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Cloning and Expression of Mycobacterium tuberculosis DAN in Escherichia coli
Shintaro KIKUCHI and Papachan E. KOLLATTUKUDY"

Abstract

Although Mycobacterium tuberculosis is one of the first identified pathogenic bacteria in man, the biochemical
and immunochemical characterization of the bacterial antigens have been limited by difficulties in dealing with
this bacilli in vitro.

As the the cloning and DNA recombination technique have been considered to be an effective strategy to
survey the genes encoding protein antigens relevant for such studies, M. tuberculosis genomic DNA was isolated
and the fragments with randomly generated endpoints were used to construct a lambda gtll reconbinant lib-
rary. The antigens encoded by the recombinant could be accumulated in Escherichia coli strain defective in pro-
tein degradation (lon), because gtll permits insertion of foreign DNA in the S ~galactosidase strudtural gene, lac
Z, and promotes synthesis of hybrid proteins. A very low molecular weight polypeptide, .compared with the
size of recombinant DNA, was detected by Western blotting with hyperimmune rabbit serum. These results
have indicated that mycobacterial DNA could be expressed in E. coli, but the transcription-translation appar-
atus of this enterobater‘ia would recognize some M. tuberculosis amino acid-coding-DNA sequence as the initia-

tion or terminination codon.

1. &0 &I

Mycobacterium BHI R £ 2" 7 LB DIRE T, Mycobacterium smegmatis ° M. phlei 70 & D X 5
WCHBERICERET 25000, v MEEERE M. tuberculosis 2 H\> () B M. leprae 28T S h
LIRBEHICN /25 EFTHRFICOALLGA L, #N6DIEDOME T HIEEMEICH 42 A CHEE
WIS NTO s KL, F7, TOETHEIZL L OWT, HAFNASS ~ 4BHO
HEH fast-grower (M. smegmatis °° BRUERE M. avium 2 &) &, EENEZbLOTHRIEBTL X
& LA B2 RIC b B X SEHHE slow-grower (M. tuberculosis 5\ M. intracellulare
BE) LIRS DA, RRICL > TEFREISEROL U SFEREICOW T E A% MA
%<, bEPIL, ZORIETH A XPEERCTRETPIA8XIF LV b >, $7BFHTETY
3.5X10° L b v &, HIEAHRE L) SRAKELBRETEH LTSS LARE SR TS0
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123



% b {EKER - Papachan E. KOLLATTUKUDY

A2THHY,

L CHMOENTWB X )12 M. tuberculosis 1 R. Koch 12 & - THO TERBESED, RS
7% Fh7r & ORED 2 SNZABECTH B2, o T E 52 5 - COREE L, 2
DEOWAMEDFERRLA VIF VB FTIF (INH) % EOLSEERORRIZE b7
BOOTENH D, LL, 4HTLABEMRTEFHADAL A OHEEICERE LTV D
bOLWEINTEY, FICHRERELEICB O CIIBE GO 72 7 BeZ A% 4 LT
BEVHRTWEY ) bAEIC BT RIS ¢ F - HEEO—H LK E SR,
7 BIRA%E BCG #& (M. bovis Bacillus Calmette-Guerin) $:3Ei87iA O MBS /-y v /s g
EELZBTURE T D FPHHEREIEm SN T B2, 2 OBUEIRREL0 2RI S 1T L <,
ZORMELZ DO THIROMN G SN2 E b H o720 LD T, ZOWIROE(LSER, Gl
FR LTI EZOMEREL X ENLDS D, M bovis BB R TH 2 = & RHELE O
WOEMTH B I L R EDTOICH BT EDHL SN TE LY, ZOMBO TN 5KT
THo72,

BN, COL) RIS DSV BOBFOOIIE, TR I— NTAEEF (T4 %
VAR, DNA) O 0=z 7 &, 70— 7 LR IET % L2 BT ORES 7 —i
MFAME TRILEE D, WDhOLBIETHARZ LA ZbOTHM LT Tu—F L E2 51T
Voo L LITBRE IS MOMIE & 1255 T, 2OMBERICSEORE: a6 570" VR
TR TIHINE & 80 L CRIZTHLAM Z IR LS 55 F4 1 XD DAN %+ 5 2 & 2K
HTHY, L7hH o> THROMABRIEM 2 70T THBEICERATAZ LI TELVE SNT
o DRUDNITBE %> 70t VfEE F CEET 2 & 2O MEASHIRREAMREESE ) V' F — 4
W LT E 2 D), 2 ORI & FkE X Dsd TR &0 T ICHIE 2 & DAN % 3H
LY)BZEEREMLA, 612, 29 LTHE/HiRER DAN 2B~ 2 ¥ —7 7 — 3 lambda gtll
WC& o TREGH DNA ICHIAMRZ 728 28, PIBEPUE Y » 82 Bha— FLTWA LTSN
LBIZTEMBT LI LN TE, ZOBEFHECOVTETOMNREZE-OTEINS DR
UTicsE+ 5,

2. EBRMBESLUOEE
TR Bk DR 3 & DNA O3t .

ITR Biochemical Research (K 7 i) X V25 X I7- M. tuberculosis BCG 361Kk % Davis
5OIHEN I 5 T PTO $5H, 5 & O Sauton HH TR U720 B0 B AN BTN
L7k, 52 LOMBRERELZD-v 701 ¥ 2 BAEE 1mg,/ml & %25 X 5 IR 70
L, 5127 HMEREHIT 72, B85, HO0MICE > TEBLABAEYmM 2 FL > U7
I Y IUEEEE (EDTA) /50mM b A—¥EMER & (pHS.0) 25 4 2 AEIEH I REB L, =
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MICRHIRE lmg,/ml L7222 X9 IWZIIH ) V' F— 2% MA37°C TOTMERRIE2BI %o
720 BUGHR, EWHISKRAGRE 1M L2 5 X918 MU AKEREZMA, ROTHED
7un$wA—7l/—wﬁﬁ(1:1,WW)%Mifﬁﬁfwﬁ%%#Lto&mmgu
TC05 M LA BERAT > CKE 2L 7268, ZHICEREDZ70a RV A— A4 YT INT IV a—
VIR (24 11, v./v) 2Nz TSR L7z, 3,000Xg 12 CI55 MG HE.L 08 24T - C
KBESEL, TNI25EEDEIF AT LI — V2N THDNA 2E 22, 29 LT
7ML DNA 20 485 b+ MU Y 2KBWICEE L, 1.5% (w/v) EF VI XFLT U EDY
L7aw A FIBIZ & 2 EHEHDIREERIT > 721k, 0.5.g D7 T WEH ¥ RNA 5 EREE (R
Nase A) 12X o TRET L FEBEKRE, BE/OuRLia—T 2/ —VAIE STFL7
VI =)Lk E B % - THE DNA 21872
DNA 54 75 ) — DR

F5% DNA %20. 1M #1tF b )7 4 /0.1, M EDTA, /20, M b ) Z—¥aBkik i (pH7.5) (2
WL, 257 — VO T %8l S8 TF5,00085 553 (5kb) DR SIZHIR L7, YIRFORE
FEZAKTRLT A0 — 27 VESIKENC L > TE=4 — L720 K\V2C DNA #1250 41 DEco RI X
F 7 —E#EEwH (1 «MEDTA/50,M MY AW, pH7.5) &5 41 DI0uMS-7F
JUN-L-AFA =y, BLOBARED EoRI A F 7 — ¥ %2 TDNA D Eco RIEIH % X F
fbL72#%, T,DNA K X F—I2X 5 TDNA K% 77 >~ MbL7z, 20 DNA BRICERDE
IFNT N I—= %R TDNA 2LBEIN L 726, Zhx10x MGk~ A7 4 /10, M
DTT,/50mM b ') 2—¥EEkitk@Ei (pH7.5) (&ML CTDNA VA —¥IZL B EoR ) v —
(8&fk) DFEMEBI o7z UEDOTEMBLADNA 757 A V2T F VY LT0Y
A FESELETHO—= 275 VI L > TEKIKEIICH A XIS EEL 1-10F adidn 7 5 7
X ¥ k% Bio-Rad ## DBio-Trap % & & VTR L72c TODNA 757 22 F%0.01 M
EDTA /10, M k) ZA—3EEE#RE K (pH7.5) (&M L 72k, EIEICHE-T7 7 — 2 lambda gtll
(Giga-Pack fHHIR¥E) (2 in vitro T/S v =TI L, KRWTKIGHE Y-1088kkET6E & L CHEIE L 72

12)

FGATIT) DA ) == T

FATF) DA ) == 7 TIE M. tuberculosis WARMHE IR E LTHERIZL DR L
FYLLE (7~ 217 L) % VT Young & Davis D F RS TB I o223,
bbb, 0.2% (w/v) ¥V F—XRNEH#H (LB) THEL CGHRXEO 7 7 - V25K % 5
L7 KB I Y-1090 BB 0.2ml 8 5 X10°pfu (F9—2 + 74 =3I 522y h) O
Tr—=THFERELL, RATIN%E37°C CIGoMEE L CHEMBEERIZ 7 y — VT %
Wk SE7/2t%, 25mOLBY 7 M7 A—LREMLTTL— MEIZGELA, L= Mi2IE, B
L2 UCDLBN— FT7H =2 ANTEILEETB W, 7L — b 242°CICTH AR L2 L
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AT T =7 DB RBDONT-DT, HoHPLDA VY TUELFAH 52 3 F (IPTG) T
BMSETBV 2 baEL O -2 74 VY —% T L— FERICER L, 7L — }%37°CIc8
LCEHIC3MMEEZ M7z, 74 0% — %00 i LT TES &%&K (0. IM¥E{tF + Y w o/
0.01mM EDTA/50mM h U A—IGEE#EMH K, pH 8.0) TP L7721, 5% (w/v) OEIMmiET
V73 ¥ (BSA) %5794 TES #%&Hif (B—TES) 1300 MELCTH Yy 2 2B %W, KT
7 4 V¥ — % TES B TL0ME 12 AW L 22 HUI0i% % 5 ¢ & BoTES 128 L CEiET 1 BHUE
—HRRIE B ebE 7z, RIEH7 14 vy —%, TES##i, BX0°0.05% (w/v) Tweens0
%5t TES B CIER L, & S ICHEHES — FIEE# 705 1 ~ A (NEN #, "®I_Protein A,
Feidith 25Ci/g) % 5 < & B-TES ICB L CTHE— AR AW OB B hole 740 5 —%
TES &M, 3 LU Tween80% 5 { & TES BE THEk, M S CEBHL Y MY 7 4
VA (289 o4k, RX-ZL—F) L4 IVF T T T4 =% B lrots,

3. BREEE

M. tuberculosis DNA Mlambda gt 11 ~DBAHZ & T 4 75 1) — ER OB % 2] 1 R L7z,
YU CHEETTREELTY VF— AEZMEE L7 M. tuberculosis & V) 538k, $g8 L 7
DNA D260m 8 L 0280, m (ZB1) HWHELIZL.83TH Y, ZOREEDSIEEIES 12 RNA O
FHIRVEDEHEEINADT (2), TNEEWIICEW L TESN 1 -10F ntadtt o
DNA WTH 12 Eco R1Y) ¥ 71 — % 34t L lambda gtll @ Eco RIH 4 MIHLARAL, F0O%K, T

.
-
/-\.
Bacterial Genomic DNA - ‘
Cells ) ,.\\
* (Sheared) | \
P —— o \ / .
Lambda Arms = o 1.0p \ X =
EE——— 1-10 Kb 3 N
\ / Fragments g L
2
(Ligate) < i

(Package) /

8 <) o
(%2 4 (?;l — Wavelength (nm)
Phage Plaques
Recombinant DNA Fig. 2 Absorption spectrum of the purified DNA
"Library" preparation scanned with a Beckman UV

Fig. 1 Strategy of construct a comprehensive /VIS computing scanner Model DU-8.

recombinant DNA expression library.
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B Tanvitro 789 =V %475 T 77— VHTE L, INAKBEICRESEITLTT) —
B L7, lambdagtll 1, ZOMFWICA = L— 5 (BERGEL) %5 bABEO S
HT5 b2 —CHBIET (lac 2) #HTHDT, WERETHE OREBET B BET &
LTHAAIND ERIGRD Y 37 BEBEEE L L DIKBIETIOD Y 0 BAKRD B
bbb, $hbb 77— VRTPICHAEL SN RETFNI - KT+ 54 SN TEIEB -
HT77 b —LBEDMEY VX7 EE LTRBRMBHATER S NEDT, ZOBEEN I
BELTHAMI DU ELBH AL ) == VY $ B ENTEL, COFEIZL->Thbh
usxm%m®~m77—9ﬁ%%%,é%mk%ﬁ%m%%%%ithlmﬁhw%m
WCETHIEL 72, SHOBIEZ K7 7 - VK TIZOWT5—2/0F—4—2run—3—4 > FA4
N—B-TT77 bYF (X—gal) 2FEEETHR-HT 2 N ¥ —BIHIEIC L BHAMRZ ROHIE
TBIho72E A, ZDHKIE6%DS M. tuberculosis DNA ZHLAGAATHL Z DS E 4 5
726 KR\T, M. tuberculosis ML A HUS & L CERL L3l 2 70— 7% L, Zhodlah
ARDAY ) =22 THIT 512 A AED T T = 7S T FADBD SN FO—H %
MR Lz BB IZB T IS NS 7 F L EMEs s 7 F Vv E 2R LT
D, SRERENEFIR SNDENE S 7 F VO ERETREEZRTIDOTH D, 7 F LD
XA ENY XV BEORE S (Thbb,
HMAMRZ ONTBIETORES, HHViTE
B - BROMK), 205 80 B0 L OHE
REFEDE LR LWL oTHEEB D EEZ LN
bho TNGDREFIE, 45D M. tuberculosis
DNA 7% lambda gtl1D R # 5 7 b 3 ¥ — ¥ Ei%
FFRICIES 2 CHARZ Sh, 74
AR LN DNA S KIBHE & » /87 B o R
B L BEAR D 25 RE 2R RS 2 A LT
528, LW oTEDOREE, Fu—-7Ths

e o S AL ) - N . < 0 Ay
Fig. 3 Arrays of antigens from mycobacterial UL & SIS RS AR & » o8y ¢4
DNA clones probed with rabbit hyper- BEBRENZLEE2RTIHIDTH A o
immune serum. The arrow (A) and (B) -
p FTRB N— =% 3
were typical examples of a strong sig- K‘/"C_.j(ib LU=k 21) YTEB
nal and a weak one, respectively. TolT, Tho4fEODT77—C% FNFNH—

BT 52X 2 kA, BRIIC 1 R
T 7= VRTEREZ, CO7 7 — VT % KIGH Y-1088Kk TR L7214, EHEICH-TT7 7 —
UDNA Al L', CHEHIREEE Sec 1, oV kpm 11, 723 WEORAREER YN
U720 Z YW S8 — 2 2 AEEL 7 #70 — 27 VBRI & > THRET L7226 % [0 4 1R L7,
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sac |

e

1 2 34567

Agarose gel electrophoresis of DNA

from gtll: M. tuberculosis recombinant
molecules before (lanes 2, 4, and 6)
and after (lanes 3, 5, and 7 ) diges-
tion with restriction enzymes indi-
cated. Bacteriophage lambba DNA
digested with Sty I was used as size
marker (lane 1). The sizes of frag-
ments were given, in Kb, to the left of

the gel.

xR L LT lambda DNA (4:48.6% o 3Ext)
DOHIBREES Sty 1AL % L7z, K4 1R
SNBETEL, 7y —VRTIIH 2 FoiEt
D M. tuberculosis DNA % AR A T2, &
DIERT 7= D%k & LRy B R RIBER
B (lon™) THAHKBHH Y-10898k (2K X4,
STCTIMMBERELCTY VNV EEH % Hk
L7 RWTHEIRE%42°CI2Y 7 LT,
Ty =2 AT NVEBEYA 7 L LERY
ATNANERLT 7 - VBHEDOFEICL 5T
KGR EZBER S, AR DNAICO— F&
NTWB Y ¥ 87 E % 5 ORI %13
2o COMWMBHWEEEIESTRYTZ2YLT
NS NVERRB LR, vy T
Oy 74 v 7EICE o THAKZ 2 DNA B3k
DY Ny EERBHLEY, 20OE, HTE

%WKE%T%%@&EC%E%&EWT%&yﬂ?ENVFﬁ%b%ﬂ,Cﬂ#%ﬁ&%i
DNAIZIZ = FENTWEY XV EDORTEPHE SN, FOBEZHSIZRLE 22T
T BOFHGTEZIS0E TS L,

Fig.

SDS-polyacrylamide gel electrophoresis
and Westernblotting analysis of hyb-
rid protein accumulated. Lysate were
loaded on polyacrylamide, subjected to
electrophoresis, and blotted on a nit-
rocellulose filter. The filter was incu-
bated with anti-serum followed by in-
cubation withlzsl'protein-A, and pro-
cessed for autoradiography.

2F U DODNAIZTI—RENBE Y VXV BEDHT

BIWI0°THY, 7 bl Tk { lambda
gtllZ N7 ¥ — & LTRBEMBANTER S
Y VISIBEB-HT I P F—¥ (TR
#1.8X10°) L OBME Y S EHTHHDT

BHEND Y 20 EOBTFEIZI NS ORET
EEZONE, L LEYS, wTAF Y -7
Oy T4y 72BN TY N0 ENY FESHT
B0 ONS T LE, HAaE SR
2 F O 3T D M. tuberculosis DNA © S L D
HEPHEERIS ORKGHEMBRAN TEE -
BIRENZICTELRVWI EEZTRTLDOTHY,

DT EDNSL, MARMZ SN M. tuberculosis
DNA 81213 M. tuberculosis 12 & - Tix7 I /
Bera— N4 AR TH 225, KBRIC
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LoTA =2 —%— (BstER) &
BWNEY — I 4 - — (HHEHEE) &

E T, 1Ty L]
¥ LA A LTS W BRBIOGIET B 2 &8
N

HESNZ, Thbb, M6ITRLE
TE L, MAHLZ DNA SHIZB VT,
9, B-HI9 7 V¥ —VYHEETFT

Fig. 6 Molecular map of galactosidase: M. tuberculosis

recombinant region. Il , B —galactosidase UE—F —{KFE LS VX0 BERK
structural gene; — | M. tuberculosis DNA in- ﬁfﬁﬁﬁéé 7(1, i M tuberculosis EB
serted; Ty, T2, base sequences recognized as the

- termination codon by E. coli; 1, base sequences * DNA ﬁﬁ_tb:ﬁﬁ'ﬁ‘é & ?ﬁ’;ﬁ Ins
recognized as the initiation codon by E. coli; E, “j(ﬂ%% Iz & T o);fgﬁz i Zj'J TI” Iz
Eco RI cleaving site. The orientation of trans-
cription was indicated by 5’ and 3’ ends. SoTHRTT A, YIRS Y - Ty

, TA YT ESTIDY VI Bhk
HEREZWZERS, TRE-HT27 bV —CRIEEFOTRIMEL, Lib I OBERETF
DELDOTEFIFEL TVRD I EARBE N2, 20%, BEEBRLAS0E DY 82
BEANELE ), T T, CHIET 2L E20N0, 1 BLUT,08-752 b ¥— v
EFTRICBITDEMIEEK 6 (RENSBYTHY, FTLHEOYLRAY Y - TU o542 7
DIERDS NS 2D OBETHIREOBMIE, HTRI100Y 280 Bd a— K4 25N
ThobI LHHESND,

BAEMFIC BT 2% 5 o8 SEBEEERS &2\ i SRR DA ORED
BSIC & > C, HBEATY » S0 BAROMEE Bl 5TV 5D S & R EET THMIC X b T
BRI, S512, ZOEHOEERTI QMR IE, FEE Y © s BRUROEILER, 6
BEALSIRIZE L HUR DAY T MR A B WA RS 2 b DL £ 2 N5,
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