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VA R 2 B S AR F PR I e TS A B R 4 BT
A AT 3 7 R £ R 1 B 35 i 2

T AE HT W AOBT % T AR b R B 45 4% 0 BORT B
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1.2.1 ansA JRZFRE & A A5 8519 4
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1.2.2 ansA EREBBREH KRB WE: R ansA us
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14 ansA % [ P58 (1069 bp) » F| F Spe 1/Swa 1
WD) A 553 N pML523 s iy 44 pHLO83 . 4R )5 K
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Tablel
Primer Sequence (5°—37)
ansA fwd AACCATGGGAGCAAACCACGTGCGC
GCAAGCTTCAGTGGTGGTGGTGGTGGTGGCCCC
AACGGTCGATGACGTCG
TGGACTAGTACGTCGAGACGTTCTGCGAACGGTT
CGCATTTAAATAACTCACCGGTCGCCGACGTCAT
CGA

Primers used in this study

ansA His Rev

ansA us fwd

ansA us rev

TGGTTAATTAATGTCCCTCCAGTAGTGATGACGG

ansA ds fwd TGA

TGTATGCATAACGATGTCGTCGTCGGAATACA
GAAT

ansA ds rev

1.3 ansA E R G RRFNHIE SR

¥ pHLO84 JFRL (1% UKL Ay ik JBE BUIEE 28 TR,
LS T 39°C I 1k B D B A N R A i 4 BRI
R AN, 42 TH10/OADC/Hyg ~F- B _L§ifi i, 1]
AR B T 35°CH 98- 3 -4 JJa, Pkt i b
5 %, /£ TH9/OADC /Hyg ¥ 1A 55 J7 2 b 1%
B A OD g 3B 5 1.0 e A I A AR 5 A B Bk B2 1
107" =10, %45 7TH10/0ADC /Hyg V- #2, FH %5 9 4%
EEFF 39CH 7. 3 -4 i )5, $hik P L wivx
BEAT B V% PCR A Southern 2% A2 5 ik » 1 I 7E JE A 41
KA Bk A A 5 4 A8 4 (Single cross over,
SCO) « SRJEHAL— HpAZH ve B, 72 THO /OADC/ Hyg
WARER TR PR B & OD oo 35 3 1.0 I, 22 fd 1
107" - 10°° # %, % 4 7THI10/OADC/Hyg/2%
Sucrose “FH, B WK EH G T 39CH . 3 -4
JEJ o R 98 0 (%5 775 WL 1.8) il Southern % 48
UOAIE s B AR 3R K 4l UK S B k2R XUAZ # (Double
cross over, DCO) o 7E XUAT # B Kk 5 ansAd #% hyg-
gfp B AR ot hyg il & R BUVERE D, gfp b 4k 1
PR o FRATIXFER AR H 2N T
73 21 ansA FE DRI PR I [R] IS5 15 3 BE A% 0k 2 (1
6 E A B FR LR 8 R T BUAE 5 22 16 4h g 52 56
o, B SR A B AR R A0 M R e SR X R S
A Sl 5 DRI 5 2R R (9 T 42 A2 ansA BT R 3L 1R i 16 3
A REE TR — N 1. X—fG A C 4t
W4 25 e 5 A5 6 ansA Je H BN BRI HEAT TR T

T Chttp: / /www. microbesonline. org/about_operon.
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2.5 mmol /LR AW i hy ) A3 wadli Ak, ¥ K 4 Bk i
Bl o n SRR AT e i 5L A6 P o0 R AT i
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W77 AT ™ o Ho R ansA B U bR
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2 O G AR AR U B TV REAT o R A P 2 A e
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I+, SR ] NBT/BCIP.

1.8 HEEREN

ansA B[R i B 7% AR pHILO84 & 45 W9 /N i 45 5
B 20 90 0 oyl R gfpo L wylE Dy JL 2% By XM 4
g 55 D, Rk =9 ] LG 8 B AR Z B
(Catechol) 4 14, B T 45 €0 (¥ iR 2 49 J0C» 11 ¥ A6 T B
FRIA T gfp N ERO PG A AL, T

WAL E R IR 2 058 . ansA JE [N B AT 4 bR
FEAR 2K 0y A7 AE 1 4 A T R I 0 P HR T L 1) B4
0, 56 WAREE T R 2 (9 o XUAT e bR A2 A8 K —
P93 A7 1E 1 45 A T AN AR AT AR 131068 A8 Ak, {H D 2 8 5%
e T8 I R VA 70 AR b PR A 4 ] DL PR X 43
A e FUNCAE 45 o 3o TR S 2K Bk 11 9 3 Ik R . 0 0%
FH AR 4 My ik B 4 100 mmol /L, i 50 mmol /L
i R 0 2 i (pHL 7. 2) Tic ), T+ 4°C e AR A7, 1
I 22 3 T B VR B WO FE B VR L. GFP 5856 B
% FH Olympus 5 5% 4 4 2 18 Bt (SZX6) M 4T M
SRR 4
L9 N EHERMEREPHNREANAIR
FUH HAB ™ 8 57 iy JE 6l 15 9% L 0V b 1
MY h 15 mmol /L R A Wifie, pH Ky 5.5. K4
B T 4efE TH9 /OADC /Tween 80 £ 77 3k vp 1% 3
2 0D %10 2 =30 SR )5 BSOS W A4, JF KT
K (£ 0.1% Tween 80) Pk ik 3 Uk, 25 Bk JRU 4R B 97 Jk
HRE IR A B4 T 250 mL bk HAB B R HE
U OD g, 3 0.01, SR IR 4 Ji, 8 R 1 mL &
M OD gy, ~pH FIZ W BE o L pH RIS 1 3 B A
D5 NG R 0.2 m 38 25 1 38 )5 BTG B D8 ik
7o pH Kyl S B B v (VWR) 5 &9 S8 K I 3%
FHE 8 )y 2 771 (W 1.6) .
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LLon s R 8 S BEAT 08, A8 i & (B 1-B) o
MR R (BT 0 24K ) rAnsA  AE SDS-
PAGE JIg 04 f— 4%, K/ 5 1) 58 42— 50 HLfg
O R AW o3 i 7 A2 (P 1-C) 5 3 3 W 4l Ak 1R R
AW el B AT AR i e Rk, T AE AR SE G HE
AT R, B 2 R A& W e 6 AR HEAT Western 46 E, 3
MTE P 1C F 4lifh 11934 kDa ) & (1 471 MK E
72BN Y L R B v B S S U w2 S A O
LTI AT R L REAT I O BT, 45 OR R W] 2
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Fig.1 Expression, purification and enzymatic characterization of AnsA.

A :The ansA gene from M. bovis BCG was cloned into pET28 (b) vector under T7 promoter via Nco 1 /Hind III.

B: SDS-PAGEseparation of the purified rAnsA ;..

C: Enzymaticactivity of the purified AnsA (Asparaginase) in the presence of asparagine. Ammonia concentration in these samples was

determined using an enzymatic method based on the synthesis of glutamate from 2-oxoglutarate and ammonia by glutamate dehydrogenase.

D :Typsin treated rAnsA ;. (from Fig. 1B) was analyzed by LCQ/LTQ mass spectrometer. Peptide fragments (P1-P11) were mapped to

AnsA reference protein by Build Summary software.

2.2 FNHESFEATE ansA E F 5 KRR IF L
ansA HE PRI Ak 10 4 8 SR H e A80BTRL pHILOS4
(I 2-A) B A R A0 1 0 BOME B 5 38 28 0 s 19 210 Bk
- pHLO84 JJURE 114 1 » A8 Bk 1) 9 26 R FH P £, (2%
J6) Al Southern 2% 28 W4 Bl J7 vE AT JEAT « BT SC AR A
VRV A5 P BB TR (0 s I 5 B A8 45 T XUAE H8ie T 9 AT

ansA up:
ansA downstream

BfrIB |

pal5000ts

S TIOCBE T S 5 B Ak 58 O Ty B AR R TR VR AN LAY
o L BAAE e T Y AE WEIE G L A8 R I 2 )
FAE Smin 2 ARk 54 € (] 2B, SCO/XyIE) , i
B A TR0 R RUAS e BT AR AN AR BEA AR 4K, el e a) BLAE
SRR b L A v B R R T B T B . A
RUAE e 58 A8 Kk (1) 1HE — 20 #f UK H Southern 4% A8 J5
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Fig.2  Plasmid construction and M. bovis BCG (DansA) mutants verification.

The homo-arms of upstream and downstream regions ofansA, reporter marker gfp and xylE, and counter selection marker sacB were illustrated

in the plasmid pHLO84 (A). M. bovis BCG wt, single cross over (SCO) and double cross over (DCO) were screened according to

expression of XylE and GFP (B). The SCO and DCO mutants were further verified by Southern-blot (C) .
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Fig.3  Growth capability of ansA knocked out M. bovis BCG in acidic medium. ODgy, (A) , pH (B) and ammonia (C) were measured as

WSS T 10 R 2547« 3K U W 40 SCFF 0 A6 R 7 5F
Berp i K B RS HT, o H R 2
FEAE B W5 U R AN g R HT L A3 SORF TR R R 2%
TE IR PE PR B8 rh 6 A2 K BB 7> 31X — AU JRATT 1 T 0 45
Hogd -8 . A, HdB 5 55 5 1) i — %
P59 R AW i » DR ke mT DA o %k BT R A Bt i i
X R AW 1) 53 flf o AFL S O3 il TR 205 7 75 R A% 58 4
RS R BT RS R pH TEE e ? ik, 3R
TTE X HAdB (pH 5.5) BE4T 7 MR B & 5L 6. 3K
TR B, ¥ HAB ) & 55 9% 5 M pH 5.5 i & % pH
7.5 B, K2 FHEEE16 mmol /LI K (K 3-D) . 7EA
280 . HAB O BR 9R R b R & R e 1O B R
15 mmol /L, 75 3 B AF B A7 A5 1) 45 A1 5 e T BAUAS:
WK 2 20 - 25 mmol /L 1) & (4% 35 B g {H
30 mmol/L) , I H 4% (¥ 7= £ 18 2 W {5 i), pH (1) T+
ARk B W o B S RSB T T B pH %
B IR YIRS RS 4 s 3 40 M A 1 2 R
BT AT A AR R X R AR S
FIRTIIIT ST s o — 307 o AR A L, R A TG e I
R B S A T o0 R R TR IR A K O B A4 1 X
Wi B 23 BORT B Ik A e 7 A S B kP A o 1 4
B4R (BB 4) o

8.0

75 F
70 E

6.5 [

6.0 F

5.5 &

0 2 4 6 8 10 12 14 16 18
c(Ammonia)/(mmol/L)

described in text. Titration of HdB (pH5.5) medium was carried out by addition of ammonia and pH was quantified (D). wt: wild type
M. bovis BCG; Mut. : M. bovis BCG (D ansA) ; Comp. : Complemented strain of the M. bovis BCG (D ansA) .
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TR B AT e B 45 A 2 AT BT 7 A G R T e i 5t
SN 1 OmpATb B BB 72 0™ . B T R &
Tt Iz A 030 1 22 A5 2 BT B A A 7 JE L
Hilo [FFE, BT OmpATb 2 Ak, 4% B FF 3 ] G ik T 22
i B B 49 W 2R P R S W B A B A, T HE 2B
WA R AR AT TR 45 A% 2 BT T K B IR WL 45

G HATCAH U AT H T 40 7w T2 1
FEA MR R B (B 4-AL MG iy 4 5 45 oy
P H37Rv SEE0 S B RE) o H TR A 1 40 B AT 18
FES 1% 53 BOME B 56 DR 20 W) 95 1% 99. 9% LA L, PR Ik i%
71N o T R T A T A A R T R IR L R A
FIH R & B (Asn) RE AR (Asp) BRI (Glu)
AR (Gln) (K 4-B) o & 4B £ BoAT
B HAB (pH 5.5) wp (i) 25 Kl 2k 5 56 T 45 4% o0 BT
B7E HAB (pH 5.5) Pk Kl 2k ek ™ -

4 SERFER~ENEHMNERTE

Fig. 4 Demonstration of ammonia generation and growth of mycobacteria in acidic medium. A: The concept model ofammonia generation and

secretion by mycobacteria. IM: Inner membrane; OM: outer membrane; Asn ( Asparagine) ; AnsA ( Asparaginase) , AnsB ( Asparagine

synlhetasﬂ) 7 Asp (Aspartate) ;7 AspC (Aspartate aminotransferase) ; Glu (Glutamic acid) ; Glutamine (Gln) ; GlnAl1/A2/A4 (Glutamine

synthetase A1/A2/A4) ; Amt (Ammonia transporter) ; GInB (PIl protein) . B: Growth ofM. bovis BCG in HdB (pH5.5) medium

supplemented with Asn, Glu, Asp, Gln, Arg, or Nitrate (NO; ) as the sole nitrogen source. Curves from other 15 natural amino acids were

excluded due to invisible growth. Doubling time (d) for each nitrogen source is indicated as shown.

3 itie

FE T 1B 300 0 B AR R @5 k% 2 BT TR AT RLRHL
15 A Gt /N R AT Ml R PR i e (H, AE PN S5 4
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%4 (Acid and phagosome regulated A/B/C) " ) &%
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Rv3671 ¢ %5 ", [R] INf 43 K A B 38 7 2 Bk 1 499 5% o A
ORI RR 1 o A th Itk B IR He b, S5 A% 20 BOAE R
IR A W20 BT W] DUR B T R &G R &2
T A% U I R4S R 2 A ) 2 P SR 1R (- R &
1%+ 22 5018 FOA R &8 5 A & 76 1R 1 85 % 2k b LU Re Al
FH R 2 B Jie ~ R & 2 I~ A 2 I i R 4% 28 1R O 1 B
FEW pH I Ty o 3X 2 DN A 20 BAT 1R AR RS 2 R 42
SR RIS T2 AU Hh AN B8 ™ 2R B 1tk 4 o, TR U I vk
HORIRPEIAEE (K] 4-B) o BRI 2 AT A LR 4
T i Ay i — S0 TR 3 R R P A U B T s AR AR . X
FURLZEM (Asp) « B &A% (Glu) 502 % BE i
(Gln) M — 06 (1 B 952 55, BUAR FRATT R B >4 70 B
FEAE K S By 77 pH B T > AH 2 JRATTAS I A 2
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EWE? B M Ak i HOE R T 48 22 F A
J5 RS > A 1 NH, &5 4 7 i NHA® (1] 4A) 5
P IR NH4A o AR J% By 26 31 40 10 4 5 35 B 4 e R
AR SRR R e T AR R, H AT Mk T
f) S 38 4 4

S, & R 43 RRT B R T R A I e 4 Sk LU
MR, LR SO AEHT R A R T R e T 4y
T R RO R R R IR LA B B 2 BE RN
SRR R LT X R PR LS, (R TR A T I (R AR
B3R S 10 PR D BL B0 F B AT RN I 9 B
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Asparaginase mediated acid adaptation of mycobacteria
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Xiaolang Cai ", Beibei Wu™, Yang Fang , Houhui Song
"College of Animal Science and Technology, Zhejiang Agriculture & Forestry University, Linan 311300, China

*Zhejiang Provincial Center for Disease Control and Prevention, Hangzhou 310051, China

Abstract: [Objective]l Mycobacterium tuberculosis can survive inside host cells for a long time. To elucidate the acid
adaptation mechanism mediated by the asparagine (Asn) metabolic pathway, the activity of asparaginase (AnsA) and
growth of mycobacteria were characterized. [Methods] The nonpathogenic M. bovis BCG was used as a model strain to
characterize AnsA function. The recombinant AnsA was further expressed in E. coli, purified by Co’* charged resin, and
analyzed by enzymatic method. M. bovis BCG mutant (DansA) was constructed by homologous recombination. The growth
and ammonia generation by M. bovis BCG wild type and mutant were evaluated in acidic medium. [Results] Ammonia
was detected in the presence of AnsA and Asn. Deletion of ansA significantly delayed the growth of M. bovis BCG for 10
days in acidic medium. Asn was used by M. bovis BCG to produce ammonia, increasing pH. [Conclusion] The acid
adaptation of M. bovis BCG was mediated by ammonia, the metabolic product of asparagine. This provides new clue to
uncover the survival mechanism of M. tuberculosis inside the acidic niche environment of host macrophage.

Keywords: M. bovis BCG, asparagine, asparaginase, acid adaptation
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