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BIKEN's JouRNAi, 4,121-130 (1961)

Extracellular Proteins of Tubercle Bacilli

11 Some Serological Properties of Purified Extracellular Proteins

of a Virulent Strain (H37Rv) of Mycobacferium tuberculosis' ', '',

By using a <10ul, IC agai gc1 <111/11sioit Iechitiquc, some of 111c scrological plop, Incs or Inc purified
PIOiein 11'actions isolated from tinhcatccl culture hiltaies or a \, irulcnt snail\ (H37Rv) were sillclicd
The results were as follows

(1) Thc purinecl protein Iraciions (in ip-I, n. IP-3 aitcl in ip-4) itsICd against anti 0-80 PCI' cunt
IractiolI labhit scruiTT un OILchterloi, \,'s Diale form"d a single precipitatioil 11nc while no pi'ccipitation
occuri'cd with ITactioiT n. IP-2. These precipitatioil IiiTes were lost completel\, by heatin"' tlle pro1Cins
at 70'C for 10 mintites, snowing Ihc heal lability or these antigens

(2) Formation or a coalcsccncc or precipitation lines in dollhlc diffLisioit analysis indicated 11Lar
fractions inip-I antl nlip-3 \VCre or identical serological specificity, ancl timerccl grcatly from fraction
Inip-4 since it forms a CIOssing pi'ccipitation 11nc with 111e former antigens

(3) Analyses or Ihc antigeiTic relationship belwccn the purified - protCiit fractions and pro1Cins
A, B, C showed that the latter protCins contained a small amDunL or fraction n, tp-I (or-3) as a coin-
ITton aitiigcn while the antigcil in B was cross-reacting with rutp-I (o1' -3). No antigcil or identical
specificity with fraction rutp-4 was delcctable in proteins A, B anti C

(4) Addition of some tub, rculin p, o1ein p, eparations obtaincd Ironl Iteaictl CLIlitire Intraics anti
or a ciystalline tuberculin pepticlc prcparation to the anti 0-50 PCr cent traction ral, bit 5.1'uin Tall"d
to 111hibit Ihc precipitatioiT reactions netween Ihc an liserum and Tractions rutp-I, nTip-3 antl n, IP-4

it{ASAHIKO \'ONEDA AND YOSHIO FUKUI

Datar!"!e"! of T!!be, t!110Ji$, Refe"I'll In$!itu!elm
AJItrohia! Di$errJe, , OJaka Uni"elfi!y, Or"An

(RFtei, ed/0, Alibii', nilo, ,, ,Vqi, I, 1961)

SU\litlARY

Th. previous p^pm. (Y. ned^ and Fukui, 1961) of thi^ re"jus der. "Ib, d th.
isolation of four protein fractions (intp-I, rutp-2, intp-3 and rutp-4) from unheated
culture filtrates of an H37Rv strain of ,\{VCobac/erit!in I"bel'CUIOJiJ. The isolation
method employed a combination of 50 per cent ammonium sulfate fraction ation
and zone-electrophoresis. \;arious chcmical and physico-chemical analyses
indicated the cor sideTable apparent purity of three final fractions (intp- I, rutp-3

I) This was aided by a grant from the :\Jinisiry of Education, Japan
2) An outline of this work was reported at the 33th NICetin. ' or the Japaitese Bacteriological Associ-
ation (July 18,1960) an<1 also at the 6th meeting for the Chemical Study of TLibei'ctilosis (,\pii13,
1961)

INTRODUCTION

121



122

and rutp-4). A I>Tellininary study showed that these protein fTacticns \\eye an. ti-
, enic and, when tested in agar by the double diffusion method, t}_e^ \\. ere found
to give almost a single precipitation line against crude antisera such as the anti
0-80 per cent ammonium sulfate saturation fraction rabbit serum. The availability
of purified preparations of some extracellular proteins of this organism has permitted
us to carry out investigations on the role of these proteins in tuber CUIous infection
and acquired immunity. Before attempting these investigations, however, \\, e

thought it of significance to elucidate some of the setological properties of the
proteins

The present report conceTns agar. gel precipitation analyses cf these thr e
protein fractions with reference to their mutual identification, heat stability and
their relation to the fractions present in the proteins A, B and C prepared by Seibert s
method. In addition, the failure of the addition of some tuberculin proteins,
to inhibit precipitation reactions between our purified protein fractions and their
resnectivc antibodies is reported.

YO\EDA AND FUKUI

I. PIO!ei, ! jilt/, dial!o11J

The prepai'ajion and chemical, and physico-chemical PIopertics or the four pLirificd extracellulai
proteins (rutp-I, inIP-2, rutp-3 and inip-+) orJ\{. I"bemilo$if H37R\, SIIain were described in the pre-
ceding paper (Voneda and Fukui, 1961). Concentrated solutions or the protCins (I-2 per cent) in
boratc-PI, OSphate buffer (pH 8.3.14-0.1) were stored at -20 C Ltniil needed. and, unless otherwise
noted. clilutions in saline was made Just before use

2. Tite, till^h 1514mul!onJ

Se\, en kinds or so-called tubcrculin preparations were Lised in this study. Tlle proteins A, B aild
C prepared from urineated culture filtrates or a \, irulent strain (Aoyama B) of 111. 111bert"!ofi. , frominif
by Seibert's method (1949) were generously SLIPplied by Dr. ADki, the 5th Department or the Institute
for Infectious Diseases, University or Tokyo. PPDS and t (Toda and Takeya, 1955) were kindly
gi\, en by Dr. T. Toda, Departmcnt of Bacteriology, A{edical School. University or Kyushu and a
crystalline tuberculin peptide prepai'ajion prepaied by the method or Yamainura at a!. (1960) was
kindly providecl liont Dr. Yamainura's laborator\,. Old ittheTCUlin used was obtained From a stock
in this institute

MATERIALS AND METHODS

3. Plataialio, I of all!i$eru

The preparatioiT or anti 0-80 per cent. 0-30 per cent and 30-50 net cent ammonium sulfoLc
saturation Fractions rabbit sera are described in the preceding paper \Yoneda and Fukui, 1961).

4. Gel-din!$ion precjpi'!"lion Iech"iq!!e

The Petri dish method as describcd by Ouchterlony (1948) was used \\, ith the following slight
modifications. 0.7 per cent Ditto Bacto agar in physiological saline with added inerthiolaie (I :
10,000) was used. Antil, ionc testing metal cups were first placed in Petri dishes in the pattern shown
in Figure I and then the agar solution was poured into the dish. After. the agar had solidified, the
cups were Iemoved gently so that wells were formed and a drop of melted agar was added to seal the
bottom or the wei!s. Agar plugs aild small amounts of water remaining in the wells were removed

The wells \\ere then filled with liquid antigen or antiserum and thejust before sealiilg the dishes.
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plates incubated at 37 C in a small chamber in which other Petri dishes of water are placed to
prevent drying. Wells were never refilled.

A

2.0cm

2.0cmB

Petri dish

0.7 % agar gel in saline

A , Antiserum 03 in I

B, C, D, E, F and G , Various antigens

Form and arrangement of reservoirs in the modified Ouch, erlony's method

, a; "' E
B 2.0c. j6 O

C '2.0, ,^j^!^^'

Serologic@I JPecjjici4y of Ihe purried antigen$

Double-diffusion precipitatioiT reactions in tubes, using Oakle 's method
th a slight modification, showed that both inIP-I and intp-3 gave onI a sin it

A

C

G^ ^,

RESULTS

Fig. 2. Agor gel diffusion precipitation pattern demonstrating the inferrelo*ionshi
belween the four purified protein f roction,

As icenterl , Anti 0.50 % fraction rabbit serum.
The protein concentration of the antigens was 250 Ag in I

.
,



precipitation line and intp-4, two lines, one of which was very faint (1961). A
study was made of the serological interrelationship between these antigens using
Ouchterlony's double-diffusion precipitation technique (1948) in plates.

In an Ouchterlony plate, undiluted anti 0-50 per cent fraction rabbit serum
was added to the center well and antigen solutions containing 250 14gjml of rotp-I,
intp-2, intp-3 and intp-4 were added to six peripheral wells. The plates were
incubated at 37 C for 3 days and then photographed.

Figure 2 is an Ouchterlony plate showing the interrelationship of these antigens
in terms of their serological specificity. As is seen in the photograph, a coalescent
precipitation line is formed with rutp-I and intp-3 against the antiserum in the
plate, while this coalescent line crosses a precipitation line formed with intp-4.
The failure to show another precipitation line due to the minor antigen component
in intp-4 shown in Oakley's tube, may be partly due to a lower resolution power
in the plate than in the tube and partly to the lower concentration of antigen
001ution .inploy, d (250 14glml).

2. Heat labi/ity of the purified antigens

From the data of chemical and UV absorption analyses described in our
pre. .ding p^per (1961), in which th, perm. d frostion, ^inploy, d us antig^us in
this study were shown to be of protein nature, the heat lability of the precipitat'on
reactions of these antigens is to be expected.

YONEDA AND FUKUI

Fig. 3. Agar gel diffusion precipi, @lion pullerrig produced by heated and unheoied purified fractions

A : Between healed and unheated into-I
B : Between heated and unheated inip. 2
C : Between healed and uuheated inip-3
D : Between heated and unheated inip-4

As , Anti 0-50 % fraction rabbit serum
H , Purified fraction heated o1 70' C for 10 minutes.

The protein concentration of the antigens was 250 "g in I

A

Figure 3 illustrates the change in the precipitation lines formed with these
antigens against antiserum before and after heating the antigens at 70' C for 10

B C D



minutes. In each plate, the top well was filled with 0.3 in I of undiluted anti 0-50
per cent fraction serum and the lower wells were filled with 0.3 inI of corresponding
heated and unheated ailtigen solutions (250 14gjml). The plates were incubated at
37 C for 3 days and then photographed.

As is seen in these photographs, \vheieas unheated intp-I , intp-3 and intp-4
antigens tested against the antiserum develop a single precipitation line in the
plates, no precipitation line was formed with the corresponding heated antigens.
A detailed study of the effect of temperature on the precipitation reaction between
the antigens and antiserum in Ouchterlony plates showed that the precipitation
lines all disappeared after heating the antigens at 60 C for 10 minutes. No pre.
cipitation was seen with intp-2 whether or not it was heated.

3. Styologjc@/ relationJhjb between Ihe fujijied protein$ (in!*-I, in!?-3 and in!p-4) and the
plot, in$ A, B and C

As described in the preceding section, the three purified fractions rutp-I,
intp-3 and intp-4 appear to be heat labile antigens which form single precipitation
lines against a crude antiserum when tested in Ouchterlony plates. Moreover
intp-I (or rutp-3) was distinguishable from intp-+ in serological specificity. Since
the proteins A, B and C obtained from unheated culture filtrates of human tubercle
hachiiby Salbert'^ math, d (1949), which ar* coneider, d to b, th, must walld. fined
tuberCUIo-proteins, still contained a variety of precipitating antigens (Seibert at a/.,
1957), studies were made to see if there was any antigen in protein A, B and C
corresponding to intp-I (or rutp-3) or intp-4.

EXTRACELLUl, AR PROTEINS OF TUBERCLE BACILLI

Fig. 4. Agar gel diffusion precipitation pattern demonsfrofing the relofionship bdween
Ihe 0-80 per cent frodion and proteins A, B, C.

As icenierl , Anti 0.80 % fraction rabbit serum:

A, B, C , The Proteins A, B and C 13 ing in 11

.

.

R . 0-80 % fraction 11 ing in11



Figure 4 shows the serological relation between a concentrated unheated culture
filtrate of H37Rv strain obtained by 80 per ceilt ammonium sulfate saturation
and the proteins A, B and C in an Ouchterlony plate, The center well was filled
with 0.3 inI of undiluted anti 0-80 per cent fraction rabbit serum and the peripheral
wells, with 0.3 inI of I ingjml of the concentrated crude culture filtrate and of
3 ingjml of the proteins A, B and C respectively. The plate was incubated at
37 C for 3 days and then photographed.

The photograph shows three precipitation lines between the crude antigen
and the antiserum, one of which coalesces with a slightly diffuse line formed with
the proteins A, B and C while the other two sharp lines do ITot.

YONEDA AND FUKUI

Fig. 5. Agar gel diffusion precipitation puffern demosfro, ing the inferrelationship
between proteins A, B und C

As icenterl : Anti 0.80 % fraction rabbit serum
, Proteins A, B and C 13 ing in11

Figure 5 illustrates the pattern of precipitatioil reactions of the proteins A,
B, C and the anti 0-80 per cent fraction rabbit serum in an Ouchterlony plate and
shows the serological interrelation between these antigens. T'he concentrations of
the proteins A, B and C solutions were the same as in the previous experiment.
From the PIiotograph at least two precipitation lines are seen to be formed with
all of the antigens tested and these lines coalesce with each other, but the o11ter
coalescent line forms a spur between A and B. This coalescent line was not formed
when the antigens were heated at 70' C for 10 minutes, while the other diffusive
line near the antiserum well still appeared.



Tlle results indicate that there are at least two precipitating antigens in coin-
mon in the proteins A, B and C. F1'esumably the heat labile antigen was the one
which coalesced with one of the precipitation lines of our crude concentrated antigen
in the plate as shown in Figure 4. Moreover, the heat labile antigen of B was
found to be partially identical with that of A in terms of its specificity. Experiments
were therefore made to see which of our purified antigens corresponded to this
conlmon antigen.

In Ouchterlony plates, the top well was filled with 0.3 in I of undiluted anti
O-50 per cent fraction rabbit serum and the lower wells with 0.3 inI of 3 rug inI
of the proteins A, B or C and 0.3 in I of 250 11gjml of intp-3 or intp-4 respectively.
Plates were incubated at 37 C for 3 days and then photographed. Figure 6

EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI

into, 4
.^

Fig. 6. Agar gel diffusion precipitation patterns demonsfrafing the relation between proteins
A, B, C and two purified protein fractions

111,121.131 , Between inip-3 and proteins A, B, C

141, 151, 161 , Between in ip-4 and proteins A, B, C
As ^ AUIi 0-50 % fraction rabbit serum
Protein concentration . inip-3 and inip-4250 149 in I. proteins A, B and C 3 ing in I

.

.

illustrates these photographs. As can be seen, the precipitation line developed
between the rotp-3 well and the antiserum well fused completely with one of the
lines formed with the proteins A and C, but fused with a spun. in the case of B.
The single precipitation line formed with intp-4, on the other hand, crossed the
line in both cases and no line was seen coalescing with the former line. When
the protein A, B and C solutions were diluted to 250 14gjml for use as antigens in
similar experiments, no precipitation line was formed with the A, B and C antigens

.

.



and the line formed with intp-3 showed no bending even in the parts closest to
these antigen wells.

4. Reaction belleieen a@radars tube, Tuftn 1741@ration$ and the anti 0-80 pel cent faction
rabbit ref"in

Us intr old tuberculin, PPDS, it, and Yamainura's crystalline tuberculin prepa-
ration, experiments were made to see if these tuberculins combined with the specific
precipitating antibody for rutp-I (or -3) or for intp-4.

Ring tests showed that, with the exception of crystalline peptides, all the
tuberculin preparations contained a small amount of heat stable antigen which
was thought to be due to contaminating tuber CUIous polysaccharides. However,
when tested in Ouchterlony plates at a concentration of 3 inglml of antigen, no
visible precipitation line were formed against anti 0-80 per cent fraction rabbit

It was thought that some of the tuberculins or their derivatives might coin-
bine with the precipitating antibody in the antiserum resulting in a block of the
precipitation reaction between intp-I (or -3) or intp-4 and the antibody. To test
this possibility 5 ing of PPDS, it, and of a crystalline peptide preparation provided
by Dr. Yamainura were each dissolved in I in I of the antiserum and incubated at
37 C for 60 minutes. The precipitating activity of these sera were compared with
that of untreated antiserum by the ring test and Ouchterlony's double diffusion pre-
cipitation technique in agar. In the Ouchterlony plates, the central well was filled
with 03 inI of untreated or of tuberculin-treated antiserum and peripheral wells,
with 0.3 inI of 250 14gjml concentration of the purified antigens intp-3 and intp-4,

No change was seen of the precipitating capability of treated antisera in terms
of antiserum dilution by the ring test. Figure 7 illustrates the pattern of the pre-

YONEDA AND FUKUI

serum.

Fig. 7. Agor gel diffusion precipitation puffern produced by inip. I, inip-3 ond
infp-4 against onIi 080 per CGnl fraction rabbit serum mixed with 5
ing/in I of crys, o11ine peptides

As+CF , Anti 0.80 % fraction rabbit serum mixed with 5 ing inI of or -
stalline peptides

The protein concentrations of mrp-I, inip-3 and inip-4 were 250 491ml



cipitation reaction in an Oucllletlony plate willI littp-4 against the anti 0-80 per
cent fraction rabbit semilT treated \\'ith 5 Ing of crystalline peptide I, reparation.
As can lie seen from the photographs, notll nttp-3 and itTtp-+ react resulting in
the formation of sharp precipitation lines IJet\\'eell the antigen and antiseruiTl wells

EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI

As discussed in the I)receding I, apei' (1961), InIP-I and ITTtp-3 are very, similar
in terms of their chemical composition, particularly in their sedimentation constants
and electrophoretic mobilities. This lead us to suspect that the two protein fractions
in10ht also ITave similar serological specificity. TITe data I)resented ITere clearly show
that this is the case. In an Ouchterlony plate, noth Intp-I and nTtp-3 ga\, e a single
precipitation line against crude antisera and the line coalesced \\, ithout any sptit
formation. These results SIIggest that the determinant groups of these proteins res-
ponsilile for combining precipitating antil)ody are essentially the same. A, Itp-4-, on
the othei' hand, is definitely dintrent from I'Dth n}tp-I and Inn)-3ITot only in its
serological specificit\, but also in its physico-chemical I>roperties. Therefore, from
a setological point of \, Ie\v, one Ina}, consider that the solul)Ie traction I)recipital)IC
by 50 per cent ammonium sulfate is comprised of t\\, o Inajor serologically act. VC
protein antigens. Preliminary coluinn-chromatographical analyses using DEAE-
cellulose have also su, ,estcd that this is the case (unpublishecl data).

Seinert of n1. (1957) stated that in a serological study of ITer highly purified
proteins A, B and C Iiy the agar. gel difftision technique in tubes, therc were a
variety of precipitating antigcns. In this study, it \\, as further shown that there
was at least one Iteat labile antigeit in common netween the proteins A, B and C
:\{oreover, it is of particular. interest, that \\, e found that the antigeils in A and C
were identical \\, illt intp-I (or -3) but the antigen in B, cross reacted \\, Ith rutp-I
(or -3) in the agar gel dintision precipitation in plates. Although exact values are not
yet available, we found that about ten times Inore of proteins A, B and C than of intp-
3 (or -I ) was needed to form I, recipitatioiT lines in the same position. This could lie
accounted for' Iiy assuming that there is not more than 10 per cent of littp-3 (or -I)
or. c. r. in. in proteins A, B and C. If this is generally the case with proteins prepared
I>y precipitation at their ISOelectric point and with alcohol, it in^, be very, di-
incult to use them for. serological Investigations on tubercle bacilli. No detectable
antigen forming a coalescent precipitation line \\, ith that of intp-+ was found in
the proteins A, B and C. However, since the proteins A, B and C used in this
study were prepared not from the unheated culture filtrate of H37Rv but from that
of a different strain (Aoyama B) of ,\/. Iubei'cii!o313 hoin!ms. the results may nTerely
be due to an absence of intp-4 from the latter culture filtrate. To test this, the
O-80 per cent ammonium sulfate saturation fraction of unheated culture filtrates
of Aoyama B strain were tested in Ouchterlony IJlates against the anti H37Rv

DISCUSSION
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O-80 per cent fraction Tabiiit serum LISing intp-I, intp-3 and rotp-4 as indicators,
the filtrate \-vas found to contain both intp-I (or -3) and intp-4. However, differ-
ences in the conditions used both for obtainino the culture filtrate and for. preparino
the proteins A, B and C infoht well cause the elimination or denaturation of their
intp-4.

Preliminary, skin reaction experiments in H37Rv bacilli sensitized guinea
pigs showed that the purified proteins intp-I, intp-2, intp-3 and intp-4 possesed
a considerable tuberculin activity. \/ery, recently Yamainura at d/. (1961) suc-
CGeded in obtaining CT\, stalline tuner culln peptides from the cell bodies of various
human type tubercle I)acilli. Therefore we tested whether these activc PCptides
could inhilJit the precipitation reactions between one of the purified I)rotein antiuens
and the antiserum IJy specifically combining precipitating antil>odies. However,

NIOreover, ITo other tuberculin derivatives tested inhibited thethey. did not
Since these tuberculin preparations \\, ere prepared either fi. om heated

culture filtrates or heat killed cells of tubercle bacilli, it may, be that the specific
coinl, In ing group, it any, \\, as destroycd by heating.

AlthouglT the ring test showed that purified proteins intp-I, inIP-3 and inn, -4
still contained appredal>Ie amounts of some ITeat resistant antigen \\, hich may presum-
ably represent polysaccharides, available data suggest that these three fractions
are valualile reagents for. serological investigations. Thus attempts are now being
made to purify these proteins further Iiy column-chromatography in DEAE cellulose
and to apply the purified antigens to a taxonomic stud\, of ,\{ycobdc/, Iru.

YO\EDA .\Nn FUKUI

reaction.
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