or 4.5 IlDais spot C bccame very faint and spot A
and B SII. origci. . h cannot yet be explaiilcd \\. hy Ihc I)o1yglutamatc of spot C \\. as
not lirecipitatccl by its antisci'urn an <1 why spot C gave a positive polyglutamate
reaction. Thougll the chcmical ICactioil used 101 Ihc dctcciion or polyglutamatc
on pitp::I' Is ITot pel'rectly SPCcific 101' polyglutamatc <To 1'11,1959c), probably poly-
glutamate Is associatcc1 \\. 111T o1hci' substanccs Iikc antigcnic polysaccharide and is
covei'cd by the substances so that it cannot in UVc on clcctropho!'CSis at pH 7.2 and
cannot combinc \\. jilt I'Dlygluiamatc antisci. urn. Thc polyglutamate in spot B is
like\\'isc associated \\illl o1hci coinpoilcilIs and consequently clectrophoi'etic ino-
I'llity to Ihc anodc \*'as ICss IhaiT that or pure polygluiamatc (spot A).

r\ticnTpis 10 I)ui'11y the dccapsulatin;: agent arc still continuing lit this labora-
101\'. 'TITc mole detailcd 511'uctui'e or Ihc capsules orB. 111eg, !!e!ill"I \\'ill I>c ICportcd
artci' pure dccapsulatinj: agcnt \\. ill I)c obtaincd.
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