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The genus Mycobacterium includes crucial animal and human pathogens such as Mycobacterium tuber-
culosis, Mycobacterium leprae. and Mycobacterium bovis. Although it is important to understand the ge-
netic basis for their virulence and persistence in host, genetic analysis in mycobacteria was hampered
by a lack of sufficient genetic tools. Therefore, many functional vectors as molecular genetic tools have
been designed for understanding mycobacterial biology, and the application of these tools to mycobac-
teria has accelerated the study of mechanisms involved in virulence and gene expression. To over-
come the pre-existing problems in genetic manipulation of mycobacteria, this paper reports new vec-
tor systems as effective genetic tools in AMycobacterium smegmatis. Three vectors were developed;
pKOTs is a suicide vector for mutagenesis containing a temperature-sensitive replication origin (TSRO)
and the sacB gene encoding levansucrase as a counterselectable marker. pMV306lacZ is an integrative
lacZ transcriptional fusion vector that can be inserted into chromosomal DNA by site-specific
recombination. pTnMod-OKmTs is a minitransposon vector harboring the TSRO that can be used in
random mutagenesis. It was demonstrated in this study that these vectors effectively worked in M.
smegmatis. The vector systems reported here are expected to successfully applicable to future research

of mycobacterial molecular genetics.
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278 58 59 o] A A ZAZE oF71H A whet
A mycobacteriax 2 Alit Tl AE&EH e dRHA AE7Y
Boe o|g SAd 9A uetdE A¥U|yy gdo] Qs
o} Alre] Aestd EAE B3 =dl 9lo] mutagenesise 7F
§ 8 A48 7oz &8-Hrt Mycobacteriad| A& G4
Aeeta ST AN 713 AFstet ol BBl
mutagenesis *§H ol &7 AT F2] knockouto] Y 1A
+ suicide vectorg AF&-3h= WH[14, 31], mycobacter-
iophageol €J3l w7l == #H[3], incompatible plasmidE ©]
ot WH[27] ToE FEn. A2, o9 A7 ho-
mologous recombination 7|%¥Fe] A2 W& T3 M tu-
berculasist Mycobacterium bovis BCGS] 1015 A\ 2ek AL
#7} B ATH]1, 2]. Mycobacteria®] o] A2 F
A= 53], w2 homologous recombination &7} &AH
&5 FHbe Aol 7M T AHOE dFEALH[9,
21], ol & FE317] A o] Y3t
tive replication origin (TSRO)Z Baa]]us subh]zs«] sacB 7
A5 74 vectorg ©]&3te] EdRolE FEetE Wl Al
AlHATH29. o] AAE F A= O]TOV]“H], &5 X9
W} vectord] EA|HBE ZHE 0 24 DNAY Ald H 29
Es F7HAA R agto] dojd dES T

mycobacteria®l| 4] sucrose EA] A 54& YEPHE sacB 3 4

O & temperature- sensi-



AL AHES counterselectable markerZ AF8-3t¢] double-
crossover] 272 FAE AW g7 I FRITS
A AEsk=S sk3T10, 30]. wetM & AellAe 71E9
suicide vectorZ €# % pKO vector [34]] TSROE A Ao
2N &= 279 W} vectord] A7} 24 0] 7h5¢ pKOTs
£ TS

Mycobacteriophage L5+ mycobacteria®l 73k lyso-
genic phage® Mycobacterium smegmatis®] chromosomal
DNAS$| attB (bacterial attachment site)l single-copy = 4+ Y
HTH20, 35]. L57} 7}l integrase attP (phage attachment
site)?} attB Akol 9] site-specific recombinations ZvislH, 1
A3 Z 4 phage DNAS Aol dojutAl ®h o] d 49
#74L integrase$t artP site ©]9]¢] T phage 3450l
EAEA Botw FE3] FrETE 20 ofw] LA glow
[20], 57} 7}A1& host-factor?] mIHF (mycobacterial THF)
o s ZFETH19, 20, 28]. Mycobacteriophage DNAE
Escherichia coli cosmid & 4+ % 3+ recombinant shuttle vector
o] A% E cdP| X< plasmid 24 5] % 2| ¥+ mycobacteria
4= phageZ4] 7] 3] chromosomal DNAZ AH¢ ¥l
thal BarE o] Qlth16, 35]. o2 et Y& 159 attl site9}
integrase fAAE 283 vectorES M. smegmatisSt M.
tuberculosis 52 chromosomal DNAZ 4F} ® t}. Promoter”}
EA8EA &= reporter frAAHS S transcriptional fusions
Sate] At s A Tl 24 Aol o] &0l $al, a
gip lacZ, FFlux, phoA, xylE 52 mycobacteria®l A 2}-8-gtth
il &3l reporter frAAE O TH32]. & AFoA = o]t
reporter A4} 5 /lacZ F- S 159 integrase®} attP siteE
7He A9 vector?]l pMV306°l cloningdte] pMV306lacZ
vectorg T3 ol & o] &3 TAletLAl e frAAE
lacZ 7218} transcriptional fusionA|# ©]& chromosomal
DNAZ A4A71E #4E5 Saf A a2 2d 249 =
AP} o] Fold £ =S ST

Transposon< mycobacterias E &3], A<} f 84
4 AT FHo R o] &H L ks, 10, 24, 29]. AA7HA
ohekg Al tigk A7 F&A1Z 4 = transposon©]
Bol] 44 Slok 22y -2 transposone 2 &) 7]
7b wig- A1, o] 5e] 7HA A e FAA WA FiAe 54
dolle A&HA e 4+ o, B transposon©] &7
9] chromosomal DNA 2.2 124 transpositiong 3}4]
%3 54 DNA MEZ9 transpositiondl= 52 4% &&
el TAE EAgTH6]. ol g A S5 5t
TFeF3E minitransposon©] 7] % o] $ETHS]. Transposon©] &,
2229 9XE T2 DNA 2 &2 4 & DNA A8 ¢
AL oJvlaiy, FZ Eo dutE X (inverted repeat) 7}
A3 §l31, YA O 2 transposon AHA 7} transpositions: &
o k= B9 trasposases 92 3}8kal Tt Transposase”}
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transposon B Ff3tal 9= F | ks HE Apolo]
EAA BEF DNA ME Aold AxH € A& mini-
transposon©| 2t gth5]. o] HIEEZ <3  mini-
transposon®] <3¢] chromosomal DNAZ transposition
o transposase”} $H7] o] F8tA] 7 HEE thE DNA 99
5 29] 27 transposition®] Yol 752 wiA o). o}
A transposase’} §l& transposon©] UHHOZ  trans-
position® e E FASHA Fot B o] FA in vitred) A
4 @ minitransposon- transposon WH-of] &AA WA
AR 53 22 selectable marker® AT Wake] oA o2
T markerZ WAY F AUtk AFE GG, 6] £
Aol A ALE-E minitransposon BTN A 75 S st
EAAZHE 7HK . Chromosomal DNAZ transposition©]
Y oJ it chromosomal DNAES £33}, At e LS A3t
selfligationS A|A ©1E E i@ TS5, A2 Yol A plas-
midFej 2 BAE 5 =S 745 rt o] A2 trans-
poson°] AYE FHAE W=3H7] A WE coning A=
7bsstA SRR o SHdN g 28] Thsstu7].
Tn59l 71%2& 7o 7549

Aol A & FH4 £48 91¢ self-cloning mini-
transposon vector®] tH6]. pTnMod-OKm- Tn59 A -2 ¢
Wi guks Adat 9 QukE MF, pUCL vectorol A
# g+ pUC ori (pMB1 narrow-host-range EA A 24), 18] 1
kanamycin W4 %22l kanamycin 3'-phosphotransferase

%% pTnMod-OKm-2 Gram-negative
o]
o

(aminoglucoside phosphotransferase)E ¢=.8}stil =
AAZ o] Fo]x gtk 123 transposon HFZEZo|, Gram-
negative A1l A2 DNA transferdl| ©]-8-5= RP4 transfer
A&7 2} Tnb transposases ¢2.8ksta A= frHAE £
3}l QIt}(Fig. 5). Tnb transposase™ %59 £2 DNA X &
o tjg e 5o]ids 7Hth E3 o] vectore cloning®l
ol&d F Sl& HluA =EA EAdhe AFdarAEE 7HA
I e GCEEe] =AY ¥ DNA M4E 743 B ¢l
PE S5 AHFo|ER %5 genomed] GCF
AdH FAE LA ot Hohes A
73 Jh6]. pTnMod-OKm©] Gram-negative Al <1
75 H8) 3¢ vectorolu, A 7led 5SS ©] vec-
tor A A E Gram-positivedt 4 4-& 7IA L JOHME =&
genome®] GC &S Hole Mycolactaium 459 28412
T e 7Fs4S AAskL 7] wEell o] E mycobacteria®l
A8 A Z-& minitransposon vector 7} ko] 7juko. 2 o] &
atlet. o 7)ol B2 A8 F80] A & mycobacteria®]
A9l random mutagenesis® ‘&S Fo]alA TSRO%I
pAL500TsE cloningdl® pTnMod-OKmTsE 53t
718 vectorE9] AH-S mycobacteria®l| A 2] &2 AW
of +&% FHA AT Vs ANT AR Jtfdr)
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AN
B Ao A AHEE F 59} plasmidol] o FHEE Table
19] Z73 AT E cof dFEL 37CoA Luria-Bertani
(LB) WiA1 & o] &3t wjFatgla, o] g Afde
AR ampicilling 100 pg/ml, kanamycing 50 pg/ml,
183 hygromycing 200 pg/mle] =2 A2 sqch M
smegmatis TFE9] ZAFol= 7H9 HA|¥] A (Difco, MD,
USA)ell 0.2% (w/v) glucose®t 0.02% (v/v) Tween 80, 1L
A Al 0.2% (w/v) glucosed A7138kaL, o] & o] &3] 37
Tl A vjgstH o™, TSROZF A5 vectorES ©]-&3=
ARFHA glo] Bt 2L ST AP ot
At A A 7lsstdnh Aol Bad Fgolle ka-
namycing 30 ug/ml, hygromycins 50 ug/mle] == A
glsto] WSt At E coi 579 FRASN AL M smeg-
matis 79 FARNGAA L 247t 7 #HEo] 7|EH o A
= MAs FarstAv25, 33].

=

0

pKOTsE 0|Zst S¢IB10| M= 3! M

Qo] AZE 98] M smegmatis chromosomal DNAS
T2 2 MSMEG_2660_F (5-AACGGGATCCGACCAGAC
CTGGTCGGCG-3)9} MSEMG_2660_del_ R (5-TCCTCGGT

GTCGCGGGCGGCTATGCGTGCATCGTCGTGCA-3')&

Table 1. The bacterial strains and plasmids used in this study

primer2 AH&-3t] MSMEG 2660°) start codong F4 0.2
445 bp2] DNA @&, MSMEG_2660_R (5'-AACGAAGCTT
CCAAGCCCACGCTGACGA-3)# MSEMG_2660_del_F (5'-
TGCACGACGATGCACGCATAGCCGCCCGCGACACCG
AGGA-3)E primerZ A3t MSMEG 26609 stop codon
S FAHOE 435 bpe] DNA TS Atk 20 bp7t AAES
MSMEG 2660_del_F9} MSMEG 2660_del R primerE 11t
7] w0 F @& 40 bp7t AAA Ak F dHS
o Z MSMEG_2660_F&} MSMEG_2660_R< primerZ A}
£-3}o] 270 bp7t A4 (deletion)® MSMEG 26605 21t o]
g2A AHE MSMEG 2660& E33l+ 840 bpe DNAES
Hind12 43, Hindl1¢} EcARVE A2 pKOTs suicide
vector®] Clom'ngff}%‘ﬂr(pKOTsAMSZ%O). M. smegmatiss
pKOTsAMS26602. 2 A A8 A1 ¥ hygromycing 50 ng/
mlZ 7= 7H9 ﬂJ]HHZ] of T3l 30Tl A 497 vl &k
aFAth A3 colonyE THA] AHE =Y (streaking) S & A
¥ colonyE hygromycin®] 50 ng/ml®] == 3% 7H9
QA Ao HF3ke] 30Tl M 297 &4 3] o F o=, vl
FAE 108 FAste] 30 wE FAYA7E S0l 7THI LA v
Aol mZeto] 42Tl 33w FatAtt. 43 colonyS
A AHE =S & P4 € colonyE BAI7E i 7THI A
HHZ] 20 mlell HEE vy 27T A v gataltt. 4252k vk
% w10 WlE 10% (w/v) sucrose’} H7FE 7H9 LA 8

Z] ] T=ske] 37Tl A 3L v st At A4S colonyS
ThA] AHEEEs & 49 colony Y55 FAATE E0le

Strain or plasmid Genotype or description References/Sources
Strains
M. smegmatis
mc’155 High-transformation-efficiency mutant of M. smegmatis ATCC 607 [36]
AMSMEG 2660  MSMEG 2660 deletion mutant derived from M. smegmatis mc’155 This study
E coli
DHb5a (980d /acZAM15)AlacU169 recAl endAl hsdR17 supE44thil gyrA96 relAl [17]
Plasmids
pKO Hyg'; sacB, suicide vector [34]
pDE Cm’; pUC ori, pAL500Ts; temperature-sensitive mycobacterial replication origin Unpublished
pKOTs Hyg'; pKO-based vector constructed by inserting HindII-Kprl fragment containing  This study
pAL500Ts and pUC ori derived from pDE
pKOTsAMS2660 pKOTs::0.83-kb  Bantll-Hindll fragment containing AMSMEG 2660 This study
pNC Hyg'; Promoterless /acZ [23]
PMV306 Km'; Integrative vector containing int and atfP site of mycobacteriophage L5 for [4, 18, 37]
integration into the mycobacterial genome
pMV306lacZ Km'; pMV306::3.17-kb NoA-Xbd fragment containing promoterless /acZ derived This study
from pNC
pADLACZ pNC::0.51-kb X&al-C7d fragment containing the ald promoter region Unpublished
pMV306lacZald pMV306lacZ::0.51-kb EcdRI-Hindll fragment containing the a/d promoter region This study
pInMod-OKm Km’; minitransposon vector based on Tn5; pUC ori; RP4 transfer origin; Tn5 [6]

transposase
pInMod-OKmTs

pTnMod-OKm-based vector constructed by replacing RP4 origin with pAL500Ts

This study




7H9 1A A o} AR 7F S0 QR ke 7H9 1A u] A of

A7 grewstel AN HFSAt. PN SoA9A
ke AN 4t FYAT SldE WANNE 43
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A %'} colonyE o] FRFOo 2 AA3le], B
FRIE 72 20 ml 7HI HA ) Aol A 3L 7F vl kgt o
FZ35}o] MSMEG_2660_F9} MSMEG_
dto] PCRE EAH ]S Felstgih

chromosomal DNAE
2660_R<] primers o] &

B-galactosidase &4 =X
B-galactosidase 42 Miller (1972)]] 93] Rig WH&
EQZ F3HAh22].

pTnMod-OKmTsE 0188t M smegmatsdMe]  mini-
transposon®| 2|5t random mutagenesis
T%¥ pInMod-OKmTsE ©]-83t M. smegnatis 5
FAAHE A7l ¥, pTnMod-OKmTs vector?] A& ¢ ¢
ug/ml F=9 kanamycin®] Z%H 7H9 LA Hj Ao =E3
o colony7} 4E W7HA] 5~64 A& 30T A w3t det.
AAE colonyE 30ColAM HEETS T3 @Y ZE(clone)
S 4L T2, o= 100 ml SEF2=Zol| FH]H 20 ml 7H9 A
] A o] kanamycing #7}3le] o]oll A F3kaL 30Tl A v ok
894tk ODangkol 059 ®f, mjFol & 107 0.2 A &8}ed 107
A 10°4 =] 34 wj7A %8 Ho g 845, of
= 100 W& 7H9 A Auj ?(] o kanamycin®] %7} A8 A]
200l 247t =Eetglnh 22 sampleo] =T E Qe F 719
A A F sk 42Tl A, YH A shvkes 30Tl A ok
StGit. olwf 30T oA v d= o] AAH colonyJ = A
i F el 2Rt A2 /‘ﬂ £ 9JulatH, 42T )
FzxellA AEE colonyE-2 ©] &2 2 E minitransposonl]
9] 3 transpositiono] dojd & 2 2 7HFsky T

&S

2 o 1

pKOTs 7=

URHA 0 2 suicide vectord] 2|3 mutagenesis<]
T2 WS 71RO Z 31, single-crossovers %
FHAAZY selectable markers} YH7} EdWo](A A
e 54 fAA /\10‘1,] 2], 1831 negative selections
dASA 289 F /A BFoR
o] F 0] Z1t}[26]. Mycobacteria W <] homologous recombina-
tion& 10° o] ate] & FE= Jojupy] fEA21], F34
WEo] Yot EAdWolE A7) YM e ME2L FHTH
WHolu  mycobacteria® W2 FFHTE(DNA pgd
10°~10°¢] FAASA S FEsH= o] asir9]. a4

ol o,

z

J\qv I oz
to rlo & rlo

finad

23} double-crossover & %

2
o2 EdRolE &7 93t suicide Vector«] 270 (1) 44
gol| o] 42 vector7} AT WE £ =953, B4
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Fo g

ol

20 A UoA F& Z5 0 24 chromo-
> 0

S
somal DNA A 9E & A= FEo] ook 811, (i) coun-
terselection Z719A] vectorS X33} = F&20°] 94A A

A" 4 Slojof gt} pKO vector selectable markerZA]
kanamycin#} hygromycindl AZ4S 7t A= 44 2 le-
vansucrase (2,6-B-D-fructan 6-B-D-fructosyltransferase; EC
2411008 ¢3.38}8te sacB FAAE 7AW mycobacteria®)
BAA o] EAeA] ¢47] W&o mycobacteria®l Al sui-
cide vectorZ A2 4= A TH34], ATt HZ vectord] =Y
F&o] Wl gE2 22 homologous recombination®] ¢
3t single-crossovers A=l oj#fg0] St} o] H-& S5}
At B AFer= pKO vectors: FHOZ pKOF
(5-ATATAAGCTTCGGTCCTCCGATCGTTG-3)9 pKO_R
(5-CCCCGGTACCATGCAACAGAAACTATAA-3)E  pri-
mer= AR8-3te] hygromycindl A&4E& 7HA= frdAet
sacB S+ AAES T3HE 3,944-bp DNA BHS 2L & kol
3} Hindll2 49313, pDE vectors 5 Y3 AFELZE A2
3kl B cdid BAAZAER] pUC oris} pALS00TsE E83t=
3,918-bp DNA ©H-E& Ao temperature-sensitive suicide
vector?] pKOTs vector (7,852 bp)E T3+ ThHFig. 1).
pAL500Ts= 32T & 1 o]ato e AE Wol A ek
FAHAT 39T o)l 5 ?ﬂ] g4s $A o9 whet
A mycobacteria® pKOTsZ FZH3 A17] £ 32°C o] 3} A
o] & o= pKOTs= _,?ﬂ] 7} 7V 8 vectorZ2A 75 S
SHAIRE, 39T o)X= BAIE A Rt
ol A suicide vectorZ 2H-&-3tct. o2 gt 3
o3koll M vector7} =H ¥ @A 8A

teria N2 9] W& DNA =9 }_i%%
dold = e FE5 7
dh= Hj Aol A 39T o] o g ¥4 JL% TFE Fe 7

% suicide vector7} chromosome®] A Y€ s ingle-crossover

mycobacteria
o]&3te] 32T

m\g
&
N &O

FAARANZ A& § 9o, pKOTsol & sacB F+AA7}F &
Ask7] W&ol 10% (w /V) sucroseS ¥} }‘—C— HX]OHH sacB
FAAE 7HA A Qe 7FE AES F o2 Z[30] dou-
ble-crossover’} & ol 5043401 THIS PGA 9& F U

AGELE

g3 o] Aot pKOTso A o] Al2-S 9%
Hindll, EeRV, No, Kprl, NS |4 % St

pKOTsE
S¢io| A%t

pKOTs vector7} & A 0] Aol Alg-o] 7}53HA] Lol
71 HAate] A Xﬁ} R Fo] AAE MSMEG 2660% cloning
st EdRo] #F8& vectorg 753 tHpKOTsAMS2660).
Zdwo] Az *oc Ao A 3 el HEstdlt Vector
o] BAE gk @5 w2 30Cell A, single-crossover &2
AEAE 53] e 20 TN FPHUAT

0|28t M smegmats MSMEG 2660 ZA
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Fig. 1. Schematic diagram for the construction of the pKOTs
vector. The relevant restriction sites and genetic ele-
ments are shown. pKOTs was constructed by joining
two Kprd-Hindll fragments. The one containing the pUC
ori and pAL500Ts was generated by restriction of pDE
with Kprl and Hindll and the other carrying the hy-
gromycin resistant gene and the sacB gene as the select-
able markers was obtained by PCR using pKO as the
template. The restriction enzymes with a single re-
striction site are present for EcoRV, Hindll, Nofl, Nrdl,
and Kprl. Abbreviations: pUC ori, replication origin
from pUCI9 (pMB1); Km', kanamycin resistance cas-
sette; Cm’, chloramphenicol resistance cassette;
PAL500Ts, TSRO for mycobacteria; sacB, the gene encod-
ing levansucrase of B. subtilis.

Hygromycino] EA|5tA] &= w2l A 443417t hygrom-
yeino] EA 3 vl A A& AF43A K3k colonyE &
ol FHFOE AdAste, Sddo] FEIE 247 20 ml
7H9 HA A o A 39 7F v e th5 chromosomal DNAE
FZ3F9) MSMEG_2660_F¢} MSMEG_2660_R2] primerE ©|
&3to] PCRE AWl Felatsith. Wild type] 7ol
1,110 bpe) =712 7}A= DNA bandZ I 4 A,
MSMEG 2660 & Q¥ 0l MSMEG 2660 W< 270 bp7}t 24
¥ 840 bpe] DNA bandE <18 4= % ThFig. 2). o] AFZ
= pKOTs7} mycobacteria®] 3 2+& knockout Al 7]t
BEH O AE3te vectords HAFUT

pMV306lacZ 7=
lacZ - AR} B-galactosidase (EC. 3.21.23)5 ¢+5.3}3lH,

(kb)

n

1.11kb
0.84 kb

o o oocooco
- N WaE OO

Fig. 2. Confirmation of a MSMEG_2660 deletion mutant by PCR.
The PCR reaction was carried out with the primers
MSMEG_2660_F and MSMEG_2660_R using the chromo-
somal DNAs from the wild type (lane 1), the single-cross-
over transformant (lane 2), and the MSMEG_2660 mutant
(lane 3). Lane M indicates the DNA size marker.

FAR S-S 2ASE] 9 reporter FHARA FE ARG
H k. Mycobacteria®l = /acZ frAA7F EAI8HA] 7] wj ol
promoter7t I facZ A7 SHRell 2AMtALA} st A
A€l promoterE cloningd}t4 transcriptional fusions T35 ¢
Th, B-galactosidase®] &4 G4 S SHTOZH {719
B A= E & 4 Ak Mycobacteriophage L5= M. tuber-
culosis, M. smegmatist BCG o5l 7+93+ chromoso-
mal DNAZ 49150} lysogenic Bl 2 EA]51A =4, ¢]
+ mycobacteria®] chromosomal DNAUY| ¢] tRANSY 622}
235 ZA EASe aB site®t mycobacteriophage L59]
attP site7}F2] site-specific recombination?] Z3}o]th[12, 20].
Mycobacteria®] 4%} vector$l pMV306-& mycobacterophage
L59] attPsite$} integraseE $E3}sh= AR infs 7HA
9 selectable marker2 7n903 9] kanamycin A& 3
A2 F3ska lth4, 18, 37). ©]# 3 HES 7RO pNC
vectorg FH 22 pMV306lacZ_F (5'-AATTGCGGCCGCAA
AAAACCCCTCAAGACC-3)9} pMV306lacZ R (5-CCGGT
CTAGACAGGAGGATTCACCATGG-3')& primerZ A3}
o promoter’} EAFA Lv laZ FHAE 2=
3,193-bp DNA @& PCRS 53 92 o, PCR AHE&
Nod#} X o2 A2 & TYg Adais A pMV306
ol cloning 3} pMV306lacZ vector (7,149 bp)E T3} th
(Fig. 3). pMV306lacZE pMV3068] S4< 102 HEd T
A7) wEoll, £ colil X BA7F 7bsdte] 22l 4, atB
siteZ site-specific recombination®] ¥ {1} mycobacteria®]
chromosomal DNA®] 4+91 = o] single copy® EA|3IE2, -
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Fig. 3. Schematic diagram for the construction of the
PMV306lacZ vector. The pMV306lacZ vector was gen-
erated as follows. pMV306 was restricted by X&d and
Nofl and ligated to the promoterless /acZ fragment am-
plified by PCR from pNC. The single-cut restriction sites
in the multiple cloning site of pMV306lacZ are boxed
and shaded in grey. Abbreviations: /acZ the gene encod-
ing B-galactosidase; T1, the terminator for transcription;
attF, mycobacteriophage L5 attachment site; in¢, the gene
encoding integrase of mycobacteriophage L5; pUC ori,
replication origin from pUC19.

galactosidase &S ZA 3} A B-galactosidase?] antibody
£ o] &3} Western blotS F3 54 74 #d 24&
A skt golsttt. T3 Kanamycin A& FAAE 714
7] Wl & dAA A3 FHAE 7HA = myco-
bacteria®] vectors} T8/Jo] EoH, pMV306 2 2] multi-

cloning site (MCS)& 7FAE& cloning®] ¢ &3] 3t

pMV306lacZE 0|t M smegmats?| ald X 2
8 ol

Mycobacteria®] alanine dehydrogenase (EC 14.1.1)E ¢
F3lete ald AR Adke 278 ol e} alanine (Ala)
o osiH: wdo] FEETYS, 15]. wetA pMV306lacZ7}
mycobacteriat] ol /| &3 H 02 AFs=A Yolry] et
EH02, pALDLACZ vector® F¥OZ F_ald_int (5-
ATTAAAGCTTGCCGCGCGCGTTGGATTG-3')9} R _ald_int
(5-CAAAGAATTCACCTCGTGACCTCTGCGG-3)E primer
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Fig. 4. Promoter activities of the ald gene in M. smegmatis grown
in the presence or absence of alanine. The wild-type
strain of M. smegmatis containing the ald:/acZ transcrip-
tional fusion (pMV306lacZald) in its chromosome was
grown aerobically in 7H9 medium to an ODgy of 0.5~0.6.
Following the addition of 25 mM L-alanine to the cul-
tures, the strain was further grown for 1 hr (+Ala). For
the control, the A smegnmtis strain was grown under the
same growth conditions without the addition of L-ala-
nine (-Ala). The ald promoter activities were measured
by determining the [-galactosidase activities. Each value
is the mean * the standard deviation of data from two
independent determinations.

2 Ab&3te] alanine dehydrogenases $@3lstil U=
MSMEG._2659 (ald) -7 2+9] start codon & 398 bpe} H 97
bpE E3ste, ald] promoter’t EAT Aol o dH=
513 bp DNA S-S 2 & pMV306lacZ S BRI Hindll
2 Al 593 Agtas e 2gd PR RS aZ 34
o 2 WO R cloning 3t (pMV360lacZald). T3¢
pMV306lacZaldE ©]-&3t M. smegnatis wild types B2
3 A|A ). Kanamycin 30 pg/mle] 7FE 7H9 & uj 2] o A
ODgw 05~0.67FA] B g &, 25 mM L-alanines 3718 th5
F7HH o2 1A B i sta] B-galactosidase B/ =4
sttt @23, wjA| ol alanines 3 7FgE 7oA alanine
o] ZA3tA ek 27l Bl ald F-AA HEe) &) B-gal-
actosidase®] /0] 29u A= F7h 21 &8k Ath(Fig.
4). =8 X-Gal& E35te 7H9 IA v 2| A= alanine©] &
Aste ¢ B-galactosidase®] &/l 93l colonyd] FE4
Ae7b A A #2d 5 A0t oldd 2AES 59
pMV306lacZ= F4 34 chromosomal DNAWZ 4430 &
of A, FAA4 TE A7l 78 A vector=2A 2
o

3t Ae ¢ 7 AN

o

pTnMod-OKmTs ++=
pTnMod-OKm vectorE 53 © Z3}4 minitransposon¥}
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Fig. 5. Construction of pTnMod-OKmTs for random muta-
genesis of mycobacteria. pTnMod-OKmTs was con-
structed by replacing the RP4 origin of pTnMod-OKm
with the DNA fragment containing pAL500Ts TSRO
from pDE. Abbreviations: Km', kanamycin resistance
cassette; RP4 origin, the transfer origin; Cm', chlor-
amphenicol resistance cassette; pAL500Ts, TSRO for
mycobacteria; pUC ori, replication origin from pUC19;
IR, inverted repeat from Tnb.

transposase, 12| 1L E, coli EAAZFH F9E& LT3t vec-
tor F-4-91 3775 bps & Lol Spi, BamH A A2 5
ZEE F primer (pTnMod_OKm_F, 5-GAAAGCATGCAC
CATTCCTTGC-3' % pTnMod_OKm_R, 5-ATATGGATCCC
ATCACCAATTTCCTTTG-3)E ©]4-3}¢4] inverse PCRE 5
& dojitt T3k pAL500TsE ©] & X g3t = 2,808 bp
©] DNA ©#-& pDE vectors F3 22 3}9], primer set?l
BanHl siteZ E3}= pAL500Ts_F (5-AATTGGATCCCAC
CGCTCAGCTGCGCAC-3) 8} Spi siteS E&31= pAL500Ts R
(5'-GGCCGCATGCGGTTTTTTTGTTTGCAAGCAG-3') S A
4% PCRS %3 43Utk PCRE 53 Lol 7 vector H-9] 9}
pAL500TsS X ¥3t= DNA B8-S SpAd BamHS A2
t}5, ligations %3] pTnMod-OKmTs vector (6,563 bp)E
T3 3 th(Fig. 5).

pTnMod-OKmTsE 0[|&3t random mutagenesis
pTnMod-OKmTs vector® mycobacteria®l41€] random
mutagenesis® HTt S 402 FYT F Q= B AT

A e vectoro] th(Fig. 5). pTnMod-OKmTse] 7]%kQ]
pTnMod-OKm+ Gram-negative Aol A1¢] 34 A1E
A8 13kE vector 2. 1H6], o1 7]9l pAL500TsE pTnMod-
OKm vectord] =Q3tozn A7} A 4] 2@ s =
Aste], kA W3 TSRO A& e & F3ll vectord] EAE
A3H oo g 24T & Y5 ATk olF T3 my-
cobacteria M| ¥ =29 vectord =Y &&& 9|1, mini-
transposon®| AlZule] T59 copyFEH EAE - UEE
FEd & ok oje e 434 222 minitransposon©] my-
cobacteria chromosomal DNA W& transposition® &%
=9 & & JA "t} pTnMod-OKmTsE ©]4-3F random
mutagenesis AAE o] &FOZ QT A& F e AFH
°o]¥& vgstd o3t 2ok A WA, 4P A= random mu-
tagenesisE -3 3t ¥, minitransposon®l] 2] 44 EAH o]
7} Yojid chromosomal DNA% oA 9] $1x1& 483 &
Atk pTnMod-OKm vector®] F+Z5 HH Tn5 9% Snt
93} RP4 transfer originAto]ol] shute] ARl A8t a 24}
7} & A tt}(Fig. 5). Minitransposon?] transposition &2 <l
3] HolA kanamycin WA L2 AHH 79| chromosomal
DNAE E2|sto] EaRICE A 3 F, self-ligation A1 o
5 E coi 337834 AA kanamycin Yol thg A
HH4E Y4, colonyEs A= E coif #FE mini-
transposon®] A4 H e AAH mycobacteria®l chromosomal
DNA9| 9 92} minitransposon ¥, &, 7 7] <] dvks
MEZ e 821 pUC ori, kanamycin WA 345 E
ghek g o] self-ligation® plasmidE 7} Q)& Aolt}.
w2bA, o] ¢ A J= pTnMod-OKm vectord] @74 E
ARE o] &3 primers A =35k, Rl 2] ¢} self-ligation
A A YJ A= mycobacteria chromosomal DNA<] &%
A71H B sequencings T3 ot 4 UA HEEZ trans-
position®] ¥ ojid chromosomal DNA ZFell A o] 4 &3t 9]
g #ote Aok T WA, pInMod-OKmTs+ kanamycin
WA FAAE 7FAR 919 mycobacteria®l 4] selectable
marker2 FZ 20| hygromycin WA FHAAE 7MA &
vector®} T3] 7153}, complementation teste} 22 =<1
Hol #FE o] &3 e A9 A olM Aol &0l
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