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MIXED CRYSTAL TUBERCULOPROTEIN FROM Hi:Rv
STRAIN OF MYCOBACTERIUM TUBERCULOSIS

Hiromichi TASAKA*, Yoshiyasu MATSUO and Masafumi KATO

(Received for publication March 15, 1976)

Proteinic substances were separated as needle crystals from unheated culture filtrate of the
strain HyRv of Mycobacterium tuberculosis grown in Sauton medium by saturated ammonium
sulfate following fractionation with starch blook zone electrophoresis.

(1) Crystals of the same appearance were also found in the extract from surface large of
the bacilli of M. tuberculosis and in culture filtrate of the strain ATCC 14468 of M.smegmatis.
Proskauer Beck medium could be substituted for Sauton medium and Pevikon used instead of
starch for supporting medium of the zone electrophoresis.

(2) The crystals were not separated in a particular fraction with saturated ammonium
sulfate, but the concentration at 60% was of the best condition. Crystallization occurred in
broad areas ranging from pH 2 to pH 9.

(3) Proteinic crystal was found to consist of pleural proteins and referred to as Mixed
Crystal Tuberculoprotein (MCTP). MCTP separated from 0~50% SAS fraction was composed
of @, 7 and other proteins, and in contrast, that from 50~70% SAS fraction B and other
proteins.

(4) A glycoprotein associated with MCTP was detected from culture filtrate of M. tuberculosis,
and separated by gel filtration using a Sephadex G-100, ion exchange chromatography with a
DEAE sephadex A-25 as well as affinity chromatography with the aid of a Con A sepharose.
This glycoprotein was assumed to form the nucleus of crystals.

(5) In addition of MCTP, an extracellular protein other than @ and J antigens, named 7
antigen, was separated and purified from culture filtrate of M. tuberculosis. The distribution of
7 antigen was examined by the Ouchterlony’s method. It was demonstrated in M. tuberculosis,
including resistant strains against various drugs, and M.bovis, but not in M. kansasii, M.
marinum, M. scrofulaceum, M.intracellulare-avium complex, M. fortuitum, M.chelonei and
M. smegmatis.

According to, the authers’ further investigation, it seems better to replace the term “crystal”

with “paracrystals”.

* From the Department of Bacteriology, Hiroshima University School of Medicine, 1-Chome Kasumi,
Hiroshima 734 Japan.
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KRHE - @IV L O THEBED & v R 7 BEHE a
BIO B 25 - BRESH TSR ol
HEELT, >3z Daniel and Ferguson® =1 v a;
BIO a HUEOHEERHE SR TOBIZ+E 70,

bhbhite PUFERE HeRv $oeinsus 2w
D35 L EAFIHRLE (SAS) TIHBET 55 v A BETF v
VEBBESKEC X DVAE L, SERIC SAS 2inx b
CARMCEBE IR ARE I D 2 v Ry BlEDERON
H2Z bR 05 B nuBECEB L, o0
FEEY, CHAEBEM LT SAS iz 50X Tl EES
EFE B, HOTF v VvARESREI R T2
SAS %Nz % LML TS B2 & Seibert Dy
L7cfEd® L1 s Lo L Bbhic, M4 maofbE,
ZORERLE YR B TIIS B, B—irx Vs g
CEDLDTIHRL, BEDZ v 7 Bic X > THERE
NOBEHETHY, L2 v R 835D D T
SHLVEWS EEREGARAE BRI, RO
Bz vty EUTHRAMD o8 PAbie 1 LHDF 5 & v
Ry BE D B L 2D TUTHE T 5,

HEBEOTICEFE

1. BREEOFEE: v FANEE HeRv # (Tru-
deau H—FRAMBF 2 B55 S i) % Sauton 235 (117
D=7 7 A 212 200 ml o4 13) 12 3~438H, 37°C
TFLEEEL- OB, glass filter k¢ Millipore
filter TYEB L7, .

2. BERIBIE OWEHTENE LWL SE:  REREme di-
sodium ethylenediaminetetraacetate (EDTA) % 2 mM
% X Uethylenediamine-di-o-hydroxyphenylacetic acid
(EDDHA) # 0.2mM 12 7c % L 5 12N, HEsr
TO2580F0 (472 /D o7 X 51Tz TREN THEEE L,
Brith Urc b ety 235 040 i (12,000 rpm, #EFEEL) L
T#w», 1mM EDTA 47 0.05M Trisaminomethane
buffer, pH 7.5 (LIF 0.05M TrisCl, pH 7.5) =%}
UCEN, WL, Zhz 100,000xg, 60 558y

Fig.1. The Fractionation Procedure Employed

for Crystallization from Mycobacterial
Culture Filtrates
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3. TV VHEBEKKENEY: 183 7% 10cm,
wmE Loem, BX 3lem 0F v v w7 OB
L0 10cm oFEANC 1.0 cm [FICkE A FIE L, 2mA/
cm? T 16~18 B k=W T 0.05 M Veronal buffer,
pH 8.6 %#ZEK & L CEAKEI 21T/ 0l, B,
FvIvTe y rkig L.0cm Formgh LT, KE
DHEEE AN, 4 F721% 10ml o 0.05M potassium
phosphate buffer, pH 7.6 %1% T X {BHEEKE L,
HRBE O EBHO—HIL & V27 BORE Lowry &
DHED) whHT, 22°00KkEXE—7izit SAS (pH
7.5) Iz COKENTHE L,

4. T PR EE - $EHL: 35% SAS SER T VTV
THEKKEL, BEHEORTWSEHICHTH Uik
% = ETHGE L TR R ) OB L T b & vy
H%& MFEME &L, Sephadex G-200 (47 4: HEE
2.64cm, £ X 100cm; #EEyE: 0.05M TrisCl, pH
7.5) THAYES, kT DEAE cellulose (# 35 4: &
£ 1.5cm, £ X 30cm; #EfEK: 0.5mM EDTA 4
7 0.02M Trisaminomethane buffer, pH 8.0 (LIF
0.02M TrisCl, pH 8.0) Iz&HaEE% 075 0.2M
CEBCHEINES ) XA M4 vEfrsr~ 3
74 =BT, BRI E VR EE T HREEOT
7o T DPIREMER X CHIE D EHE Ouchterlony 17,

Fig.2. The Fractionation Procedure used for
Isolation of Mixed Crystal Tuberculo-
protein-Glycoprotein from Mycobacterial
Culture Filtrates

Unheated culture filtrate
Hi,Rv

!
Concentration by 70%(INH,),SO,
Ammonium sulfate fractionation
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N
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Centrifugation, 100,000 x ¢, 120 min.
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l
Con A sepharose chromatography
Eluted by 0.1M borate buffer, pH 6.0

Mixed crystal tuberculoprotein-glycoprotein
(MCTP-GP)
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FHEAHEEINEEYS IO SDS RYT 7 UALT I
7 LVERKENEY TIT 27,

5. EEMNEX v OB - KB 50~T707% SAS
SER IR L L, Sephadex G-100 (# 7 4: EEFE
5cm, £X 100 cm; #ZfE#%: 0.05M TrisCl, pH 7.5)
T A PEE L, 100,000 x g, 1204338350, C lipopolysac-
charide #[: %, %\ T DEAE sephadex A-25 (# 7
s: EZ1.9cm, £= 45cm; iEfEE: 0.02M TrisCl,
pH 8.0 o fEEES 025 0.5M WERANCHEMS
BE) L AAA VBRI v < 7T 7 4 —=TILD
7ro AEVEC O\ T 280nm ORI 7 =/ ~
U RO Lo TR OB BEFT 0, BITKE
Hlod7-3, Con A sepharose (7 4: EHfE 1.9cm,
BE 0em) CXBABREI/I R I/T T4 —KTR
0.1 M borate buffer, pH 6.0 THEx v 27 ZHEHL
720

153 i®

v A HeRv $RoOIEMESS

Photo. 1. Mixed crystal tuberculoprotein from
359% SAS fraction.

Photo. 2. Mixed crystal tuberculoprotein from
35% SAS fraction (magnification, x240).
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SEPEWE B D 35% SAS S « 7 v 7 VARESKKENT
X AEERT SAS iz THIH L CE eshiRIERIR
FEHE1, 21 THED TH D,

C ORI, XU D SAS SEix35~50% % L V50
~70% & LCH BB EO DB T2 & &hvbhhe
D1z,

* 7, SEREEA (BB 200g) 1@ 1,500 ml o 0.05
M TrisCl, pH7.5 #fnx, AZ~—F—_ELT72FHEH
BLCES R EAEEMEE, ROURAA S <HE
ATCC 14468 #:> Sauton REEEWK /5 b FEDOHES
DT FRD i,

o Sauton E2yg D14 H1c Proskauer Beck ¥EiZ
(Difco) #AWVTH, FLBRUBOIHGEET v7 v
D iz Pevikon & L T4 FAEDMEHOITHIATRD B
i

2. WERHTHICRITT SAS EE L pH o (D
SAS JEEE—50, 55, 60, 653 XU 70% fafncie s &5
1 SAS # iz THIE LIckER, 60% SAS DBHEITH
L X EROEA R bR, (2) PH—F v 7 vk
TEAIE, L Shix v BaER O pH1X8.0
~8.3 THoto, FThuEs LUy — 4T pH

Photo. 3. Double-diffusion analysis in agar
gel. The three center wells labelled C35,
C50 and C70 contained MCTP from 0~35%
SAS, 35~50% SAS and 50~70% SAS
fraction, respectively. The peripheral well
labelled AtRv contained rabbit polyvalent
anti-HyRv anti-serum.  The peripheral
wells labelled Ata, AtB and Aty contained
rabbit anti-a, - and -7 anti-serum, respec-
tively. :
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2.0~9. OZAHIE L THRE LIcHE R, &l pH 137.5~8.0
THhote, 7eiZl, X WEMEE7T A5 # pHIRT

LEFEIIER T 5 M EM OGRS b,

3. FEMEHERT L2 Vs E: BREECLIOoTHE
i SRIERICOWT, @ SIOH B mE (k
#H, KEEBEEOCHERCL VG5 E 5000, #i
7 IiE () 7Ol HeRv I & 7 4 RIERER
GERITIR D745, BHE3CRT L O3B % 5 L050%
SAS @ L b OFERICIE @ IO T HEAED bR
7%, 70% SAS 5 X H OFERICIE B PURDZMNTAD B
nic,

SDS BV 72 VA T I FF L ERKB LIy L&
Coomassie blue ¥ X PAS #:fa3+7% & Coomassie
blue Heth Ti% 0~50% SAS ¥ L 08 50~70% SAS 43|
NHDERLTICEAD AV P S hiz, Foduc
F—BBEL R3SV NGRS bhichoic, i) PAS
Peta TIXM 7 L O ST OEFALC N v FHFED Bz,

4. 7 PUROLEE - k8L BB EIE D0~35% SAS 43
Ex7 vy v RERERKEI L, HTH Urcfia By 75
Y DI % B %%, Sephadex G-200 T4 L IEBL
T, BB T 5K ER Y~ 712o\WC, Fiz DEAE
cellulose #5 A TCAF v rsv~< 257 4 —~ 51T
5 EMBWRLIcL S Bl 2 00— 2 A\ E b
oo B2OE—I7CEEND X VA7 BHIZH a M &
7 L RSO CULRE A AT 5 DICR LT, 1 e —
7 DRI a Ml &R % 4 Uie\ 2%, i HyRv
I3 &3 L RKDOIMEG A = U, 2D X VA7 BiLH B
1 & 7 VRIERERIG 2 1T 722 T b T hucst U Tl
HIEDIWE ERBErDIc L, FER U4&#T DEAE
cellulose T X A A A VI v = s 2T 7 4 —H{Tic
D, Bbhicx vy Bikbt HeRv i & oxcE R
PEKIKENC X D L AOWREREN AT 5 2 &, %72 SDS
RV T 2INT I FAAVBRKKEITL 1AD Y FL»
BHBRIEDIZ &b, THIIBEMO @ XU B
PR TR DB R VA BLEZ DRI-DT, Th
T PR & LT,

T PR Ty FERRELT, Bohicil ¥ miE a
FIO B HFIC R U T 7 A PR RS TR A T
7w\ (BHEAZRB) 7Y, HeRv PR & CEAEEKKE
BT 5 & VRO O L ik b & ERHERL
7o

7 PUR D5 FEiX 30,000~70,000 DT a HiEDF
ML D LR REL, WEFBETIEL30% 75 45% O
SAS DIt L, BRHEEIL a FUR L D b7k L,
100°C, 30 ;- onE CHREME £ 5, » A HEBRIET
Bt L7chR b Tk SRR HERSE (ESEETAE
Rkt, BAFTERROSHFEC I W3 5E2TTR) B
IOV R T PUROFENRD Shih, Myco-

M 5l % H4F

Fig.3. Elution Profile of 7 Antigen Using DEAE
Cellulose Column Chromatography
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Note: Solide line showing the optical density at 280 nm,
dashed line indicating NaCl gradient.

Photo. 4. Double-diffusion study in agar gel.
The center well labelled Atr contained rabbit
anti-serum. The peripheral well labelled Rv

contained crude H;;Rv antigen. The three
peripheral wells labelled «, 8 and 7 contained
@, B and 7 antigen, respectively.

bacterium kansasii, M.marinum, M.scrofulaceum,
M. intracellulare-avium complex, M. fortuitum, M.
chelonei ¥s X8 M.smegmatis 1213 DFELEN LD B
NI DDI,

5. RO DWBEDSEE - k5l BitHoX 5
EMIRER & LT B B E & v o2 2 By, SAS
BEREACEL THEBLR B DL TS % < S
Eht, FRv pH BT abhs, Loans
SDS V727947 3 FrLTEKKE T2 & 50%
SAS K L 70% SAS SEDWTHDESLNHD L
1A PAS Jeta TR IR D A v P I R, F o
TRMBVRIHE 2 v 27 BBE L T2 DTk &
Ex, HEHEEKD 50~70% SAS 4% Sephadex G-
100 w X b F A BT LE—27 1 &€~ 2 20K
SV 2ODHENEDNT, ThBEETRERT VSV
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Fig.4. Elution Profile of Mixed Crystal Tubercuroprotein-Glycoprotein
Employing DEAE Sephadex A-25 Column Chromatography
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Note: Solid circles show the optical density at 280 nm, open circles the neutral
sugar content, and dashed line the NaCl gradient.

SBESKE THR TS EFBD LicE~2 1D, £D
FIZRERER VA BN LIS, £ TIDOY— 7%
100, 000 x g, 120 43#85% 0> L, lipopolysaccharide %[\
Foth D FiEW %, DEAE sephadex A-25 TA o+ v23#i
7= b7 7 4 —EfTS ERAR LI Sk
BO2 00—~ 77 bUIC1DDR YV A7DE~27D3
FENMEDII, BT ThOE—2 %7 v 7 v
ERIKE) TR LR R, RAAMRE % vz ik
F20E— 27 1CHYT S LIS DBRIZDT, Th
1z~ T Con A sepharose TRE/v< 257 4 —
%477\, 0.1M borate buffer, pH 6.0 T35 =
LTk DR SR RAMEE S v HEEED 2 &
T& T,

B VIR BSMRE s v R BELTCT VT
VORESRKE L THRES LIcRER, B PUR DA TlLfE
OFTHAED bR iehDlc DI L, Fix vy kel
CEZIKE) Lic Tk o A b,

% ES

FEREE DI P E LB R B g B, A
KERRET S Z LI X DT, & v BRSO
HEs i), ChE TClfEIni s Lo\ Fsti
BigeBlgELis,

DR VA7 BEWOREREBT LI 2 A, ThIIE
Dz v BERRERS & UL v L BIE
S %R (mixed crystal tuberculoprotein, MCTP)
THAH I ENPELMCT I NI,

ERIKENC LD TORBPHTH T2 & & OBEIXEA
LTI, 0~50% SAS Sifin bOEME @ Bk
O T PR EREERR A V22 L L, fl550~70% SAS
DEND DL L B PURE DD & v 7 BRI
VA7 LTI LT B2 Enbd, BREKEICI 2T
Bz vy PNEME IR CTEBICHET 2 2 v 7 B

ETFL, CAMLE D TRAZITHS 2 DT/
MEHEIND, Bx v A27DZDL 5 {EANESRK
BNEUAN DL O TLIBI D 5 500, EREMmE
LCHH LT ooz v 2Bl S oTH S &
IELTWWDn, SARBEDZ v BEETET
DO, T 50t g v 2 BiRRHE &5 BT o8
GLANTE DX 5 7B 50 5 O, Tn & OBIRE
RIS IR X 9o BRO X SRR X vy
(MCTP-glycoprotein, MCTP-GP) # Hit4 2 Hik%
B EMTERDT, BT OEWHEELZII LD
e HOVALEIBERIC DV TR E R 1772 5 FETH
%o
EREERLTWV %2 VA7 Bokid, kH - fd
HOD©Z poCHES e @ BXU B MR &R D %
VR E, T HURR DL 2, 7 PRI S, 4
FERBIVEZSHETIE o FUR LAUOHE % =T
2%, SEEEIASF OB B\ B A a BUE SR
D, LLABHIFILEMUT S % —vERLIEY, Zh
L Daniel and Ferguson® o a; L0 a; ¥l & DR
R D TR I ERRT5 & ENTE RO H, a
FIO a HIFIHEBENESISHEORE - &b,
T IR EER D LD LB D,

& B

v b EERE HaRv #hkod> Sauton 8538 DIEHNEE5E
B, 77 vAEERKENE, S ERC AR
T IMZ B L& v BROSHRFE R TN 28 %
BB LT, TODX VoA H ORI

(1) BE#EEHOR TR EEEEREE T LR
X7z, Proskauer Beck #yFTEZ#E L T 1, BXIKE
D k% Pevikon 12z THREEDORE S OHTHIA A
Bhts, %7, Mycobacterium smegmatis ATCC 14468
RO FEIEE T L AR 4 < AR OSHIRES S
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HE R,

<2> FhfRlE 2 VoS 7 IR ESEERC X o5 R T

ZEBTEIV, FEaTHE D7 D Es 'ﬂi ffi%
EE;;SOAT@O,; FiopH2 269 2 TRE
Bizhieo T & BT,

(3) z2v 7 BHEOKGIE— s //\7F’;’1IZ>
FERTIT 70 0~50% SAS SpE ORI a 310
YAEE&%%ﬁﬁ/A7&L,%NW/SASQE#
B®%%ﬁﬂ5mg@ﬁ%%&5/Aﬁa??%wué
D7,

(4) BEEREETL DM BRI v p
RO TH A5 &EZ bR,

ek, MEEOBEGEN S v ELTERD ak L
6 PUREITRAD 1 PURZHHE - B8 L7,

ARICH 7> TRE IR O T /e bR E &
A2 TTEDIRBEEEERE, WERREES JUFHE
BEL CRERFEM AR CEH L £,

E B X B
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R HRD & v 2 BUEAEOBER LY, e 0E
4% \~@ Phosphate buffer-Veronal buffer (= o\ Tzt
L7-#55, Veronal buffer % 50% L) =4 BiGIE
MR a N A B & L1 52T, shikiEMmEDE DT
T5IEmRE SR, Lo T, kBl L TEx:
FREERIL & vt B e Veronal RS E B,
CHUCHER &V S RBIR S DIXEY) & (XA
DT, AP OFEE (crystal) xfEdhtE (paracrystals)
B LR (mixed crystal) (3R (mixed para-
crystals) &7z,



