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BIKEN'S JOURNAL 4.25.40 (1961)

Extracellular Proteins of Tubercle Bacilli

I Zone. electrophoretic Purification of the Proteins of a Virulent
Strain (H37Rv) of Mycobacterium tuberculosis*

SUN{MARY

Unheated CLIlturc fillratcs or a virulent strain (H37Rv) or human tubercle bacilli \VCIc fraction-
atccl willl aminonitinT sulfatc and the protCin constituents in some or Ihc Tractions were further purl-
fled by zone-clccirophorcsis using starch as the supporting mediiim. TITc degree or putiiy achie\, CLI
by these proCCdurcs wcrc incasurcd in tel ms o1'1he chemical, physical and jinmunocliemicalpropcrtics.

INTRODUCTION

Filtrates of unhcatccl cultures or IV. rubeirt!10nJ aie known to contain a series

o1' different protein antigens (Boyden and Sorkin, 1956). However, the true role
of the extracellular plotein antigens in tuberCUIous infection and ticquircd immunity
is still o1Jscure (weiss, 1960). In the study of this problem, it secms impol'tant to
isolate ancl purify Ihc plotciil components b\, methods involvin. ' the least possil)Ie
chemical alter alloil or Ihc naniral antigens, so that their true irumunolo"'ICal and
1,1010gical activiiics calt I)e studied. Few investigators, including Scibert (1949),
have attemptecl to fractionale the plotein constituents of unheated culture filtrates
of tubercle I)aci111. Seihcrt succeeded in ISOlatiiT^ several proteins IJy a combination
or acid- and alcohol precipitation at low temperatui. e. Howcver, in view o1 the
recent advances in pi. otein chemistry, 111eir methocl does not scem to lie the Iicst
alld Indeed ITei' IJroducts sucl} as the A, B ancl C proteins, which were supposed
to Iic the most pullficd protein preparations lit terms or thc physicochemical PIO-
perties, were showiT I^, 11Tc agar-gel diffitsion technique to contain a varietv of anti-
gcns (Seinert 81 (11. , 1957). Since aminoniun, sulfate fractionalion and electrophoretic
separation are considerecl to be among the mildest methods for separatinu natural
proteins, one may approach the problem of isolation and purification of the extra-
cellular proteins or tubercle bacilli I)y using a combination of these methods.
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The studies reported here are concerned, in part, \\, ith a procedure which
leads to products of considerable apparent purity. InIbrmation is also given or some
of their I>iochemical properties.

I . Orea"I'Mi and '11/1", e medii!in

Ab^cobac!eri""! I"bert"!OSI'$ strain H37R\, was front the stock collection or tlic Department or
TuberCUIous Research or this Institute

The organism was cultivated o1T a modified SDUton's synthetic medium or the following coinposi-
lion perliter or solution: K2HP0+, 0.5 g, MgSO4,0.5 g, sodium citrate, 2.5 g, asparaginc, 4.0 g, gly-
ccr01,60 inI, KH2P0+, 2.5 g and 2.5 In I or 50 per cent CaC12.2H20 solution. The asparagine, glycerol,
sodium citrate, K2HPO+, A'IgS04 and KH2P04 were dissolved in distilled \\. ater and made Lip to I
liter. To remove the iron, 2.5 inI of CaC12 solution was added and the pH was adjusted to 7.3 with 5
N NaOH solution. The medium was theit boiled for. two or three minutes and filtered while hot

The filteratc was cooled and tested for iron with o-phenanthrolene. It should give no cleteciable coloul
with this reagent and the final pH, if necessary, should be readjusted to 7.3. 1.5 inI or O. I per cent letric
ammonium citrate solutioiT \\, as theIT addcd and the n. editim dispensed in flasks and autodavcd at
120'0 for. 20 minutes

2. Prqbarn!ion of 11nhea!ed '11/1"yell!rarer

The stock culture of the organism on a glycerol-potato medium was usually transferret1 10 a
small flask or the above meditim and incubated for two weeks at 37'C. This culture was used as a

source of the inoculum. One loopful pencle was in DCulated onto 80 in I an quots or medium in 300 nTl
Erlenmeyer flasks and incubated at 37'C for' three weeks. After incubation, the bacilli were filtered
off aseptically through T6y6 \, 0.50 filter paper and then a Seitz filter in the cold without I, re\, jous
hcating or the culture. The yield or the aseptic culture filterate at this stage was LISually about 67 per
cent of the original culture medium employed. Loss was mainly due to e\, aporaiion during incubation
The final nitrates were mixed with appropriate amounts or solid ammonium sulfate to give 80 per cent
saturations or the salt, and kept in the cold before centrifugation.

3. Zone-e!enrolho)esi$

Zone-electrophoresis using starch as the supporting mediunt as described by Kunkel anti SlateI
(1952) was employed for' separation and purification of the fractions prepared with ammonium
sulfate. The potato starch used for the experiments was thoroughly washed at least three times with
cold \\, ater, three times with \\, arm water (56'C) and twice with botate phosphate buffer at pH 8.3,
ionic strength O. I. Zone-elecirophoretic separation was carried out at 2-5' C in borate phosphate I)uff'er
at pH 8.3 ionic strength 0.1 tinder constant conditions with a potential gradient of 2 inA1cm2. Lisually
for 16 hours

After the electrophoresis, the starch blocl< was cut into I centimeter sections and eaclt section
was elutcd \\'ith two 10 inI ajiquois of saline. Tlle eluates wete then eacll filtered through ordinary
filter paper preparatory to chemical assay

4. asJay

I. The 11'01ei, icon!"!! \\. as determined by Lowry's method (1953) usiiTg crystalline bovinc scrum
albumin as standard. The nitrogen content was determined by a modified micro-Kjeldahl-Nessler
method (Yokoiand :\kashi, 1955) on specimens dried at 120'C. The dry weigllI or the specimens were
estimated by drying measured \'o1umes to constant weight at 120'C.

2. The nitc/eic acid con!e"! was calculated front the 2801260 ratio (\Varburg antl Christian, 1941)
measurecl in a Hitachi Beckmanii tvpe spectrophotomcier

YOKEDA AND FUKUI
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3.7/1, rn!'bornd, "!e collie"! was Incusurecl by' the Arithrone method (Scott at a!., 1953) Lising glLicosc
as a standard. A101ish's methocl was sometimes cmployccl For' qualitative determination

4. PIioy, /!o1'11J was determined in dried specimens by the F1ske-SIIbbaro\^'s ritethod (1925)
5. Tile rain!a$e anjuju of the crude extract and fractions was nieasurcd bv EUleiJosephsoiT's method

(1923) aitd expressed as lite KatalaseI value (Kai-I)
G. 7/1e rib $011,110, I Vet!ra or purified fractions were determined 111 a Hitachi Beckn, ailI, type SPCciio-

pitoioineter in the U\' regioiT LISing approximate I\. 0.02 per ccilI solutions or the protein prcparatioits.

5. .. Ina!Ifi" of Ih, Iee '01/11/01i bi. e!, ct, up ADJe$1,

Free elcctrophoicsis was conductccl in a Spinc0. \10del H at +'C witll purified proteii\ fractions
in \. cronal buff"'. pH 8.6, ionic sirengtlT 0.1. The potcntial, ,radiciii\\, as 3 ntAjcm2

6. .-Ina!I. ,IJ by 1111, "c, "!Jini"alla, I

Tl, is was carriccl out in a Spinco anal\'Iical centrirLigc \. 10dcl E, at 20'C willt purified IJrotcin
hactions in Nil20 phosphate buffer, pH 7.2. Samples \\'crc analysccl with an analytical A rotor at a
centrifugal force or 59,750 rpm. Thcy were obscrvcd at in jut\ als or 240 secontls

7. Prepm"lion of n"lifera

Tl, e Fractions obtainccl from unhcaiecl cullurc filtrate* by precipitatioiT with amiTtoniLin, sulfatc at
finalsaturations or0-80 PCI cent, 0-30 per celli, 30-50 pel ccniand 50-80 per cent were used as sources
or antigen. For preparing antigcn specimens For jinmui11/1ng rabbits, FTCund s incomplete adjti\'ant
was used. 'rhus, an appropriate mixture or Bayol F ailcl ,\rlaccl A \\, as emulsificcl by adding ai\ equal
\o1untc or antigci, solution (Cohn, 1952). The cullrc schedule or jininunization was as follows
Eacll rabbit was gi\. cn by a singlc intramu>CUIar injectioil or Ihc aittigcn emulsioil containiiTg 30 Ing
PI'o1ciii before the test blcccling. Four wecks artcr the bcgiitning orimmunizaiion, a test bleeding was
madc orcaclt rabbit and then, a weeklatcr. 111c rabbits \VCrc boostercclby gi\, ing ano1hcriniramtiscular
INCction or the same antigen cmulsion coillaining 5 ing or protein. Onc \VCck after the booster INCc-
lion. the taiihits \\ CTC sacrificed for total bleeding. The sera 11Ttis obtaiitccl were Inactivatcrl at 56'C rot 30
Ininutes. mixcd will, inerthiolatc at a final conccntratioit 0.01 per ccnt aitcl Ihci, kept in the deci, FTCczc
BCCaLisc o1' inc 1111expcctctl juthal action or Ihc 50-80 put ccitt fraction, this antiserum was obiaiiicd
by gi\, ing I'abbiis all intracuLaitcous injection or 100 11g of antigen soluiion, Tallowccl by Intravenous
injcciions or Ihc samc dose three times a week 1614 weeks, anti 11, en finally I, y a booster injcciion or
Ihc antigcit cmulsioil containing 5 n, g pro1Ciii as clesciibccl abo\ e

8. Dollb!, ,/\!,$1'01i/,!eci/, null'o11 ill agar gel

T'hc CIOublc dinusion prccipitation techniqtic or Oaklcy (1953) \\, as employcLl with a slight ntodi-
11cation. Tllc ICchiiiquc was run in a specially litade small plastic container (3.0 x 0.5 x 0.5 cm),
co\'crecl with a 11, ill plastic plate as 111usti'alecl ill Figure I
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PIOcedm',

100 liters of' chilled unheated culture filtrate containing 160 micrograms of

protein per inI were added by 56.1 1<g of solid ammonium sulfate to give a 80 per
cent saturation of the salt. While dissolving the salt, ammonia was added periodi-
cally to maintain the pH at 6.8 - 7.2. The filtrate was then stored at 5' C in a cold
room overnioht. The super natant was discarded in the following nlorning and the
precipitate which had formed was collected by centrifugation, suspended in a
small volume of I'Drate-phosphate buffer (pH 8.3, ionic strength 0.1) and then
dialyzed overnight aaainst 40 liters of the same buffer. The dialyzed material
was turnid and dark brown in color. This material was mixed \\, Ith IJorate-phosphate
buffer and made Lip to a final volume to one liter. The protein content o1' the super-
natant was approximately 13.26 ing per inI and the yield was 83 per cent. A 100
inI allquoL was taken from this for Ihe 0-80 pel' cen/I'd61i0!I. 900 inI or thc material
was mixed with 385 inI of saturated ammonium sulfate solution to give 30 per

cent saturation. The resulting precipitate \\, as Ihe 0-30 pal' ceil//I'dc/ion. The super-
natant was then mixed \\, ith 515 inI of saturated aminonium sulfate solution to

give 50 per cent saturation. The precipitate formed was Ihe 30-50 pel' 6,111. /inclio".
The supernatant \\, as further mixed with 3,611ters OF saturated ammonium sulfate
solution to give a final saturation of 80 per. cent. The precipitate IbrnTed was Ihe

YONEDA AND FUKUI

21 day culture

Filtration through Seiiz's filter

Fillroie

Precipitation by 80 % INH4!2504

0-80 % Fraction

Further fractional ion with INH41gS04

0-30 %
Froclion

inip-I, inip-2, inip-3, inip-4.

Fig. 2. Flow chart for preparation of protein frodions
Iunheated culture filtrate of M. to berculosis)

Fractional ion was carried out in the cold

All soluble protein fractions were stored in a deep freezed siCie I-20'1

30-50 %
Froclion

Fractional ion by zone-eleclrophoresis in
a starch supporting medium

50-80 pel cent finc/toll. These three prccipitates were eacll dissolvecl in minimal
amounts of borate phosphate buffer and then dialyzed in cellulose ttilJing against

50-80 %
Fraction
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IiufTe^ until free from ammonium sulfate. The dialyzed 0-30 pel' ccnt lidc/10n \\, as
turbid and dark I)Town colored while the other' 11actions \\, ere transparent. Estima-
tion of the protein contents of the clear super natants obtained by centrifugation at
12,000 rpm for 30 minutes showed that the yields \\, ere 377,292 and 9.6 per cent
respectively. The 0-80 per cen/faction \\as dialyzed in a similar way IJefore experi-
merits. The 11actionation scheme is given in Figurc 2.

Some chemic0! 11'01ei/18J offI'dc/!'oil$ 0-80, 0-30,30-50 a"d 50-80 pel' '21/1

Nitrogen, phosphorus, nucleic adds and sugar contents \\, ere measured in the
four fractions on tamed by ammonium sulfate precipitation IJy the methods descrilied
in a preceding section. The results are showil in Tai)Ie I .

Table I

Froclion

Chemical characterization of the four fractions obtained by INH412S04
fractionalion

O-80 %

0-30 %

30-50 %

50-80 %

Nilrogen*

content I%I

The weight of samples was esiimoied by dring measured volumes 10 consioni weight at 120' C
The nitrogen, phosphorus, nucleic acid and sugar conieni of samples were measured by the

modified Nessler's, Fiske- Subba row's, Warburg -Chrisiian's and Scott 's methods, respeciively

*

9.35

12.12

12.70

7.10

From the data or yields, one may conclude that proteins in unheated Iul)er-
CUIous culture nitrates are mostly (87.3 per cent) lirecipital)IC IJy 50 per cent
ammonium sulfate, and, from the ITitrogei} contents shown in Table I, fraction I)y
half saturation of ammonium sulfate resulted in some clcgice or purification. Thus,
consider al, Ie amounts o1' sugars most of which in av lie IronT polysaccharides appear to
IJe rcmoved from the product by half saturation witlT amiitonitnn sulfate. Comparison
of thc two fractions, 0-30 and 30-50 per cent, \\. hiclT contain an out the samc amount
of nitrogen, phosphorus and sugar, shows that the ITUclcic adds content of the 30-50
per cent 11action is much smaller than that of the 0-30 per cent fraction. 11 is or con-
sideral)IC interest that catalase activity \\, as present exclusively ill this 30-50 I)er cent
fraction. This will be described in the following' section

2. Sendia/1011 in!d Ironicaljolt of 11/01, I!if fom Ih, pinch!c/J o61di!!, d by runmoi!inn! film!,
InclioNrr/1011 by <011e-818,110phoitfir

Thc data in Table I sho\\, that fraction at 101T Ii\, Elmmonium sulfate resulted

in partial purification or extracellular tuner CUIous proteins. However, the grade
or purity of the products appeared to lie \, ery low in terms or their nitiogciT content

Phosphorus*

contenlj?, I

0.60

O . 41

0.40

O . 73

PIN

ratio

O 064

0034

0031

0103

Nucleic* Sugar*
conteni 1961acids

conteni1%I I 10s glucosej
3.5 13.3

3.1 7.3

08 8.4

35.22.9

L,

,
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even in fractions 0-30 and 30-50 per cent. Therefore, these three fractions were
further fraction ated IJ\, zone-electrophoresis.

Zone-electrophoresis using starch as a supporting medium was carried out in
a horizontal-type apparatus as described in the section on Mrl TER/ALS AAfD
A1ETHODS. A1>out 7.5 inI of I-2 per cent protein solution after dialysis aoainst
IJoratc-phosphate biifTer, was used for each experiment. There was no appreciable
loss of protein after zone-electrophoresis, and more than 90 per cent recovery of the
separated material indicating that no singificant adsorption of the proteins on
starch took place. The electrophoretic patterns or the fractions (0-30, 30-50 and
50-80 per cent) in I)acked starch plates are presented in Figures 3,4 and 5. Because
of the rather Iargc quantity of material to lie fraction ated, this procedure were
repeated many times and always gave similar patterns. It is evident from Figures
3 and 4 that thc two fractions (0-30 and 30-50 per cent) contain at least two major
protein fractions respectively, \\, hile the patterIT of the 50-80 per cent fraction appears
to lie rather complicated. It should IJe noted here that there was always a fraction
at the side of cathode near the origin which was detectal, Ie IJy its absorption at 260
In/I. The eluate from this fraction was opalescent and sti. origly fluorescent. The
chenTical naturc of this fraction is no\\, IJeing studied.

YONEDA AND FUKUI
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Since the two fractions (0-30 and 30-50 per cent) each appeared to consist
of two major protein fractions, these latter are tentatively named as follows; intp-I,
intp-2, intp-3 and intp-4 as shown in Figures 3 and 4.

These four protein fractions \\. ere purified by repeated zone-electrophoresis
in the following way : According to the diagrams obtained, the eluates of high
protein content from three segments of one fraction \\, ere combined, precipitated
with ammonium sulfate of the same saturation as that at which the original fraction
was precipLtated and the precipitates were dissolved in borate-phosphate buffer.
The dialyzed material was then subjected to zone-electrophoresis as described
above. This procedure \\, as repeated tw, CG on each protein fraction.

The yield of prote!n at each step during the procedure is shown in Table 2

32

Culture filtrate 11 00 I I

0-80 % Fraction

0-30 % Fraction

30-50 % Fraction

50-80 % Fraction

min - I

in ip - 2

in ip-3

inIP-4

in ip-I

in ip-2

in ip-3

in ip-4

in ip-I

in ip-2

in ip-3

in ip- 4

Fraction

Table 2 Yield of protein of each fractionalion step

IZone -11

Total prolein
ing

16000

13260

5431 .5

4207 .5

1375.2

1368 .O

1521 .O

1107 .O

1161.0

587.7

613.8

484.2

475.2

382.5

3078

306.0

291.6

IZone .21

and the electrophoretic pattcrns of the final fractions on the strach supporting
medium are shown in Figures 6-a, -b, -c and -d. It in^, I}e seen from the diagrams
that they eacll show a single IJcak in their electrophoretic patterns and that all the
patterns appear to be fail. Iy symmetrical. Caretul inspection, however, shows that
there is some ske\\ ness in all the patieriis, particularly in those or inIP-2 and rutp-4.
These final purified proteiiT preparations are dissolved very eas, Iy in water or neutral
buffer solutions, and I-2 per cent SOILitions of intp-I and intp-3 are almost colorless,

IZone -31

Yield

96

100

83

377

29.2

9.55

9.5

10.6

7.7

8.1

4.1

4.3

3.4

3.3

2.7

2.1

2.1

20
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while solutions of rutp-4 and particularly or int -2 ai. e browi . I d.
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on starch supporting medium
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Ultracentrifugal examination of the purified fractions showed that IJotli intp- I
and intp-3 consisted of a single, homogeneous component respectively, while nTtp-4
still contained a slower moving millor coinponerit as all impurity. Figure 8 illiistrates

W. ,. length

Fig. 7. Uliroviolel light obsorpfion spectrum of the four protein
fractions separoted by Zone-electrophore, i,
Protein concenlrolion in M 20 phosphate buffer pH 7.2

inip-I, 2001, g inI, inip-2,210 149 inI

in ip-3,200/, g in I, in ip-4,230 Ag in I

..

I. _._., . .
240 260 280 300 320 340 360 rip

inIP'I in ip-2
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the pattcrns of these fractions in the ultracentrifuqe allcr a 75 minutcs run at 59,780
rpm at 20 C. Of particular interest is the ultracentriluoal bchavior of mrp-2. Thus,
a typical polydispersed pattern \-\, as observed during centrifugation. Sedimentation
constants calculated FronT serial photooraphs are diveil in TalJle 3. The free. electro-
phoretic analyses of the four fractions showed that eaclT of the protein preparations
was a single, slightly as\'minetrical clectrophoretic coinporcnt. Thc clcctrophoretic
ino1,111tics of thcsc fractions arc also given in Table 3.

Fig. 8. Sedimentation patterns of the four purified prolein froclions

The solulions contain of fractions inip. I, inip-2, inip-3. inip-4, contained
9.12,10 and 8ing hiproteinin 0.05M phosphoie buffer respective. Iy
Rotor speed^ 59,780 1250,000 91 Temperature : 20 c

inIP-3

Table 3. Sedimentation constonfs and electrophorefic mobilifies of fractions
inip. I, inip. 2, inip. 3 Grid inIP-4

Fraction

in ip-4

inip-I

inip- 2

in ip-3

in ip-4

Chemical anal?$, s

A summary of certain chemical analyses of thusc fractions is presented in
Table 4. it is evident from this data that separation and purification I>y zone-
electrophoresis does indeed raise the grade of purity of the protein fractions in
terms of their nitrogen contents. As can be seen in the table, the nitrogen content

Sedimentation
constant

Szo x 10 13cm, sec I

*

**

This could not be measured because of its polydispersed pattern
Sedimentation constant o1 a minor component

2.83

*

2.88

8.50 15.62j**

Electrophoreiic
mobility
cm2, voli I, sec I x 10 5

-6.12

9.17

5.87

16.45
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Nilrogen*

content I%I

ul, -2 I '''87in ip-3 15.20

in ip - 4 15.87

Fraction

Table 4.

YONEDA AND FUKUI

Chemical characterization of the four purified protein fractions

The weight of samples was esiimated by drying measured volumes 10 consiani wei hi at I 20' C.
The nitrogen. phosphorus. nucleic acids and sugar conleni of samples were measured b Ih

modified Nessler's, Fiske. Subbarow's. Warburg-Christian's and SCOil's me Ihod, r es ectivel

varies In the Iractions from 14-4- to 15.9 IJer cent. However, assumiiv' a valuc 16.0
for the lierccntage or nitrogcn in tubcrculin protein (Seibcrt at a/., 1938), the final
fractions contain at least 90 per cent protein and, in fractions in I -3 and In I -4-,
95 and 99 I, CT cent respcctivcly. The preparations were all almost fi'CG nom nos-
PI)orus and colltained very little nucleic acid. Since the latter were calculated from
Ihc 2801260 ratio, it may ITot represent the true nucleic acids content, \vhicll InI 'ht
illdeed I)c much smallci. . On the otlicr hand, consider al)IC sui, ai is resent in all
pi'cpaiai. ions liarticularly In fractions inIP-I and rutp-3. Dimculi was alwa\, s
encountcrcd in rcmoving ITaccs of starclT from the cluatcs and, jin, this reason,
saline cluates or v, ashcd starch ticaied in the same way as Ihc fraction-Gillates
were Liscd as controls cluring delci'mination or the suual content. TulJerculous
polysaccharides reinaiiiecl Ilear Ihc o119iil dtirino' clcctrophoi. CSis and causecl for
the climculty. Eluatcs from the slower Inovinu rotcin oriions \VCrc containil;I d
willT these I'Dlysaccharides. 'The rather ITi, heI sutrar contcnt or fractions itIt -I
and Inip-3 could nTostly lie accounted for' Iiy cuntaniinatit}n \-\, ith suclT Lullci'CUIous
polysaccltarides

Cattr/us, or/1,171

Sincc qualitative Iy, tinheated culturc filtrates of this oruaiiisiTl sho\-\. ed catalasc
activity, this activity \vas incasured in each 11'action atjolt SIe Ii the method as
descril, ccl in a I)rcceding section. Thc r'sults arc summari/cd in Flourc 9. 'The
calalasc activity is exprcssccl as the Kat I accordin, ,' to Ihc Ib!lowinu c uaiioiT :

a ---- initial concenti'alloii ofk- --10qiu (in 11T -I)
pel'oxide

2k3. u - ki. 5 x ----the anlount o1 peroxidc
dry weight 111 50 in I which has reacted

11 can lie seen from the figure that the catalase activity is exclusive I in fraction
inIP-4 ancl the intermediate fractions from which int -. I- is derived. The acti it
was quite heat Ianile ai}d these fractions lost their activity b , ITeatino at 60' C for
10 minutes. Assuming Ilo alteration or dellaturation of thc cnzvme tool< lace dunno
the fractional101\ I>roccdure, this enzymc was purified alJout 16 times at the final

Phonph. ,us* I PIN

content 1961 roiio

0.40 0028

0.21 I 0.014

037 0024

017 0011

Nucleic*
acids

content I%I

O 28

I 25

I. 00

O 68

Sugar*
conteni 1961
10s glucosel

4 69

I. 79

4.68

1.08

Kat I-

a

a-x



step, in terms of its specific activity. Although the activity in fraction rot -4 was
very low, all attempts to dissociate the activity from the particular rotein fraction
failed.

EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI

Culture filtrate

80 % INH412S04 precipitoble fraction
Koi. I: 15

Further fractional ion

with INH412S04

30-50 % Fr. 50-80 90 Fr

Koi. { : 35 no activity
Fractional ion by zone-
electrophoresis

Fig. 9. Distribution of colalase adjvi*y in the VCrious protein fractions of
the culture filtrate of H37Rv

Colalose activity was measured by the method of von EUler-
Josephson 119231 and was expressed as Koi-I

Imm"nochemica! analy$83

Since allevidence so far obtained indicates considerable unt of the final rotein
liractions in terms of their chemical and physical properties, their orade o1 unt
was tested jinmunochemically by the agar gel diffusion technique. Intrure 10

0-30 90 Fr

no activity

inip- 3

no activity

37

in ip-4

Koi. f : 247

C D E F G

Fig. 10. Oakley's double agar diffusion patterns produced by crude and fractionaled
prelein fractions of unheated culture filtrate of H37Rv

A ^ 0.80 0 fraction 11 ing in11
B I 0-30 % fraction 11 ing in11
C^ 30-50 % froclion 11 ing in11
D, inip-I 1250/4g in11

E , in ip-2125049 in ''
F : in ip-31250 Ag in ''

G ^ inip-41250119 in 11

snows precipitation reactions of various fractions in aaar gel with anti 0-80 er cent

A B
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rabbit sera, Lising Oakley's technique. It will be seen that fractions rutp-I and
intp-3 both give a single line and that fraction intp-4 o1ves only two lines one of
which is rather Taint. A numlJer of lines, ITowever, are found in the 0-80 per cent, 0-30
per cent and 30-50 per cent fractions. Fraction Intp-2 is or particular interest. TITe
photograph shows that this fraction gave no precipitation reaction \\, ith crude
antisera suggesting that it nlIght consist or denatured protCins. Its peculiar' poly-
dispersed I>at tern 11T ultracentrifugation \\, as described above. It was found that
the precipitating activity of fractions intp-I, nTtp-3 and intp-4- was lost completely
I)y Ileating these fractions at 70' C for. I O Inmules in neutral biiH'er.

YONEDA AND FUKUI

A coinl)Inatioil or ammonium sulfate fractionalion and zone-electrophoresis
or unheated culturc filtrates or I\{. Inb, !61/11JJ!'$ strain H37Rv on a starclT supportino
incdium, yielded Ibu^ products whiclt appear electrophoretically to I)e highly
itomogeneous. All evidence Indicates that these IJroducts arc hidhly purinecl protein
fractions. Thesc have been dishnated as follows; intp-I, intp-2, inIP-3 and Intp-4-.
The grade of nunty achieved by this procedure differed considerably in each fi. ac-
Lion depcncliiT^ tipoiT the criteria used. Thus on a chemical I)asis, particularly from
Ihc nitrogei} colttcnts, IracLion intp-4 is apparently the purest, followed I, y ITactions
inIP-3, nTtp-2 and rutp-I. But this n\ay I\o1 Iic true o1t physical andimmunochemi-
cal crlICria. Ultlacentrif\Igal analyses showccl that fraction inIP-4 was apparently
slightly Ilctcrogcilcous and this fraction was shown to be contaminated by ail antleren
whicl\ gave a jailit but distinct PLCcipitatioiT line witlT crude antiserum in agar gel,
wliile ITactlo11s rutl>-3 and rutp-I WITose niti'ogcn contents were the lowest were
fairly homogeneous on ultracentrifugal analyses and gavc only a sinole precipitation
11ne with ciiide antisera in agar gel. Althouoh the electrophoretic mobilities and
Ihc sedimentation constants for both fractions inip-I and in IP-3 sugoest that these
proteins arc CSScntially the same, they differ' sionificantly in their nitrogen contents.
Whether. this is a 11uc difference in the nitro, yen contents or the proteins of the
two fractionq o1. whether it Indicatcs the prescnce of a small amount or some non-
protein coinponci\Is in fraction rutp-I is riot yet 1<nown and requires further chemical
analyses. Fractioi\ intp-2 \\, hicll was found to I)e fairly ITomogeneous electro-
phoreticallv sho\\. ed a peculicr polydispcrsed pattern on ultraccntrifugation. The
results indicate that this fraction must I)e comprised of numerous components
with various sedimentation constants, IJut the samc elcctric charde. Moreover,
since it ga\, c no precipitation with crude antisera, it seems that these coinj, oncnts
might be denatured proteins. Chemical analyses showed that all thc final fractions
and partictilarl\, fraction intp-I ancl rutp-3 contained considerable amounts of sugar.
As was mentioned ln a previous section, such sutrars could mostly be tuberCUIous
polysacchai. Idcs which still contaminated 11Te fractions after electrophoresis. Thus,
witl} material 111at contains such large amounts or polysaccharides as tuber CUIous

DISCUSSION



culture filtrates, it is apparent that great difficulty, would be encountered in separat-
ing the protein portion of slow mobility on a starch supporting ITtcdium without
aetting contamination from the polysaccharides. This is one or the limits of the
electrophoretic separation method. Removal of the polysaccharidcs, therefore, should
be achieved bv other methods such as a column chromatography using DEAE
cellulose.

The Ileat lability or the predpitation reactions in agar gel or fractions rutp-I,
inpt-3 and rotp-4 shows that these are pi. obalJly due to protein antigens in the
frations. However, the ring tests showed that they contaiiicd a small amount or
heat stable antigen indicating that these 11 actions are still heterogcncous. However,
available data suggest that these three purified Fractions \\, 111 be vanial)IC for' setolo-
gical and biological investigations. It may be possible to use these I>untied protein
annoens in the antigen analysis of A1ycobocieii'ri, as suggested I^, a preliminary
study. Information on the serological relationship between thesc antigens and
proteins A, B and C will be reported in the next paper.

From Figure 9, it will be seen that catalase activity is always associated wxth
fraction intp-4. }lowever, this activity Is \, ery 10\\, and, assuming a \, allie for Kat ' f
of 30,000 of cow liver catalase (Sumncr at a!., 1937), the final tictivi^, of fraction
intp-4 corresponds to only one per cent or the Iattei activlty. Onc may conclude
from this that the activity of fraction rutp-4 is due to a very minor component which
contaminates this proteiil fraction. However, it in^, I)e that ITactioi\ intp-4 is coin-
priscd mostly of the apo-protein or nTycol)acterial catalase. This Is only a speculation
and further irumunochemical studies Lising the I, urnicd catalasc of this organism
arc needed to prove this.
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'rite authors are greatly indebted to Dr. Kono*uke Fukai for the allalyiical clata clLiring tiltra-
ccntrifugatioil allcl Free-electrnphorcsis and 10 Allss Kazuk0 1< awai for iter \, alLiablc ICcllITical assist-

Titcy arc also gratcful to I)is Antsuo LIDri and }lito*hi Shui IUT their in ICrcst in 11/15 won< and
to Dr. 'Fstiiiehisa I\maiTo for hclprul discussion
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