Journal of Life Science 2005, Vol. 15. No. 3. 415~422

©JLs

Mycobacterium bovis BCG Rv2435¢c S&X}Q| 7|s0f Chst o7

Ols4 - bygar
Fedistn mAEsTd A 394 AHE 99
Received April 11, 2005 /Accepted May 23, 2005

Studies on the Function of the Rv2435c Gene of the Mycobacterium bovis BCG. Seung-Sil Lee and Young-
Min Bae*. Department of Microbiology, Changwon University, Changwon, Kyungnam 641-773, Korea — A
library of the mutants was prepared by transposon mutagenesis of the Mycobacterium bovis BCG. We
screened this library for the resistance to an anti-tuberculosis antibiotic, PA-824. Most of the mutants
resistant to the PA-824 were not able to synthesize the coenzyme Fsn which is normally produced
by the wild type M. bovis BCG strains. HPLC analysis of the cellular extract showed that one of those
mutants which lost the ability to synthesize Fay still produced FO. The insertion site of the transposon
in this mutant was determined by an inverse PCR and the transposon was found to be inserted in
the Rv2435c open reading frame (ORF). Rv2435¢ ORF is predicted to encode an 80.3 kDa protein.
Rv2435¢ protein appears to be bound to the cytoplasmic membrane, its N-terminal present in the periplasm
and C-terminal in the cytoplasm. The C-terminal portion of this protein is highly homologous with
the adenylyl cyclases of both prokaryotes and eukaryotes. There are 15 ORFs which have homology
with the class Tl AC proteins in the genome of the M. tuberculosis and M. bovis. Two of those, Rv1625¢
and Rv2435c, are highly homologous with the mammalian ACs. We cloned the cytoplasmic domain
of the Rv2435c ORF and expressed it with six histidine residues attached on its C-terminal in Escherichia
coli to find out if this protein is a genuine AC. Production of that protein in E. coli was proved by
purifying the histidine-tagged protein by using the Ni-NTA resin. This protein, however, failed to
complement the cya mutation in E. coli, indicating that this protein lacks the AC activity. All of the
further attempts to convert this protein to a functional AC by a mutagenesis with UV or hydroxylamine,
or construction of several different fusion proteins with Rv1625c¢ failed. It is, therefore, possible that
Rv2435¢ protein might affect the conversion of FO to Fax not by synthesizing cAMP but by some other way.
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o] t}11]. th¢t mycobacteria® 433t macrophage Ui
A cAMPY] FE7} 4533, T3 phagosome-lysosome?]
8ol AU E Rark g Bolth14,17].

@A} cAMP-binding proteinE-& 7702 A Z T E class®
EFEHD e M. tuberculosis 2 M. bovis®] genomed]| &
ClassIll adenylyl cyclase (AQ)Z FA == 157}2] open reading
frame (ORF)o] &A3ttt= Ao] B Ht}H6,10,13,1519].
g AT A ZUof o9} Zo] B 49 AC ORF7} &3t}
T AL s olH e Yol EF o] F 157)¢) AC ORFs
Z ol Al Rv1625c8F Rv2435¢e= E-0]3}A| & mammalian ACS}
ARGl 3] & 9lAdES FF3Ee Ao 33
g3 ¢tH11,19]. 2 3 Rvi625cE N-2ete] 67)9] trans-
membrane spandt C-2t9| catalytic domain®.g FAH
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47 kDa$9] proteing ¢35 3}5}1, catalytic domaino] AC &
A& 7HAE Aoz BEFHATHI]

Rv2435c ORF2] DNA= 80.3 kDa9] proteing ¢35 3}s}
+ Ao g FAHn, o] protein®] N-terminal portion 4|
Euko) 9o} £3)3 1, C-terminal portion A E2he] U
Ho| EAlsle A2 F4HT Y. o] Rv2435¢ proteing]
extracellular domain Desulfovibrio vulgaris®] chemotaxis
receptor (DcrH)2 A H & protein®] N-terminal domain
3} FY8HA FAHE 7FA L, cytoplasmic domaing THE
REANES ACEH} fAMIS /I ALe2 F4ETH811]
DcrH9| extracellular domaing &7 sH(&Z2H4)d e
sensor?] 7)%5€ 7HAE AL g FAH I 1, intracellular
domain-& methylase 2 A signal transductiono]] #¢jsl= A
o2 FAH 5 YvH8]. whEhA Rv2435c proteine] extracellular
domainke oj® #7ZZQ W3S A3t ACE FAHH=
cytoplasmic domaing SA3}A14 Aoz dAd 4 9o
A M. tuberculosis R M. bovis®] AC7} pathogenesisol] ¥
sAE ez AA Fri1417].

B dto A= M. bovisol transposong ©]-8-3F mutagenesis
€ FYFHL o]FA st Fojz mutantE Fo) A coen-
zyme FooS A £dle mutantE 2333 of
mutantol| 4] transposon®] A F9E 13 23}, Rv2435¢
ORFI A= AUEE ¢ & ANATh o] Rv2435c i Fo]
02 AEAE9 adenylyl cyclaseE ¥ 2 FA4S 1Y
o me} o] gl Foe] AC 848 7HAe A& Yolr 7] 93
E. colioll M Rv2435¢ protein®| catalytic domaing L&A H
on, o8 7}1z) W& F3] Rv2435¢ protein®] AC B4 &
glstnztst Aot

M Y

Bacterial strains & H{2} HYX].

Rv2435c ORF¢] mutagenesisE $]slA= M. bovis BCG
Montreal 757} AMHE-5 %2, cloningg 98| A+ Escherichia
coli IM109[20]0] A}g-=gloH, Tl 2d g Iy o
ZAo| adenylyl cyclase 84§ 7}x=A& complementation
& F3lA #str] YslME E. coli DHT1[7]E AHE-31 %)
M. bovis®] %S ¢33l = Middlebrook 7H9 mediumo]
AHEERQ A, E. coli 9]%E 48 v A2 LB medium[20]9)
AH2E 225, adenylyl cyclase 849 F5& #3}7] 9
3t E. coli DHT19] 8]9S A3+ 1% maltoseE T &3}
€ MacConkey agar[7]5 A}-8-3}%t}. Plasmid selectiong
AsM e JF =7 474 25 ug/ml, 25 ug/ml, 100 pg/ml
7} H|= & wjA]o] kanamycin (Sigma), tetracyclin (Sigma),
ampicillin (Sigma) stock solution® #7}sle] Ag-3hTh.

Transposon mutagenesis ¥ inverse PCR.

Mycobacterial transposon$] Tn1096-& A}-&3te] M. bovis
BCG2] mutantE A1l inverse PCRE &38| 1 insertion site
€ Ilste AP ojv] & Ro A1 W W2 PSPy
[25,18]. Inverse PCRE 93+ M. bovis BCG Rv2435¢c mutant
9] genomic DNAE Husson et al.o] ¥ho) wa} Eaj= 9]
t}12]. ©] genomic DNAE Esgl 0. & A5 Fo) self-ligation
& A|713, 22 DNAE template2 Al4-3to] PCRE 3819
o 2 23} g 760 bpe] PCR AHE-o] dojzieH, ol A9
B7IMEE B4t transposond] A YF-AE FAs
ojwfo AlE-H primerse on] ¥HEH QTH5].

HPLCE 0/88t Rv2435c mutant? 24,

HPLCE o] &3}l Rv2435c mutant7} Fypd A AAsH=A]
o o B-F 37} st o]n] FHE Yol we} crude
extract® EA3HTH25]. &, o] #FE Middlebrook 7H9
medium 200 mlo A} 357+ wj g 5, A4E AT 2
AE AEEL 15 ml9 70% ethanold] %91 &, 100C A
1583 7HgstAtt o] A& gl dAEEsT 459 1 ml
£ A Z& microfuge tubeZ £71 &, AFAZ3 {uj2
3] AAYET o] AL 200 W) 25T 59 F, 15 ul
& Beckman System Gold Nouveau 126 HPLCol| {8}
t}. o] W) a-Bondpack C-18 (Spelco) column (3.0 mmx300
mm)o} ALEE Tt AlR-E buffer2+, buffer AR 2% ¢
acetonitrileg ¥ 338}= 27.5 mM2] sodium acetate (pH 4.7)
A3, buffer B&= 100% acetonitrileo] ¢ t}h. Elution bufferd)
A buffer BS] ¥ &8 TH3} o] WAL SR 23
THAE 0%, 285E 687X 0914 2%7kA] linear gra-
dient2 Z7}A A1, 682E 15872 = 2% A 10%2, 15
E2E REZARE 10%9A 28%2 F7MAAL, 281 22
BB 278 7A = 28%M 0% 2 Z2A AT 0|27 &9
¥ EZEL Shimadzu RF-10Ax] fluorescence detector

=]
o
&

Table 1. Primers used in this study

Primer DNA sequence

2435¢-3-fwd  5-TTTTCCATGGATCTGCAAACCAAAGAGGA-3

2435¢-3-rev 5-TTTAGATCTCTCCGACAATCGGTAGAT-¥
1625¢-fwd 5-TITTCCATGGATACTGCGCGCGCGGAGGC-3
1625¢-rev 5-TTTAGATCTGACCCCTGCCGTGCOGGGGT-3

SOE-1 5-TCGACTTCGCGCTCGACATGACCAAT-3

SOE-2 5-TCGAGCGCGAAGTCGACGGTTCGGGG-3
SOE-3 5-CGGACTTTGCCCTAGAGATGCGGCCG-3
SOE-4 5-TCTAGGGCAAAGTCCGCCGCCAGIGCTTG3
SOE-5 5-GTCCTGTITTGCCGACATCGTCGGGTTC-3
SOE-6 5-GATGTCGGCAAACAGGAC-3

SOE-7 5-TACGACCTGTGGGGCGCGGCAGIGA-3
SOE-8 5-CGCCCCACACGTCGTAGA-Y




(excitation at 400 nm, emission at 470 nm)& AM8-3te] &4

skt

PCR % DNA cloning.

Gene SOEing?] 23} PCRE A 9]gF PCR ¥H3-A-& template
DNA 1 yl, primer-1 (10 pmol/ul) 25 wl, primer-2 (10
pmol/ul) 2.5 ul, 25 mM dNTP (NEB) 8 ul, 10x Pfu DNA
polymerase buffer (Promega) 10 ul, Pfu DNA polymerase
(3 U/ul; Promega) 1 yl2 TAH®, % %78 100 w2 &
%o}, E3, PCR| A}43 primere 25 Table 10 e
9lth. 181 PCR product$} expression vectore 2 G ¢ A
& & A (Ncol, NEB; Bglll, Takara; BamHI, Promega; Hind
I, Takara; Xhol, Boehringer)& ©] -3t A W3}, agarose
gel& ALg3te] A7) 953 &, sl= DNASY bandE £
W] 32, Wizard gel and PCR purification system (Promega)&
o]43tal DNAE ¢4 #&stdth

Rv2435¢ ORF %] A catalytic domain-& pQE609] cloning
3to] pRv2435c-35 A|=317] Y3t primer2 & 2435¢-3-fwd 2}
2435¢-3-rev7t AL&HATH (Table 1). E3F adenylyl cyclase
4 ¢ Z2+E positive control 2 A}-8-3 pRv1625¢ plasmid=
Rv1625c9] catalytic regiong& pQE60 plasmide| in-frameo
2 cloning¥ ASZ, PCRE M. bovis BCG chromosome
(100 ng/w)-g template® 3}3L, 1625c-fwd} 1625¢c-rev primer
g 2}g3gon, PCR programe 96°C, 13#; 60T, 1%&; 7
2C, 18¢ & F712 3t % 307718 443t 354
PCR producte Neol3#t BglTl 2 Aw8 pQE6) DNAS 4
A ligationd} 4 ot

Rv2435c9} Rv1625¢c ORFE-9] hybridE wHE7] 93t
gene SOEingS 38t th. $-A M. bovis BCG chromosome
0. 2XRE SOE, -2, -3, 4, -5, -6, -7, 8% FZ&7|93] 14
PCRS 433t on, z2+7 SOE-13% 1625¢-rev, 2435¢-3-fwd
¢} SOE-2, SOE-3¢} 2435c-3-rev, 1625¢c-fwd$} SOE-4, SOE-5
9} 1625c-rev, 2435¢-3-fwd$} SOE-6, SOE-73} 2435c-3-rev,
1625c-fwd 9} SOE-8 primersE AH8-3l4 ZZ39}. PCR
program& 96°C, 1%; 55T, 1%; 72C, 12& & F7]2 8}9
% 303718 AP

22} PCRE 12} PCR productsE templateZ 3}¢] SOE-1+2,
344, 5+6, -748L ZE 273871938, 14 PCR products&
10u) FAsle] z+ 1 WE templateR AHE3IHOH, e
PCR #h3-9} 248 12 PCRY FU3HA A3ttt SOE-1
+28} SOE-5+6& Z+7+ SOE-1% SOE-2, SOE-58} SOE-6&
template 2 3}, 2435c-3-fwd 9} 1625¢-rev primersE AL-8-3}
9 ow, SOE-3+49} SOE-7+8+ z+7} SOE-39 SOE4, SOE-7
#} SOE8< template® 3131, 1625¢c-fwd$} 2435¢-3-rev primers
B AHg-3te] FE3 T 23 PCRE 9%6C, 14 35T, 1% 72T,
1% 1025 & F7I2 8o & 305718 ddsigin 554
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PCR product= Neols} BgITE AH8-3hod A3k 3, Neold}
BglI 2 Avr® pQE6D DNAS}H 40]A ligationd} T

Cell lysis and preparation of crude extract.

Rv2435c a2 9] catalytic domaing E. coliol 4] k3 A
7171 943} 100 pg/mle) ampicilling ¥ 3+ LB medium 200
mlo]l pRv2435¢c- 38§ EF3}= E coli DHT1 FFE vj) %3}
Q). o] ol vl el 600 nmo e EFEL0.60] B W
o HF%=%7} 5 mMo] &£ isopropyl B—D-thiogalacto-
side (IPTG)E 713k 547 &<t induction& 43835} h.
1 %o) Sorvall centrifuged o]&3}e] SLA-1500 rotorZ,
4T, 6,000 rpmo] | 208 F<t centrifugedt ¥, AT 1 g%
4 ml9) lysis buffer (50 mM NaH,POy, 300 mM NaCl, 10
mM imidazole, pH8.0)d) #& A Zt}. o37]9] lysozyme (1
mg/ml)g H7}8}, bead- beater (5,000 rpm, 60 sec, 3H)E
o] 43t cell S lysisA1Z) %, 47, 12,000 rpmof| 4] 208 F<t
centrifuged}o] cleared lysateE BT

Purification of His-tagged protein and sodium dodecy!
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Cleared lysated] 1/4 volume (1 ml)9] 50% Ni-NTA (nickel-
nitrilotriacetic acid) agarose (Qiagen)& 7}8te 4T A
rotary shakers 200 RPM9] £x2 1 AJZF B o] A
t}. o] A& columndl] loadingd ¥, 4 ml] wash buffer (50
mM NaH:PO;, 300 mM NaCl, 20 mM imidazole, pH8.0)=
28 A" sk3, 05 mlY elution buffer (50 mM NaH,POq,
300 mM NaCl, 250 mM imidazole, pH8.0)Z 49 elutiond}
Atk o] dke] dojxl @A SDS-PAGEE EA5H4
t}. SDS-PAGE® t& Z3 S0 28 Uil gatA 53
3 ATH4,22].

Hydroxylamine mutagenesis.

pRv2435¢-3 plasmid DNA 6 pg$& hydxoxylamines ©]-§
5}¢} random mutagenesisE 43} 3+ CH1]. EthanolZ preci-
pitation®l DNAE AH8-8t4] E. coli DHT19)| transformation
& 3, maltose-MacConkey agarol] £%3te] 4 colony
B9 Mg wE}H

UV mutagenesis.

pRv2435¢-3, pQE60-1+2, 3+4, 5+6, 7+8 plasmids& E. coli
DHT1¢] transformationd %, Z+z} 25 pg/ml, 100 pg/mi9]
kanamycin (Sigma)3} ampicillin (Sigma)& X33+ maltose-
MacConkey agar HjZ|oll wjg3t@qon, 2 FHAE 2T
& LB AR A 4A12F Bt g &, 99 5T &
M A S £ 83 maltose-MacConkey agar HJ x| <]l v} 150
W12 Z9sla, ultraviolet crosslinker (UVP)E o] 83t
0.002 J/em’8) UVE ZAME §, 37°ColA v %3t ATH3,16].
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2 1

Transposon2 Ol88 mutagenesis ¥ 1 &g 229
%ol

Mycobacterial transposong! Tn1096-& ¥ 38} pPR29
plasmidE ©]-g-3}4 M. bovis BCG 759 mutagenesisE 4
33514 t}H2,5,18]. Genomeol] Tn10960] 4 mutants =
o)A coenzyme Fio& FAsHRA Edle #FEW 24 £
AEE FAHFAQ PA-824E T3l v A oA selection
S50H23). Fand A4 3HE wild type #3252 PA-8240] 5
ug/uel = °ﬂ*1 Fdol dAH T, Fans AR Edle
mutant FFEL o] FrolAM F4o| JAHRA gevhe A
< o]q] Z‘i‘ﬂ] BEaE Fo| r}23]. ojFA st} FojF o
2 7}9] mutantEol A transposono} AYE B¢ = inverse
PCR& ol &3t &Qstgch 1 23, & 714 mutantol] A
Rv2435c ORFe] N-gtozBE 524 olnx=iHel
lysine2 °‘I§}3}:‘E AAG codon®] A¢} GAold] transposon
o] ¥YHAUSE I 4 AL, ©] mutantE YMBCG43
27 olE& %ﬁt}(ﬁg. 1).

YMBCG43 =0 AHAMQ coenzyme Fazo ¥ FOS
MBS o Eol

YMBCG43 @57} HAZ Fas BHP8A EeAE
A38}7] Y3t MEFF A S HPLCE 48 Q. £425
do]A profile2 Fig. 20} YERSIEh HolF profiled
& 278 YMBCG43 FF& Fnd) ATERAQ F0E A4
AT Food A3 58 ¢ & AUt wEhA FOZRH
Faool A H e dh-goff Rv2435c el go] A4 e 71y
oz diyo UL & 4 At} BLAST searchol] )&
A o] ¥go) b2 ACEH ¥& homologyE HYdl wa}

|

4
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=
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Fig. 2. HPLC elution profiles of extracts prepared from a wild
type strain (top) and a Rv2435c mutant (bottom). Note
that the fluorescence scale for each profile is different
from one another. The two highest peaks for the wild
type correspond to Fyp with 6 (13.6 min) and 5 (14.0
min) glutamates, respectively. FO is eluted at 21.4 min.

MTSGEALDSV AESESTPAKK RHKNVLRRRP RFRAS | QSKITNNENIINESYYIIYNVY QSGRTSLRAA 70
AYERLTQLRE SQKRAVETLF SDLTNSLVIY ERGLTVVOAV VRFTAGFDQL ADATISPAQQ QAIVNYYNNE 140
FITPVERTTG DKLDITALLP TSPAQRYLQA YYTAPFTSDQ DAMRLODAGD GSAWSAANAQ FNSYFREIVT 210
RFOYDDAVLL OTRGNIVYTL SKDPOLGTNI LTGPYRESNL RDAYLKALGA NAVOFTWITD FKPYQPQLGY 280
PTAWLVAPVE AGGKTQGVLA LPLPIDKINK IMTADRQWQA AGMGSGTETY LAGPDSLMRS DSRLFLQDPE 350
EYRKQVVAAG TSLDVVYNBA! QFGGTTLLQP VATEGLRAAQ RGQTGTVTST DYTGSRELEA YAPLNVPDSD 420
LHWS | LATRN DSEAFAAVAS FEERTRINECTINTAIG7 ST AMVRP | RRLEVGTQK | SAGDYEVN| 490
PVKSRDEIGD LTAAFNEMSR NLQTKEELLN EQREENDRLL LSMMPEPVVE RYRLGEQTIA QEHQDVTVLF 560
ADILGVDEIS SGLSGNELVK 1VDELVRQFD SAAEHLGVER IRTLHNGYLA GCGVTTPRLD NIPRTVOFAL 630
EMRRIVDRFN CQTGNOLHLR VGINTGDVIS GLVGRSSVVY DMWGAAVSLA YQMHSGSPQP GIYVTSQVYE 700

AMRDVWQFTA AGTISVGGLE EPIYRLSERS 730

Fig. 1. The amino acid sequence of the Rv2435c protein. The two transmembrane regions are inverted. The first fransmembrane
region from the N-terminus is oriented from the cytoplasm to the periplasm. The second transmembrane region is headed
from the periplasm to the cytoplasm. The 524th amino acid from the N-terminus is lysine and encoded by an AAG codon.
The Tn1096 transposon is inserted between the "A’ and ‘G’ of the AAG codon in the Rv2435c mutant.



#A17]171 98] pQE6D vectorel] Rv2435¢ ORFY catalytic
domaing in-frame® 2 insertiond}e] pRv2435¢-3 plasmid
£ Az Rv2435c genedlA cloningg F-£2 o]
adenylyl cyclase®] 84& 7}A& RS2 887 Rv1625c9]
catalytic domain (255 kDa) 9] AEA L 23| A AA 3t
% tHFig. 3). pRv2435c-3 plasmidE &f-3h= E. coli A|EE
BEE Cudo) 6719 histidined 7}A 255 kDao} Rv2435¢
catalytic domaino] H#HE Ao g =g} o]FA Az
% cleared lysateE® SDS-PAGEE #Astgoy, ddd &
W] fRo| o gt} welA cleared lysateE Ni-NTA
resing ©]4-5ta] FA G Fo) SDS-PAGER EAs B2
st 2 A3} pRv2435c-38 -3t E. coli DHT1 22
B tg 29 kDa] d¥ido] YHHE ol FAHAG
(Fig. 4). o] Tl o] F7|7} 3Rt} &7 = A5 histidine
tagS 7R 7] W o] Rv2435c¢] catalytic domaino] 3
dd Aoz Auastgr) walr Rv2435c9] catalytic domain

ComplementationS S8t adenylyl cyclase #A9| &01.
E. coli DHT1¢] pRv2435¢c-3& =YAIZ) &, 1%9] maltose
£ ¥33t= MacConkey agard] =@t} X3} positive
control 2 AHE-35}7] 3] pRv1625cS X 88l E. coli DHTLE
2o zA0 R wgstEtt o] i AM2-® pRvi625cE Rvl625¢
9] catalytic domaing pQE60¢] in-frame®. Z cloningd}e] A
A zstgy. 1 A3, pRv1625cE &8 E. coli DHT1 A
© colony FHOZ FiH e A £ A& FHe A9
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AA @ HJoh 28 pRv2435e-3E &i-dle AEE &
& Z2A9M AF F& Ag WA g5ty Wi, o] g
9] catalytic domain< adenyly cyclase®] 84-& 7}4# &
01 #e3dnh o] 44, o] ORF7l £3¢ EHFEHEH
ol AigolA=R AgHR o, I Fo EAF mutationol] 9
3 A 84L 21 Y NS ¢sgEtn A S
PR E A48 B 4 3tk mEbA o] @ do] mutagenesis
& B3l AC 84& 858 4 e € gdsan stdth

1.2 3 45 6.7 8 9

Fig. 4. Purification of the catalytic domain of the Rv2435¢ protein
expressed in E. coli DHT1. 1, Prestained marker. The
molecular weights of each proteins are 175, 83, 62, 47.5,
325, 25 and 16.5 kDa from the top; 2, cleared lysate 3,
flow-through; 4, first wash; 5, second wash; 6, first eluate
7, second eluate 8, third eluate 9, fourth eluate. The extract
of the E. coli DHT1 containing pQE60 does not show a
protein band of 29-kDa under the same condition (data
not shown).

v

Rv2435¢c ENLQTKEELLNEQRKENDRIEL SIMEEPYVERYRLG-EQTIRQEHQOVTUNFIDIILBVOE 568
Rv1625¢ EDTARABAVMEAEHDRSEATMANIILEAS | ABRLKEPERN | [BOKYDEASINEIME- T8 237

v
Rv2435¢ | SEGLSGNEMIK | VBEEVRAEESAAEHL BVERIIRTLHNGILAGCENTTRELAN IPRTVEE 629
Rv1625¢ RABSTAPADIIRFLEREYSARREL VOQHEL BKIIKVSGOSIMVVSENIPRERPBHTOALARE 297

v
Rv2435c [NBEMRR | VORFNCQTENOLHIRIE | NIEOY | SELMERSSVVIBMIBARNISL BYQIHSGSP 689
Rv1625¢c MIOMTNVAAQLKOPRENPYPIRIEL AIE YV ABVMESRRF FYBVEOMINVASRYESTOS 357

Rv2435¢c QPGIIVITSQEMEAMRBVWQF TAARTIISHGE--LEEP IRLSERS 730
Rv1625¢ VGQIINPOENRIERLKEDFVLRERBHIINGKEKGVMRTWYL | GRKVAADPGEVRGAEPRTAGY 418

Fig. 3. Comparison of the amino acid sequences of the Mycobacterium tuberculosis Rv2435c and Rv1625c¢ catalytic domains. Identical
residues are shown in reversed characters. The filled triangle indicates the positions where two proteins are fused. The
hybrid 1+2 carries Rv2435c (119 amino acids) at its N-terminal and Rv1625¢ (121 amino acids) at its C-terminus, and the
two proteins are fused at the second triangle. The hybrid 3+4 carries Rv1625c¢ (120 amino acids) at its N-terminus and
Rv2435¢ (102 amino acid) at its C-terminus, and these are fused at the second triangle. The hybrid 5+6 carries Rv2435¢ (54
amino acids) at its N-terminus and Rv1625c (186 amino acids) at its C-terminus, and these are fused at the first triangle.
The hybrid 7+8 carries Rv1625¢ (164 amino acids) at its N-terminus and Rv2435c (58 amino acids) at its C-terminus, and

these are fused at the third triangle.
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