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HIKE\'S JOURNAL 4,187,196 (1961)

Extracellular Proteins of Tubercle Bacilli

111. Column Chromatographical Purification of the Proteins of

a Virulent Strain ( H37Rv) of Mycobacterium fuberculosis*'

Thrcc pro1Cins, inip-I, inip-3 ai, d nilp-4, isolate<1 by aminoniLint sulfate fractionalion and zoric-
clccirophorcsis iron, unhcaiccl CHILLirc filtrates or a \, iruleni strain (H37Rv) of JV. Jul, ,',!110Ji, , were
purlficcl ItIrihcr by column chromatography. Chemical analysis showccl that thesc proteins were
free from pitospltorus, nuclcic acids anti SLigais allcr chromatography. \, lip-I anti rutp-3 willch
ga\, e a single ITontogcncous PCak in lice-clcctiophoicsis anti till raceniiirugation \VCI'e notlL scparaicrl
into Ihrcc coinponcnis on a DEAE ccllulosc CUIuiT, n. Thc n, ain coinpoitcni or caclt pro1Cii, it ac-
1101t gave a sharp hornogcncous peak o1t rccolumn chi'Dmaingraphy by a on'adjcnt clLition mentotl
Antisera giving a single I, recipiiatioil line in agar' gcl against CTtidc conccniratccl cullurc nitrates
or I-137R\, siraiil werc obtainctl by jinmuiiizing labbits \\, iih this fraction

YOSHIO FUKUI AND MASAHiKO YONEDA

Delay!In elf! of TuberCUIo, I'J, Refe"7th In '11/1/1e/or
IVt'CFObia! DiJe", rJ, 03akn Uni, erri!y, OJ"k"
(R, cei, ed. /br A1bficnt!'on, Jig!,$1 26, 1961)

By LisiiT^ a coinl)Ination of ammonium sulfate fractionalion and zone-electro-
phoresis o1T a starclT supporting medium, three scrologically active protein fractions
(intp-1, inIP-3 and inIP-+) \\, CTe isolated from unheated culture filtrates of a \, irulent
strain (H37Rv) of 111.1116, it1110Ji'r (Yoneda and Fukui, 1961a). These protein fractions
were purified I)\, TCPeating the zone-electrophoi'esis and the final products seemcd to
be ITeat labile proteiil antigens of consider alJle apparent purity (Yoneda and Fukui
h). However, they still contained apprecialJle amounts of ITeat stalJle antigens,
which were presumably attributed to a small amount of the seroloo'ICally active
tuber CUIous polysaccharides unseparal, Ie from the protein portion Iiy this procedure.
AltlTough they were suitalJle for' a few serological studies (Fukui, Yoneda and HOTi,
1961), further extensive purification of these antiuens, particularly I>y removing
the polysaccharides, was necessary to obtain precise information about their jin-
in unochemical properties and to prepare pure antisera for. setolouical analysis of
,\{ycobnc/, 11nl extracellular protein arithens. Column chromatoo'raphy LISing various
ion-exchanger resins or adsorbents has recently been \\, Idely employed for' the
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separation and purification of 1,1010gically active proteins (Kener and Block, 1960) .
Thus, this method was used in an attempt to purify these antigens to such degree
that no minoi: components other than proteiiL could be detected.

The present paper describes the purlficatioiT of three protein antigens, rutp-I,
rutp-3 and intp-4 by column chromatography LISing DEAE cellulose and hydro-
xylapatite. The degree of purity achieved by this method is described in terms
of the chemical, physical and jinmunological properties of the proteins.

I. Pro!ein pie/dialio"$

The preparation of the three extracellular proteins (intp-I, inip-3 and inip-4) o11\/. 1116erc"!o5is
strain H37Rv used in this studyis described in our previous paper (1961a). Concentrated solutions
of these proteins in botate-phosphate buffer (pH 8.3, ionic sirengt11 0.1) were stored at -20'0
2. DErlE centi!ofe and bydi'UV!"/nine

Hydroxylapatite, calcium phDsphatc, was Iircpai'cd according to the nTcthocl of Tiselius at a
(1956) with the slight modification or Halbert (1961). The DEAE cellulose employed was pur-
chased from the Brown Company (Berline, \e\\, Hampshire) and ionized by Peterson's method
(1956). All procedures of column chromatography were carried out at 4-6'C
3. Double diffJio" parrJi!ajio" ill agar gel

The dotible diffLisioit precipitatioil techniques of Oakley (1953) ancl of Ouchtcrloily (1948)
were employed with tile slight nTodification clescribecl in Qin' previous paper (1961a, 1961b)

4. IIJ, 41"

I. Cliemi, n/ analr$,$. Tlie protein contcnt was determined by Lowry s meIhod (1953), phos-
phDius by Fiskc-Subbaiow's me Ihoc1 (1925), ITUclcic acids by warburg and Chrisiian's Illethod \1941)
and the sugars by SCOiL's method (1953). The nitrogcit content \\, as nleasurcd by a nTodilied micro-
1<jeldahl-N. sthr method (1955)

2. DJ, , reefg/11 menJ"I'me"!. The dry weight of the specimens was esiimated by diyiilg measured
\, o1umes 10 constant weiglTt at 120'C

5. Unrnre"/lying allo, I

Tltis \\, as cal'Tied out 11T a Spinco analytical ccniiifLigc A{odcl E at 20'C \\, jib materials in NII20
phosphate bLiner, PI{ 7.2. Samples were analyzed with an analytical A to 10r ai a ccntrifugal force
of 59,750 rpm. They, were observed at inter\, als or 240 secoitds

6. Pity^Ia!ion of '11/1'fern

The I, reparation of rabbit antiseia or 0-30,30-50% ammonium sulfate saturaiioiT ITaciions or
H37Rv cullurc filtrates has been described previously (1961a). Rabbit antisera of rutp-I, intp-3
and rutp-4 purified by column chromatography were also prepared. The method or immunization
with these n, aterials was described in our previous paper (1961a). In the present \voik, the fist
injcciioil dose \\as loong or protein per rabbit and the booster dosc was 50/1g protein pm^. abbit.

FUKUI AND YONEDA

A{ATERIALS AND I\IETHODS

I . DErlE c#/!u/ofe chi Dina/ogi'riptr of in!A-I

Prior to chroinatography, concentrated rutp-I was dialyzed against the in. itIal

RESULTS



..,,.,, nt, *ti. n of ph. ,PI, ,t. I, urn^ (0001 A1) at pH 7.0. DEAE ., 11ul. *, war I. ni-
zed IJy Peterson's method (1956) and first washed several times with thc initial
concentration of I)urr'er on a filter. Non-sedimentii}^ ItTattcr was removed I)y de-

cantation ancl the cellulose \\'as IJacked under slidht positive pressure into a glass
chromatographic column, 1.5 x 30 cm, fitted at the 1,0110m with packed glass \\, o01,
to a ITcioht of 25 cm. The column was then ntounted on an automatic fi. action

collcctor (Toyo Roshi, I\10dcl DFS-I) in a cold Tooltl and washed several time \\, ith
50 nTl of the initial concentration of IiuH'er. About 7 drams of the adsoil)ent were

employed to pack the column. 10 inI of inip-I containing 119.3 ing of protein
was appliecl to the column and then Gluterl by oradicnt elution with fion\ 0001
Nit0 02 NTPhosphate lJUH'cr at pH 7.0. 10 in I aliquots of the cluate \\ CTe collccted
in the collector at a now rate of 10 ITTlj, ". ITour per cm2. Establishincnt of a linear
oradient in this elution \\, as checked by nTeasurino the refractory index of allquots
from a similar control column. The proteiit content of eaclT tune was determined
spectrophotometrically, at 280 Inn. The elution pattern on lainecl is SITown in
Figure I

EXTRACEl. LUL:\R PROTEINS OF TUBERCLE BACILl, I
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There were three peaks o1T the chromatogram, which did not separated coin-
PIGtely. The total protein content of the pooled eluates from these three peaks
was 60 ing, so that the recovery \\, as about 50 per cent. Agar gel diffusion analysis
showed that the first peak formed two precipitation IJands against anti 0-3016
Fraction serum, \\, hich fused witlT a single precipitation I>and of the other two peaks,
in ai\ Ouchterlony plate.

2. DE, E c#!/1110re chi'omd/rigidp/!y of nit!-3
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Fig. I. DEAE Cellulose Column-Chromatography Pottern of inip-I
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FUKUI AND YONEDA

Mtp-3 was chromatographed in the same way as rotp-I, but in this case 108.2
ing of protein was applied. The result is shown in Figure 2.
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Although the pattern was always slightly different from that of intp-I, there were
also three peaks on the chromatogram. The recovery from these particular
peaks was about 47 per cent of the protein applied. Protein from the first peak
formed two procipitation bands against anti 30-50q4 Fraction serum and, as in
the case of intp-I, these bands fused with a single precipitation band formed between
the serum and the protein from the other two peaks

3. DE, {E ce!/ulore chi'om@!ogi'apty of nz!#-4

Mtp-4 was chromatographed on a DEAE cellulose column by the same pro-
CGdure as for intp-I and intp-3. TIT this case, 1069 ing of protein was applied to the
column. As can I>e seen in Figure 3, a single broad peak with considerable tailino

40
Frociion No

Fig. 2. DEAE Cellulose Column. Chromatography Puffern of in, p-3
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Fig. 3. DEAE Cellulose Column-Chromatography Pattern of inip-4

Dolled line indicates Ihe salt concentration of buffer

determined from the refractive index

appeared on The chromatogram. The recovery of protein from the peak was 35
per cent of the total protein applied. The eluate from this peak was collected,
precipitated \-vith half saturated ammonium sulfate, dialyzed aoainst the initial
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EXTRACELLULAR PROTEINS OF TUBERCLE BACILLI 191

concentration of buffer an then Techromatographed on DEAE cellulose. Ho\\, ever,
no peak could be detected. The peak seen on the first chromatogram formed
a single precipitation line against anti 30-50% Fraction serum in an Ouchterlony
plate.

4. Rechi. Dinn!ogi'a/^y of in!#-I and inn-3.

Eluates from the main peaks of intp-I and of Intp-3 on the chromatogram
described in the previous sections were collected, precipitated by half saturated
ammonium sulfate and then dialyzed against the initial phosphate I)ufTer (0001 M,
pH 7.0). Ten inI of each solution containing 35.6 ing protein for intp-I and 34.2 ing
for rutp-3 were applied to the DEAE cellulose column described previousl . The
results are illustrated in Figure 4. As can be seen from the floure, a sin Ie shar
protein peak was obtained in both cases, which appears to lie homogeneous and
they, were in the same place on the rechromatograms as ITad been on the first
chromatograms. There was 87 per cent recovery for. intp-I and 90 per cent for
intp-3. In Oakley's tubes, they formed single sharp precipitation lines against
anti 0-30 or 30-50% Fro. ti. n serum (Ph. toginph I).
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Fig. 4. DEAE Cellulose Rechromotography Patterns of inip-I and min-3
Dolled line indicates Ihe soli conceniroiion of buffer delermined
from the refractive index

^^
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Since intp-4 could not be techromatouraphed on DEAE cellulose, probably
due to denaturatioit of the protein on the column, attempts were made to chroma-
to graph it on hydi. oxylapatite. This was poured into a alass chromatoo'raphic
column, 3 I I 0 cm, fitted at the bottom \\, ith packed glass \\, o01 and was allowed
to settle b\, gravity to a column Ileiuht of 7 cm. Ten n, I of inIP-+ solution, contain-
ing 73.3 ing of IJrotein, was applied to the column and eluted I)y oradient elution
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witlT 0.001 M to 0.2 M phosphate buffer, pH 6.8. The Glution method was the
same as described in the preceding sections.
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As is seen in Figure 5, three separate peaks appearcd whiclt were all elated at a
rather low concentration of the buffer. Agar gel difftision analysis showed that only
the main peak. \\, hich was Gluted at the SIo\\, est rate, could react with the anti 30-50 %
Fraction serum and formed a single sharj, precipitation line In an Ouchterlony
plate. The recovery from this main peak represented about 48 per cent of the
protein applied.

The protein of the main peak was concentrated from the eluate I>y salting out
with ammonium sulfate. It was dialyzed against the initial phosphate I)ulTer
(0001 M, I, H 6.8) and th, it an PIi, d to ^ f",, h hydroxylap, tire .. Iumn. 53.2
ing of I, rotein \\, as applied.

10

Fig. 5. Chromatography Pattern of inIP-4 on a Hydroxylopatife Column
Dolled line indicales Ihe salt conceniroiion of buffer determined

from the ref rociive index
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193ExTR, \CELLULAR PROTEINS OF TUBERci, E Br\GILLi

Figure 6 illustrates the Techromatography of rutp-4 o1T the column. From
the figure, it \\, ill be seen that only a single sharp peak appeared o11 the chromatogram
at the salt concentratioit expected from the first chromatogram. However, the
pattern \\, as consideral)Iy skewed. The recovery \\, as an out 92 per ccnt of the total
proteii} applied. By using Oakley's technique it \\, as found tl\at the final protein
preparation still gave two precipitation lines against anti 30-509', Fraction serum,
althouuh one of these lines was very, faint.

6. Chemtcnl all"!TJ"

A summary of certain chemical analyses of intp-I, intp-3 and InIP-+ purified

Table I. Chemical Characterization of inip-I, in*p-3 and inip-4 Obtained offer Purification

Moleriols

inip-I

in ip- 3

in ip - 4

The weighl of sample was estimated by drying measured volumes 10 consioni weight o1 120 C
Samples for phosphorus delerminalion were I ing dry weighl and 10 ing dry weight for sugars
The nitrogen, phosphorus, nucleic acid and sugar conteni of samples were measured by the
modified Nessier's, Fiche Subborow's, Warburg-Christian's and SCOii's methods, respectively

I)y chromatograplty is presented in Table I. It is evident from these data that
further purification I)y columiT chromatography does indeed increase the purify
of these materials in terms of their nitrogen contents. Moreover, minor. coin-
ponents sucl} as phosphorus, nucleic acids and particularly sugars, whiclt still
remained after zone-electrophoresis, were scarcely detectalile after chromato-
graphical purification

7. Uni. aceii/I ifwgtt! and!y$, r

Ultracentrifugal examination of these chromatographically purified nTaterials
showed that both rutp-I and intp-3 were single homogeneous components, \\, hilc
rutp-+ was still comprised of two components. Photograph 3 illustrates the pat-
terns of these proteins in the ultracentrifuge

8. Jinin!{"0!0gica! popei'/18r

Analyses IJy agar gel diffusion as well as chemical and physical studies clearly
indicated that the final samples of I'Dt}t intp- I and intp-3 were highly purified
proteins \-\, hiclt could IJe considered ILOmogeneous. Therefore attempts \\, ere
made to obtain pure antisera of these proteins by Injecting the samples Into ral)bits.
The method used is descril)ed in the section on IVn/eitulr and I\leihodJ.

To test the purity of the antisera thus obtained, analyses IJy agar gel diffu-

Nitrogen
conieni 1951

16.6

16.2

Phosphorus
content I?61

<0 .I

<0 .I

<0 .I

Nucleic acids

content I%I

<0 .I

<0.1

<0 .I

Sugar
conlent I%I

<0 .I

<0. I

<0 .I
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win by Okal, y'^ in. th. d with a ,light madifi. ati. n (Y. ned^ and Fukui, 1961 ^)
were employed. The arrangement and form of the reservoirs were the same as
described in our previous papers. Thus, in the specially made small plastic con-
tamers (3.0 x 0.5 x 0.5 cm) undiluted antisera of intp-I and rotp-3 were set
against concentrated culture filtrates of strain H37Rv and incubated at 37'C for

three days. Then the precipitation patterns were photooraphed. As controls,
anti 0-30 or 30-50% Fraction serum was employed in place of the test antisera.
They are shown in PhotooraplT 3. It may be seen from the photograph that anti
intp-I and rutp-3 serum gave only single precipitation lines against the crude
culture filtrate while the control antisera formed many precipitation lines. Anti-
sera were also prepared for intp-4 by the method used for rutp-I and intp-3.1)ut
these sera gave several faint lines besides a main strong precipitation line against
the concentrated culture filtrate.

FUKUI AND YONEDA

DISCUSSION

As was descrilied in ou^ previous paper (1961a), purification by repeated
zone-electrophoresis failed to remove appreciable amounts of phosphorus, nucleic
acids and particularly sugars from three protein antigens (intp-I, intp-3 and rutp-4) .
The results presented in this paper clearly sho\\, that chromatograpl^, on DEAE
cellulose and hydroxylapatite columns removes these components from the protein
antigens. The values of 15.9~16.6 for. the nitrogen content and of 1.70~1.75
for. the 2801260 in/4 ratio of UV absorption indicate that these final I, roducts are
highly purified forms of these The absence of detectable amounts ofproteins.

sugars, phosphorus and ITUcleic acids further suouests that they are probal, Iy of a
simple protein nature. In our previous paper, it was noted that considerable
amounts of Iteat stable antioeiis were still present in the original intp-I, rutp-3
and intp-+ preparations. However, I, y the ring test, they \\, ere scarcely detectable
in these final products after chromatography. The absence of these heat stable
antigens may probably I)e accounted for. I>y the removal of serolooically active tit.
her CUIous polysaccharide from the orioinal preparations.

The finding that both rutp-I and inIP-3 are comprised of three components
separable from eaclT other by DEAE cellulose chromatooraphy is of considerable

It Is still uncertain if these coinpontents are merely artifacts producedInterest

by DEAE cellulose chromatography. Ho\\, ever, since when their main components
were Techromatographed, they were eluted in the buffer solution of the expected
salt concentration and were recovered in hidh yield (87~90 per cent), these coin-
PODents may not be mere artilhcts but true constituents of I'Dth rutp-I and intp-3,
unseparable by zone-electrophoresis. Analysis by aryar gel diffusion suggests that
one of the three components, the first component Glutable at the lowest salt con-
centration, may be comprised of I, oth cross reactino and identical antler errs with
the other two component. Whether this is true must be tested by further jin-



in unochemical studies of these components.

Formation of a single precipitation line in agar. gel even aoainst concentrated
crude culture filtrates clearly indicates that the anti intp-I or rutp-3 serum contains
no detectable amounts of precipitating antibodies which react with the antigens in
the filtrate other than inIP-I or intp-3. It may also provide further strong evidence
of the high degree of purity of these antigens purified on DEAE cellulose. Althouoh
further separation of the components of intp-4 is needed, successful preparation
of tv, o pure protein antigens and their antisera has permitted us to carry out
piecise jinmunochemical analyses of some ,\{ICObrrc/end/ extracellula^ proteins.
Thus, using intp- I or rotp-3 and their antisera, investigations are now in prooress
on the cross reacting materials produced Iiy strains of "unclassified ,\lycobac/, jin"
(Fukii, Y. n. d^ and Hori, 1960).
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in ip-I

Photogroph I. Oakley', Double Agor Diffusion Precipitation Patterns of infp. I grid

inIP. 3 Purified Chromofographicolly
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