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INDUCIBLE ENZYME DEGRADING SEROLOGICALLY ACTIVE

POLYSACCHARIDES FROM MYCOBACTERIAL AND CORYNE-

BACTERIAL CELLS'

SHOzo KOTANi, 'rAKAi\JASA KATo, To SHIRO A1ATsuBARA,
A{ASAHIKO SAKAGOSHl and YOSHIYUKI HIRACHl

Department of NIIcrobiolog}., Osaka University Dental School, loan-ch0, 1<1ta-kLi, Osaka

(Received September 16,1971)

uMMARY A gram-positive coccobacillus \\, as isolated from soil enrichment CUI-
tures. It could grow on an antigenic polysaccharide from Coiy, ,ebdcterit, ,11 driph-

BIKEx 10LRNAL \:o1.15, I-15,1972

their'ae cell \\, alls, containing arabinose, galactosc and mannose, as a sole source of
carbon, and caused loss of reactivity of the polysacchaiide in the precipitin reaction.
In the presence of suitable inducer, the organism produced an enzyme(s) that degraded
a variety of ITcutral polysaccharides, whose constituent sugars were D-arabinose,
D-galactose, D-mannose, or D-glucose, from n. ycobacterial and corynebacterial cells
and from other sources, and deprived some of them of ability to give a precipitin
reaction \\, itI} the corresponding I. abbit antiscra.

The pieparation, ploperties, and method of ass^, of the enzyme (designated as
A1-2) arc described. Analyses of the digest of an atabinogalactan from BCG cell
walls with the A'I-2 enz}, me revealed that this enzymc ITydrolyzed arabinosidic linkages
by aiT endo-attacl< mechanism, the products being ITigh- and low-molecular-weight
fractions, rich in galactose and in arabinosc, respectively. The latter \\, as shown
to be a very effective inhibitor of the precipitin reaction betwceiT arabinogalactan and
anti-BCGjsei. urn.

INTRODUCT'10N

Enzymes \\, hiclT hydrolyzc aiTtigenic polysac-
clTarides have proved \, cry LISeful in investi-
gating the 11nmunological significanses and jin-
in unochemical structures of polysaccharides
from bacteria and other sources. For Instance,
they ITavc heelT used 11\ studies on enzymatic

I 'This \\orl< was supported in I, "rt by a Grant in
Aid of Fundamental Scientific Rescarclt front the

AJInistr}. of Edtication, nitd!, I Gi. ant fioin the Japan^-
U. S. CoopCi'at I\'u NICdical Sciciicc I'Togrnitt.

I\ydi. o1ysis of the capsular polysaccharides of
pneumococci (Dubos and Avery, 1931 ; Dubos,
1940; Tortiani and Pappenheimer, 1962), of
the group specific C-carbohydrate from group
A Ilemolytic streptococci (Krause, 1963), and
of the blood group substances (Stack and Nior-
gan, 1949; Iseki and his collaborators, 1951,
1952, 1959; Furukawa, Fujikawa and Iseki,
1962; \\'atkins, 1953). Enzymes which
dcpolymcrize polysaccharides Into constituent



oligosaccharides by an endo-attack mechanism
are especially useful in conjunction with chem-
ICal methods, for studyin. the chemical struc-
tures of these polysaccharides, since chemical
attack often results in excessive hydrolysis so
that fragments giving information on the struc-
ture of the polysaccharides cannot be isolated
(Barren, ham and or, , 1968).

This paper reports studies on an enzyme
depolymerizing antigenic polysaccharides from
Mycobacterz'a and related bacteria. Preliminary
reports of this work have been presented
(Kotani, Matsubara and Sakagoshi, 1966; Ko-
tani at a1. , 1968). The enzyme was used to
investigate the chemical structure of a cell wall
arabinogalactan of lilycobrrctei. inni ph/e, ', and
the chemical nature of antigenic determinants
of a cell wall polysaccharide of My cobnctei. z'MMI
twbe, CM/o31\ strain H37Rv, as already reported
(Mi^^ki at a1. , 1970; K. torii at a1. , 1971).

ously (Koiani at a1. , 1971)

4. NON-drn/ysdb/e poit, 'o11 qf the cell real/s of C
diphtheiine soh, 617ised e, 13y, ,lot!'colly (ribbre"fated OS
CDCL)

A specimeiT of C. of, bht/rel Inc cell \\, alls \\. as solu-
bilized by digestion \\. itit Sti'cotoJ, Iyces L-3 enzyme
as reported by Kato, Strominger and Kotani (1968)
The digest was thoroughly dialyzed against water
and the it on-dialyzable portion, composed of coin-
piexes of antigenic polysaccharide and glycopeptide
was iyophilized

MATERIALS AND A, IETHODS

I. Basal 111edr!,, 11 101 '11/1'chille, ,t c!,/1111 e

The prescription of Bake^ and \\;l, iteside (1965)
was followed \\, ith slight nTodification. The medium
consisted of 0.1% (NH, ), So, , 0.2% K, HP0, , 0.0005
% MgS0, .7H, 0, and 0,0005% FeC1, -6H*0, and
was neutralized to pH 7.0

2. CdSn, 11,110 acid (CH-) 30/11t, 'oil. 101 111d!, ctioi, of tile
eii$yiiie

One gram of B"ct-casamino ticid (technical grade),
250 ing of AJIgS0, -7H, O and 250 ing of K, HPO,
were dissolved in one liter of \\, titer and the SOILition

was adjusted to pH 7.2

5. Speci'lite, is of polysncchm','des

Antigenic cell wall polysaccharides ironT BCG, M
t!, bel'ci, /o515 strain H37Rv and C. diphthe, foe strain
Park-williams No. 8 (abbreviated ITereafter as

BCGPs, H37RVPs and DPS, respectively) were pre-
pared by repeated extractions of the cell wall pre-
parations \\, ith a solution of 5 gjdl of trichloroacetic
acid in the cold and by fractional precipitation of the
extracts with ethanol, as described else\\, here (Ko-
tani at a1. , 1971). The constituent sugars of BCGPs
were arabinose and galactose, and those of H37RVPs
and DPS \\'ere arabinose, galactose and mannose

Preparations of arabinogalactan from BCG and
of mannai. from M. t, ,belci, /o31's H37Ra \\, ere gen-

erously supplied by Dr. A. Misaki (Laboratory of
Applied Biochemistry, Institute of Scientific and
Industrial Research, Osaka University), and those
of arabinogalactan, arahinomannan and glucan from
M. ti, he'd, 1051's straiiT Aoyaina B, glucan and galacto-
mannan from Atengi//i's 111,111jnt!, s, arabinogalactan
from Lay, '\ occidental, \, and a rabbit antiserum sped-
men against a. 111,111gnt!, s were generous gifts from
Dr. I. Azuma (the Third Department of Internal
Medicine, Osaka University Medical School). Speci-
mens of am binomannan and glucan from BCG,
and a \\. ater~SOILible polysaccharide from \\, ax D of
M. ti, herei, !o313 strain ADyama B were obtained
through the courtesy of Dr. T. Tsumita (Research
Institute of ATedical Science, To 1<yo University) and
Dr. A. Tanaka (Research Institute for Diseases of
the Chest, Kyushti University), respectively. Dr
A. Kaji (Faculty, of Agriculture, Kagawa University)
kindly supplied specimens of am ban from beet and
a-D-galactosidase from Colt, 'cit, ,I lollsi'I

3. Cell coall prepni atlolls

Cell \\, all specimens of BCG (straiiT Takeo) were
prepared from cells gro\\. n as a surface pellicle on
Sriuton's medium for 9 to 12 dans at 37 C. Cell

walls of C. d, >hthei. 1'0e (strain Parlt-\\!illiams No. 8)
were prepared fronT cells gro\\'n in shaking cultures
in modified Taylor's medium for two days at 34
to 35 C. They, \\. ere obtained by, sonic disrup-
tion, differential centrifugatioit and digestion with
tr}, PSIil essentially as described previously (Kotani
at a1. , 1959). Preparation of the cell \\alls of Af
illbeic!,/o313 strain H37Rv \\. as illso described previ-
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6. Alld/I'll'c"I 111ethods

Identification of sugars and sugar alcohols: Test
specimens were hydrolyzed in 0.1 N it\, drochloric



acid at 100 C for 151Tr, and hydrolyzates \\ere
dried over conc. sulfuric acid and sodium hvdroxide

under reduced pressure to remove hydrochloric acid
Hydrolyzed specimens were spotted on Toyo Roshi
No. 514 paper, and developed by one-\\, a\. descend-
Ing paper chromatography, using the upper laver of
11-butan o1-acetic acid-water (4: I: 5, \, Iv!v) as solvent
at room temperattire. Paper electrophoresis \\ as
carried out by application of 20 \. o1tjcm, in 0.1 xi
sodium molybdate adjusted to pH 5.0 \\. itIt sulfuric
ticid, at 4 C. Spots of sugai's and sugar alcohols
developed o1T the paper were detected by sprtiving
\\'itIT ammoniacal silver ITitrate reagent (Trevelvan,
Procter tind Harrison, 1950)

Determination of it sug, n^. esidue at the reducing
end: A1iquots of test specimci, s (800 Ag of BCGPs
or 300 Ag of its degradation products in 300 A1 of
\\. alter) were reduced \\. ith 20 F1 of Linbuffered 2.50,
sodium botohydride solutioit at room temperature
in the dan< for four Itr, as described by Schiffntan,
Knbat and Leskowitz (1960). Then 80 F1 of 5 N
h\, drochloric acid \\. ei. e added to stop the reaction,
and the mixture \\. as dried. The dried residue was

mixed \\, ith 200 PIOf metltanol, and borates produced
during the reaction \\'ere removed b\, repeated cvapo-
ratioit witlT methanol. After this, the reduced SPCci-
mens \VCre itydrol}, zed \\, ith 0.1 N hydrocltloric acid
at 100 C for' 15 hr, and it sugar alcohol in the itydro-
11.2;ites, den\'ed from thc reducing end, was Identified

us described in the preceding paragraph
Quantitative determinations : Pentose and hexose

were estimated by the orcinol and arithrone methods,
as described by Ash\\, e11 (1957), Lising ambinose and
galactose, respectively, for referei, ce. Reducing
groups (as glucose) were measured by the ritethod of
Parl< and Joltnson (1949). ProteiiT contents of en-
zyme preparations were determined by tite method of
Lowfj, at a1. (1951) \\, ith crystalline bovine serum
albumiit as a reference. The average chain lengths
of BCGPs and its degradatioit products \\ere given
by the molar ratios of total sugar residues to reducing
groups

7. 1711/11/11io/ogic, 11 111ethods

Preparation of rabbit antiserunt to \\. hole cells of

BCG or C. d, >h!heri'tie : The metlTod described pre-
viousl\' (Kotani at a1. , 1971) was folio\\ed except
that untreated cells of BCG (strain Takeo) or ITeat-
killed (at 60 C for one hr) cells of C. dJbhtheiioe
(strain Park-\\, 1111"ms No. 8) \\. ere Lised as an in, -
in unizing aittigen

Precipitiii and precipitin 11thIbition tests : Ouch-
tenon}. double diffusioit in agar gel and tlle quantita-
live precipitii. inhibition test \\. ere performed as
described by 1<nbat and A, layer (1961). TITc ring
precipitin test was carried out using test tubes of
4 mm litter rinl diameter and 70 mm length

TABI. E I. ,$5nji of loss of sei'o10gico/ ledctibi7ji of DPS 111 CHIli, I'e sirpei'rintn"ts Ironi soil
erri', ch"lent cultuits

No. of
soil

specimen

F1'ccipitiii I'eac tion \\'It 11 an 11- C. d, phthei'lire sur Lim"

2nd subculturc in

incdia containing 3rd subculture in media coniainin!! 0.015% DPS
0,00606 DPS

UndilLitcd 1:16 1:32 1:6+ 1:1281:8

2

+

,

6

I

8
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+11
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T +
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Bacteria

degrading DPS
isolated as a

pui'e cultuic

1<01',\Ni at all. fillsyi, if offA1', Idi}In '11/11/1e, !IC 11,111i'"! polysncch, 111Vt$

+;} +H

I\I-2, A1-3

+}

\'uric
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RESULTS

I. 1301ntz'ON Ironz $011 of o12n"1:11i prooft, cmg the
rugyme ofegradzhg polysacchai'I'de

Specimens (0.5 g each) of soil from various
areas were inoculated into 5 inI portions of the
basal medium supplemented \\, ith 0,006'.;, DPS
as a sole source of carbon, and incLibated at
30 C. One week later, 0.2 inI allquots of the
cultures were transferred to 2 in I of the medium

described above. After one week, one in I

anquots of the subcultures were centrifuged
at 9,500 x o for 20 min, and the super natant
fluids were examined for the presence of ser-
o10gically reactive DPS by the ring precipitin
test with anti-C. diphthei. I'de rabbit
Allquots of 0.2 inI of subcultures in which the
super natant no longer gave a positive precipitin
reaction were transferred to 2 in I of fresh

medium supplemented with 0015/1 DPS, and
incubated for one week. The supernatant
fluids from these subcultures were serialIy
diluted two-fold with physiological saline, and
at each dilution the serological reactivity with
anti-C. dt?ficher, 'fte serum was assayed by
ting p"e. IPItin math. d (T"bit I). Th, rub-
cultures (Nos. I and 6), in which DPS ITad
markedIy less activity to precipitate \\, ith the
antiserum than in an uninoculatcd control,

were streaked onto nutrient agar plates and
cultured at 30 C for a few days. Of the result-
ing colonies those with different appearances
were transferred to basal media supplemented
with 0006?, DPS. After appropriate periods
of incubation at 30 C, the cultures were assayed
for their reactivities with anti-C. diphthei. I'de

culturesrabbit serum. The colonies giving

showing a definite descrease in serological re-
activity were replated onto nutrient agar media
Thus, pure cultures were obtained of two
strains which could grow on DPS as the sole
source of carbon and destroy the ability of
DPS to give a precipitin reaction with anti-

One of them, a gram-positive coc-
cobacillus (designated as M-2 bacterium),
was used in the following study.

2. Proofwctt'o11 of errsy, Me by the M-2 bacterz'MM
Preliminary experiments were made on the

effects of the amount of inducer and incuba-

tion period on production of the enzyme de-
grading DPS. The conditions used in the

described belowrepresentative experiment

gave a satisfactory yield of enzyme.
Nutrient broth (100 inI) was inoculated with

a loopful of A1-2 bacterium which had been
grown on a 0,191 Bacto-peptone agar slant
overnight at 30 C. The culture was incubated
with shaking at 30C for two days. Then
10 inI portions were transferred to six, long-
neck shaking flasks each containing 200 inI of
nutrient broth. The bottles were incubated

with shaking at 30 C for 24 hr. Their contents
were then transferred to 16 liter of nutrient
broth in a 20 litei' stainless steel vessel. After

cultivation at 30 C for 24 hr under vigorous
aeration, cells at half maximum growth were
harvested with a refrigerated centrifuge equip-
ped with a continuous flow rotor. The cells
were thoroughly washed successively with
400 inI each of deionized water, PITysiological
saline and CA-solution by centrifugation at
9,500 xg for 30 min. The \\, ashed cells were
suspended in one liter of CA-solution supple-
monted with CDCL (4mgjdl) to gi, . an
optical density at 550 inn of approximately
10. The suspension was shaken at 30 C for
four hr, and was centrifuged to remove the
cells. The super natant fluid was fully satu-
rated with ammonium sulfate and stood over-

night at 4 C. A precipitate was dissolved in
water, and thoroughly dialyzed. The enzyme
solution thus obtained was concentrated to

about 25 in I by ultrafiltration through cellulose
tubing (M-2 enzyme preparation).

3. Factoi. s ofecti, !g the actit, ity of the A{-2
e, ,zy, lie

Effect of pH: To test the effect of pH
002 M buffers, of pH 2.5 to 11.7, \\, ere used
containing one ing of CDCL and an appro-
priate am out of enzyme. The total volume of
the reaction mixture \\, as 200 ,u. I. After incuba-

serum.

serum.

4 BIKEN JOURNAL \!o1.15 No. I 1972



tion for one hr at 37 C, allquots were \\, ith-
drawn for determination of released reducing
groups. As shown in Fig. I, the optimum
pH for the hydrolytic activity of the A1-2
enzyme \\, as found to be around 5.9.

Effect of ionic strength : Specimens (2 ing)
of CDCL were incubated at 37 C for four hr

with an appropriate amount of enzyme in a

200

co
,-.

to
L_
.-.

in
,.
.
co

150

00

*;;.
co
co

o
E
\
E

100

total volume of 200 A1 of 0,025 M Tris-maleate
buffer (pH 5.9) containing various concentra-
tions of sodium chloride. The ofpresence

final concentrations of up to 1.0 A, I sodium
chloride in the reaction mixture had some, but
not very much effect on liberation of reducing
groups from CDCL by the M-2 enzyme, as
shown in Fig. 2.

Effects of divalent cations : Salts of divalent

cations (Cu", Mg", Ca", Ba" Zn" Cd"
A, In", Fe" Co" and Ni") were added
at final concentrations of 0001 M to reaction

mixiure (160 A1) c. rimining 2 ing of CDCL
and an appropriate amount of the M-2 enzyme.
After incubation for three hr at 37 C, the
amounts of reducing groups liberated in these
mixtures were compared with that in a control
mixture without added divalent cations. Re-
SUIts showed that the divalent cations tested

had no significant effects upon enzyme activity.
Stability of the A, I-2 enzyme : Allquots of a

specimen of the M-2 enzyme dissolved in water
w, re h. at, d at 56(t1.5) C f, , 15.30,60,90 and
120 min. The hydrolytic actions of the heated
enzyme specimens on DPS (200 14g)
compared with that of an unheated control
specimen in 200 111 of 0025 M Tris-maleate
buffer, pH 5.9. Fig. 3 shows that the activity
of the A, I-2 enzyme was neat-labile and half
the activity \\, as lost on heating at 56 C for

50

23456789101112
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15 min. Storage of the M-2 enzyme pre-
paration at -20 C for several months, caused
no significant decrease in the activity if care
was taken to avoid repeated freezing and
thawing.

4. actibi'ty , anges of the M-2 enzy"re

The susceptibilities to the I\I-2 enzyme of
a variety of neutral polysaccharides of microbial
and plant origin, containing arabinose, galac-
tose, mannose or glucose \\, ere examined
Mixtures in 0.02 A1 Tris-maleate buffer, pH
5.9, 400 111 \\, ere incubated at 37 C for 24 hr,
and then the liberation of reducing groups and
serological reactivities of the test polysac-
charides were examined. The latters were

semi-quantitativeIy estimated by the serial
two-fold antigen dilution method using the
ring precipitin technique. The results are
summarized in Table 2. All the polysac-
charides tested except mannan from M. tubei. -

carlos, \ strain H37Ra, araban from beet and
arabinogalactan from Lay, :,, occi'de"tai^^ were
significantly hydrolyzed by the M-2 enzyme,
liberating a considerable amount of reducing
groups. It Is Interesting that while the sus-
CGptible polysaccharides of microbial origin
are 1<nown to be composed of the D-isomers
of sugars (NIIsaki and Ytikawa, 1966 ; Azuma
at a1. , 1969; 0hashi, 1970; etc. ), the con-
stituent arabinose residues of araban from beet

and those of arabinogalactan from Layz'x occi'-
dental^;, both of which were resistant to the A1-2

have been shown to be L-isomersenzyme,

(Tagawa and 1<aji, 1963, and Bouveng
and Lindberg, 1958, respectively). Among
the antigenic polysaccharides which
susceptible to the M-2 enzyme, as judged
by liberation of reducing groups, arabinogalac-
tan (BCG), arabinomannan (BCG), BCGPs,
H37RVPs, DPS and a water-soluble polysac-
charide from the wax D preparation of M.

TABLE 2. Degi. addtz'on o1 tini'tows polysncchai'I'des of inICJ'o62h/ nild plant oralgi" by treatment
coati? the M-2 ensJ, me, 2,121h o1. tcz'thout loss o1 the, 'I. abz'fill'es to game a PIEcilpi'tt'" I. errctt'on itIth
the coi'I'espo"dr"g drillsei'a

DPS

BCGPs

H37RVPs

Arabinogalactan (BCG)"

Arabinomannan (BCG)"

Glu. an (BCG)"

I\Iannan (M. rubeicw/o31'3, H37Ra)"
A polysaccharide from \\ ax D

(M. tubei CUIosi's, ADyama B)'

Substrate
Reducing groups

liberated

in/, moles ling

Glucan (A. lit"111!at"s)"

Galactomannan (a. 114",!gains)"

Araban (beet)"

Arabinogalactan (L. occident@As)of

550

585

560

630

295

500

25

a, b, c, d, e Generously supplied by Drs. A. NIIsaki, T. Tsumita, A. Tanaka, I. Azuma and A. 1< aji, respectively
I Minimum concentration (/!gjml) giving a positive reaction in the ring test

anti-BCG scrum

Untreated Treated

Precipitin reaction \\. IthJ

were

1.6

0.4

3.2

O. +

1.6

1.6

> 200
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100

>100

>100

>100

>100

>100

6.3

anti- C. d, >hther, '@e serum
Untreated Treated

210

140

Ir

3.2

anti-A. 1117, it all, s serum
156 156

3.2 3.2

Ir

3.1

> 200

3.1

>100

>100

>100

>100



tuberc"tosa's strain Aoyama B were shown to lose
their abilities to give a precipitin reaction with
rabbit antisera against whole cells of BCG
and or C. d#, hthera'@e after treatment with
the M-2 enzyme. On the other hand, glucan
from BCG and glucan and galactomannan
from A. I"injg"an (Arum^ at a1. , 1969), re-
tained their abilities to precipitate with anti-
BCG and anti-A. I"inakat"s rabbit serum,
respectively, even after liberation of a signi-
ficant amount of reducing groups, though BCG
glucan showed some decrease in reactivity.
Mannan from M. tuberculosis strain H37Ra,
which released very few if any reducing goups
during incubation with the M-2 enzyme, did
not react with anti-BCG serum even before

digestion with the M-2 enzyme.
The antigenic relationships of the test

polysaccharides were studied by the Ouchter-
10ny double diffusion method. As shown in
Fig. 4, all the polysaccharides except BCG
glucan gave one broad precipitation line on
reaction with anti-BCG rabbit serum. These

lines all fused with each other, though spur

formation extending toward the antigen well
containing BCG arabinogalactan was recogniz-
ed between the precipitation line of arabino-
galactan and that of either BCG arabinomannan
or BCGPs. BCG glucan gave one sharp and
one broad precipitation arc, and these lines
crossed, but did not fuse with the lines of

other test polysaccharides. These findings
indicate that the test polysaccharides which
contained the arabinose residue as an essential

component possess common antigenic deter-
minants and BCG glucan is not related anti-
genically to the polysaccharides containing
arabinose*.

Table 3 shows the susceptibilities of a variety
of commercially available oligosaccharides
and polysaccharides to the M-2 enzyme.
In this study, 40 14g of test specimens were
incubated with an appropriate amount of the
M-2 enzyme in 200 141 of 0.02 M Tris-maleate
buffer pH 5.9, at 37 C for 24 hr. Of the test
substrates, dextrin, glycogen and soluble
starch were found to be suceptible to the M-2

TABLE 3. 81, sceptt'621^^z'es of coinmerct'@!dy,
o, 021nble o12^OS@cch@rides and polysaccharides
to the M-2 enzyme

o

FIGURE 4. Hit@/ysis of the antigenic relationships qf
test ite, ,t, @I polysaccharides by doltble fin, ",,"od\,,-
sio" in agar gel

Anti: anti BCG rabbit se, ,, in (70 1.1), AG: BCG
drab, hog@I"ct@" (40), AM: BCG drab!horna""@" (16),
a: BCG glt, can (80), DPS (740), BCGPs (20) and
H37RtiPs (8). Figt, ,es in p@, e, zthesis represent the
amo11"t (14g 40 1.1) of test lyrictt'ons in the antigen
toell.

..

Unsusceptible
Digaccharides :

.

.

Maltose, cellobiose, cr, or'-treha-
lose, gentiobiose, lactose, me 11-
biose, turanose

Trisaccharides : Me Iezitose, ramnose

Tetrasaccharides : Stachyose

Polysaccharides : Dextran, inulin, pectin

Susceptible

Polysaccharides : Glycogen, dextrin, soluble starch

* Later rabbits were hyperjinmunized by administ.
ration of the particle-, cell wall- and soluble cyto-
PIasmic fractions obtained from sonically disrupted
BCG cells with the Freund's incomplete adjuvant
(Difco). It was found that their antiserum speci.
mens sometimes gave a weak or faint precipitation
line or lines besides the line described in the text in

the jinmunodiffusion reaction with BCGPs, H37RVPs,
DPS and BCG arabinogalactan. However, they did
not give these weak lines with BCG arabinomannan.

KOTANi et al. Bitsy, ,Ie degrading antigenic flewt, a! polysaccharides



enzyme, liberating as much as 1,000 to 2,000
in, urnoles of reducing groups per ing. How-
ever, other polysaccharides and the o1igosac-
charides tested were not degraded by the M-2
enzyme.

5. Reinti'on ship between enzyme conce"nation
ttnd the awlo""t of I. edwc, '"g gi. oarps lzher, lied
front I'eprese"/finale polysacch"rzdes

A1iquots of test substrates (100 14g each of
BCGPS H37RVPs and DPS, and 10 14g of
dextrin) were incubated with various amounts
of the lv'I-2 enzyme in 50 111 of 0.02 M Tris-
maleate buffer, pH 5.9. After incubation for
15 min, the reaction mixtures were jinmedi-
ately heated at 70 C for 15 min to stop the
enzyme action, and assayed foi liberated
reducing groups. Fig. 5 shows that there was
a linear relationship between the concentra-
tion of enzyme and the extent of liberation of
reducing gi. oups, up to 70 inn. molesling of
BCGPs, H37RVPs or DPS, and up to 600
in/. linolesjmg of dextrin. From these find-

one unit of M-2 enzyme activity toIngs,

hydrolyze BCGPs, H37RVPs or DPS was
defined as the amount of enzyme required foi
liberation of 30 in/linoles of reducing groups
from one ing of the corresponding polysac-
charides under the standard conditions de-

scribed above. Similarly one unit for hy-
drolysis of dextriit was defined as the amount
of enzyme whiclT liberated 300 in/linoles of
reducing groups per ing dexti'in.

6. Attempt to inof"ce the M-2 err2yme alith
of extr, ,

Use of CDCL as an inducer is unsatisfactory,
since large amounts of CDCL are not available
so a large quantity of the M-2 enzyme cannot
be prepared. Therefore, the effect of dextrin
as an inducer of the M-2 enzyme was tested.

Washed cells of the AT-2 bacterium at the

stage of half maximum growth in nutrient broth
were divided into two portions. One portion

suspended in CA-solution containing
CDCL (4 ing I dl) and th* ,ther w"* put int.
CA-solution supplemented with dextrin (4
ing I dl). The suspensions were incubated

with shaking at 37 C for four hr, and then
centrifuged. Then the supernatant fluids
were fully saturated with ammonium sulfate
to precipitate the enzyme induced by CDCL
or dert"in Id. ^Ignat. d us th, A{-2(CDCL)
or M-2(dex) enzyme, respectivelyl.

The hydrolytic actions of the two enzyme
preparations against several test polysaccarides
were compared, as shown in Fig. 6. Both
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th, XI-2(der) conyme and th. A, I-2(CDCL)
enzyme hydrolyzed not only dextrin and glucan
from M. tubei. cii/o311 strain Aoyama B but also
BCGPs, DPS, Aoyama B arabinogalactan and
Aovama B arabinomannan. TmmunodifTusion

in agar gel showed that the serological reac-
tivities of the latter polysaccharides containing
arabinose residues to precipitate \\, Ith anti-
BCG serum were abolished by treatment
with tither th" A1-2(CDCL) or xi-2(der)
enzyme.

Howevei. , there seemed to be distinct dif-
ferences between the I\I-2(CDCL) and IV1-2
(dex) Gnuymes. Fig. 6 sh. ws that the M-2
(dex) enzyme was more active than the A, I-2
(CDCL) enzyme against dextrin and Aoyama
B glucan, but less active against BCGPs,
DPS, Aoyama B arabinogalactan and Aoyama
B arabinomannan, in terms of the rate andoi.
extent of liberation of reducing groups. A
similar conclusion can be drawn from Table 4.

The relative hydrolytic potencies against
BCGPs and dextrin of three sets of AT-2

(CDCL) and A, I-2(dex) enzymes \\, ere coin-
paled. It was found that the ratios of BCGPs
units to dextrii\ units ranged from 1.8 to 4.4
for prep^^ati, us of th" \I-2(CDCL) on"yin,
and front 0.06 to 0.24 for those of the A, I-2 (dex)
enzvmc.

7. ECide"ce 101' the piese, Ice of sepalrite errzy"Ie
errti'ti^$ I'esp0"$161e for dayi'nthti'on of DPS n"of
BCGPs a"d of deXII ?'"

Different pH optima: Specimens of DPS
(200 11g) or dextrin (20 ,!, g) \\, ere incubated
with th, A, I-2(CDCL) or A, I-2(der) an"yin. in
0.02 M Briton-Robinson's wide pH range buf-
fers, at pH values of 3 to 11 in a total volume
of 100 1.11. After appropriate periods of in-
CLIbation, liberation of reducing groups in the
mixtures of different pH values was determined.
Fig. 7 shows that the optimum pH for degrada-
ti, n of DP^ by th, A1-2(CDCL) un^ ,b. ut 5.9
(^., Fig. I), but th, .ptimum pH f. " hyd". Iy^i^
of dert"in by tither th, A1-2(CDCL) or A1-2
(dex) enzyme \\, as around 7. 1.10 definite pH
optimum was recognized for degradation of
DPS with the AT-2(dex) enzyme, tinder the
present conditions.

Separation of the enzyme activities against
BCGP^ and dert"iru Th. A, I-2(CDCL) and
A1-2(dex) enzyme preparations were fraction-
ated by acetone piecipitation at -5 C. The

TABI. E +. ,4ctzbi/lbs o1 e"$1, mes 2nduced bj^
CDCL and darti. lit nunz'nst BCGPs and dexti. !'n

I'TCP ara-
lion

\To
Inducer

680A CDCL 3.46

680B Dextrin 3.00

722A CDCL 3.20

722B Dextrin 3.62

725A CDC1, 3.71

725B Dextrin 3.90

Specific activ- Ratio of

Protein Ity (unitslq. g sppcifip
protein) against activities

ing/in I _ __ BCGP*I
BCGPS Dextrin dextrin
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TABLE 5. Degradation of DPS and dextr!'it 63, acetone 17actt'ons of the M-2 (CDCL) riftd M-2
(deco) e"23, mes

Fraction
No

,-\
.

,-.

Starting
material

2

+

S

Q
.
,

Final concenira-
lion of acetone

06. v/v)

^

ai

>;

Specific activity (unitsjntg
protein) against

,-\

>e
,

C

O-50

50-60

60-67

67-80

80-90

Starting
material

2

4

..-,

61

-
I

DPS

+S

activities against DPS and dextrin were not
clearly separated, but the results in Table 5
indicate that the ratio of DPS units to dex-

tnn units varied widely in different fractions
of th* M-2(CDCL) and M-2(dex) conym"^
separated by acetone precipitation.

These findings suggest that the hydrolytic
activities to BCGPs and DPS and to dextrin,
.f th. M-2(CDCL) and M-2(der) on"yin, pre
parations, are due to separate enzyme proteins.

8 Degradation of BCGPs by hydrobisi\ to ith
th, M-2(CDCL) and M-2(der) an*yin, ,

Chemical properties of the degradation pro-
ducts: A specimen (90 ing) of BCGPs was
subjected to gel filtration on a column (2 x
97 cm) of Sephadex G-50 (coarse, bead form,
Pharmacia, Uppsala, Sweden) connected in
series with another column (2.5 x 97 cm) of
Sephadex G-25 (coarse, bead form). Material
witlT an emuent volume of 200 to 380 inI (Fig.
8) was concentrated. The concentrated solu-
tion was incubated for 48 hr at 37 C with 164

BCGP^ units of th, A1-2(CDCL) conym. (1.8
unitslmg substrate). The enzyme was added

first 106 units and then 24 hrIn two portions ;

39

68

+2

96

2

Dextrin

O-50

50-60

60-67

67-80

Recovery of activity,
(%) against

13

6

DPS

22

I

20

36

7

30

23

o

+9

100

8

42

6

17

Dextrin

121

Ratio of speci-
fic act!vitics

DPSjdextrin

193

151

122

195

100

>

15

9

21
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100
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later 58 units. The total volume of the re-

action mixture was 5 inI initially and 5.5 inI
after 24 hr incubation. The digest, containing
550 innmoles of liberated reducing groups per
ing, was applied to a similar series of columns
to those described above. The gel filtration
patterns in Fig. 8 show that BCGPs which
gave essentially one peak, as Judged by Glution
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TABLE 6. Chemt'co/ und sei. o10gz'cal plopei. izes of BCGPs and lis degradatt'on products 63, the
M-2 (CDCL) and M-2 (dex) ansy"Ies

Test ntatcrial

M-2 (CDCL)
enzyme
digest

M-2 (dex)
enzyme
digest

Unhvdrol\ zed

F-I

F-2

tt Molar ratio of total sugar Iesidues to reducing groups
b Minimum concentration giving a positive precipitiii reaction \\. ith anti-BCG serum in the ring test

Yield

(96)

Unhvdrolvzed

F-I'

F- 2'

of pentose and ITexose, \\, as degraded by diges-
tion with the A, I-2(CDCL) enzyme to a high-
molecular-weight portion (F-I ; elution vol-
ume, 200 to 330 inI) rich lit hexose and a low-
molecular-weight portion (F-2 ; Glution vol-
ume, 340 to 490ml) rich in pentose. The
analytical data in Table 6 sho\\, that BCGPs
consisting of arabinose and galactose in a in o1ai.
ratio of 1.1 to 1.0 and having an average chain
length of approximately 31 sugar. ^esidues, was
cleaved at internal arabinosidic linkages. The
products \\, ere an F-I fraction, with an average
chain length of about 16 suga^ ^esidues, con-
taining 3.2 moles of galactose per mole of
at abinose, and an F-2 fraction, composed of
about 6 moles of arabinose and one mole of

galactose and containing an average of SIX
sugar residues. The sugar^. esidue at the re-
ducing end of both degradation products as
well as the original BCGPs was essentialI\, all
identified as arabinose. Treatment of the F-2

fraction \\, Ith or-D-galactosidase in 0067 M
NICllvaine's buffer, pH 2.2, for as long as five
days at 30 C resulted in no significant libera-
tion of reducing groups.

A similar, but small-scale experiment was
carried out on a separate preparation of BCGPs
in. ubat. d with th, M-2(der) conym. (1.9
BCGPs unitsjmg substrate). On incubation
for 44 hr at 37 C, 351 in/Jinoles of reducing
groups were liberated. Fig. 9 shows the gel

Sugar composition
(in. in, ,aji. )

100

39

41

Arabinose Galactose

100

61

10

1.1

1.0

5.8

12

1.0

2.6

Sugar residue
at reducing

CITd

1.0

3.2

1.0

Arabin DSC

Arabinose

Arabinose

1.0

I. +

1.0

.we rage Sei'o10gical
chain reactivit\.

length" (.,, g/in I)"

31

16

6

Bet ore treatment

1.6

> 200

> 200

4

25
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7

E3
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co
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32
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FIGt. RE 9. G, /jilti'nil'o11 pn!tellis o1 BCGPs beloi'"
till of 4/1ei' lient, ,1,111 2011/1 Ih, , M-2(d, \) e, icy, 11,

.^. P", 1103, Hexosr\^,

11\O "' "'
O 100 200 300 400 500

filtration patterns of BCGPs before and after
treatment \\, ith the A'I-2(dex) enzyme, indicat-
Ing that BCGPs \\, as degraded to ITigh-mole-
CUIar-weight and low-molecular-weight frag-
merits by enz}, matic hydrolysis. The cleavage
products (fractions F-I' and F-2') obtained by
digestion \\, ith the !\I-2(dex) enzyme showed
distinct differences from the corresponding
fractions (F-I and F-2) of the digest with the
xi-2(CDCL) on"yin. , b. th on gal nitroti. n and
on chemical analysis (Table 6). The molar
ratios of galactose to arabinose in F-I' and of

11
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arabinose to galactose in F-2' \\, ere inuclt lower
than those in F-I and F-2, respectively. Fur-
thermore, the recovery of the low-molecular-
weight F-2' fraction was much lower than that
of the F-2 fraction.

Tmmunological properties of degradation
products : All the products of digestion of
BCGP* by th, M-2(CDCL) and A1-2(der) co-
zymes gave negative reactions in the ring pre-
cipitin test with anti-BCG rabbit serum even
at concentrations as high as 200 14glml. This
was in sharp contrast to the original BCGPs
which gave a positive precipitin reaction at a
concentration of 1.6 to 3.2 14gjml (see Table 6).

However, the quantitative precipitin Inhibi-
tion test showed that the F-I and F-2 fractions,

and especially F-2, strongly inhibited the pre-
between BCGPs and anti-cipitin reaction

BCG serum (Fig. 100. Fire in, Its of th. F-I
and F-2 fractions per mole of BCGPs (tenta-
tively calculated on the basis of the average
chain lengths of the cleavage products and
BCGPs) cous, d ^pproximat, Iy 209', and 759'.
inhibition, respectively. Nearly 90q, Inhibi-
tion was observed with about 10 moles of the

F-2 fraction per mole of BCGPs.

DISCUSSION

Since the classical work of Dubos and Avery
(1931) on the decomposition of the capsular
polysaccharide of pneumococcus type 3 by an
enzyme from a soil bacterium, there have been
many, reports on depolymerizing enzymes act-
ing on bacterial polysaccharides. Enzymatic
hydrolysis of pneumococcal capsular polysac-
charides was studied extensively by Tornani
and Pappenheimer (1962). They used a strain
of Bnci//"s p, 11"styi's isolated by Sickles and
Shaw (1950) which was momhologically SImi-
Iar to the bacillus of Dubos and Avery. They
investigated the formation and properties of
inducible depolymerases produced by this or-
ganism and analyzed the hydrolysis products
of the capsular polysaccharides of types 3 and
8 with specifically induced enzymes. Baker
and \\, hitchd, (1965) ham*d ^ hadllus, Id. n-
tmed as Bacz'//Ms $phei, I'c"s, from soil. This
produced an inducible enzyme which depoly-
menzed the \Ii-antigen of Salmonella typhz^hat
was extremely resistant to acid hydrolysis, and
caused rapid loss of serological reactivity of the
antigen. The most recent study along these
lines appears to be that reported by Kuroda at
a1. (1971) on an enzyme degrading the K an-
tigen from Pairio palwhae"lob, ticus K-15 and
produced by a new species of the genus Baaih, s.

There have also been many reports on phage-
associated enzymes that are known to cause
hydrolysis of various structural components of
bacterial cells, such as the capsule and cell
wall. Among them, Sutherland and \\Inkinson
(Sutherland and Wilkinson, 1965 ; Sutherland,
1967; Sutherland and \\;11kinson, 1968) fol-
lowed the pioneering work of Adams and Park
(1956) on K/ebsz'add ?"earmo"Ine strain B and its
phage system, and extensively Investigated the
phage-induced depolymerases active against
expolysaccharides of ESCherz'chia coli K12,
kith, ,alto p","in, ", to A3(SI) (Typ, 54) and
other similar polysaccharides. On the other
hand, Eklund and \\'y^^ (1962) nest, med ,
phage-associated enzyme which hydrolyzed the
polysaccharide capsule of HgOtobactei. cine!and^^,
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and Bartell and others (Bartell, Orr and LanT,
1966; Bartell, Lain and Orr, 1968) reported on
a polysaccharide depolymerase associated with
phage~infected Psewdo, "0, ,as del'"ginom.

However, the present work seems to

be the first specifically designed to obtain an
enzyme depolymerizing antigenic neutral poly-
saccharides from mycabactei. Ial and coryne-
bacterial cells. The enzyme(s) produced by
the I\I-2 bacteriun\ isolated in this study ac-
tively hydrolyzed a variety of polysaccharides
in \\, hich the constituent sugars \\, ere arabinose,
galactose, mannose or glucose. Only a little
enzyme preparation could be obtained be-
cause shortage of inducer, so a concentrated
enzyme specimen was used without further
purification throughout the present study.
Consequently, it is uncertain \\, her her the ac-
tivities of the present crude enzyme prepara-
tions to liberate reducing groups from various
polysaccharides are due to a single enzyme
protein. The data available indicate that de-
gradatioil of BCGPs (arabinogalactan) by the
A{-2(CDCL) enzyme \\, as caused by 11ydro-
Iysis of arabinosidic linkages by an endo-attack
mechanism. Ho\\, ever, it is Linknowii I10\v

polysaccharides \\, hiclT did ITot contain at abinose
were hyd, .Iy", d by th. N1-2(CDCL) conym, ,
or how the A, I-2(dex) enzyme induced with dex-
trin degraded BCGPs which does not contain
a glucose residue. The reducing sugar residue
in the cleavage products obtained \\, ith the A, I-2
(dex) enzyme \\, as not identified but the signi-
ticant differences recognized between the gel
filtration patterns and chemical properties of
dig. ^ts of BCGP^ with th. M-2(CDCL) and
:\'I-2(dex) enzymes suggest that these enzymes
attack BCGPs differently.

An oligosaccharide fraction \\, as isolated from
the digestion products of BCGPs \\, ith the A, I-2
(CDCL) on"yin. . It w"* mat"Iy ., inpus, d of
arabinose residues, and almost completely in-
hibited the precipitin reaction between unde-
graded BCGPs and anti-BCG serum. No

definite conclusions can yet be drawiT on the
chemical nature of the antigenic detei. minants
of BCGPs, but the above findiilg suggest that
the AT-2 enzyme \\, 111 be extremely useful in
elucidation of the chemical entity of the anti-
genic determinants of polysaccharides \\, hich
are susceptible to it (see a separate paper,
Kotani at a1. , 1971).
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