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HE B #3244 5 M AT H ( Mycobacterium tuberculosis, Mtb) 3k — % 384 ( cyclic diadenosine monophosphate, c-di-AMP ) A 5%, B
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ABSTRACT Objective: To construct eukaryotic expression plasmids for three domains of Rv3586, a dinucleotide cyclase of cyclic
diadenosine monophosphate (c-di-AMP) of Mycobacterium tuberculosis, and express in COS-7 cells. Methods: Three genes of Rv3586
domains were amplified by PCR and cloned into eukaryotic expression vector pPEGFP-N3, which were identified by colony PCR, plasmid
enzyme digestion and DNA sequencing. The recombinant plasmids were transfected into COS-7 cells by liposome. The expression of
target genes in COS-7 cells was detected by indirect immunofluorescence. Results: Three genes of Rv3586 domains were amplified by
PCR and cloned into eukaryotic expression plasmids respectively, which were confirmed by colony PCR, enzyme digestion and DNA
sequencing. And the results of indirect immunofluorescence implied that target genes were expressed in COS-7 cells. Conclusion: The
eukaryotic expression plasmids of Rv3586 domains were constructed and expressed in COS-7 cells successfully, which will be helpful for
the further research on function and application of M. tuberculosis Rv3586.
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W R HE R (cyclic diadenosine monophosphate, c-di-AMP )7,
c-di-AMP RS 5 P75 A0 TE 1 AE K 20 M AR A A
YRR TR A B i 24 1 A A A A 3BT R 3 BT LA B TR
PRSI, B R T 18 e B, S0 1 = A [ ey, PR g
DRI E TR B DG, c-di-AMP [ 41 IR TR PR AL i
(dinucleotide cyclase, DAC) 1k 2 43T 1) ATP uf, ADP [fij i,
1, WF5EE HIHIESS , Rv3586 J& Mtb (1) DAC iy, 5 iR — el
(phosphodiesterase, PDE )L []H5 Mtb c-di-AMP [J7KF, &5
VAT A TR AR N S AR 7 0, i — DRI R L, Rv3586
HEE " H BCG 1t FA TR 75 TN B ZU 1) S i i 2
(RKRREER) . Rv3586 M 4L & =45, A N i %) C i
SR s A A A c-di-AMP Ji P 1) Dac(dinucleotides cyclase )
SERYIR . S5 H BRI BE % 45 5 DNA 1) HhH (Helix-hair-
pin-Helix ) &5 #4319, {H 45 25 A I Y T R S S5 LA 0 AH B AR
HLAEMATERE . AT ER T Rv3586 = NEEHI Y BRIk
Bk, JELE Rv3586 DIRERIFSY Mo BiHLI B 98 B9 1 Al

1 AR5 07

1.1 FEH#

GXL PrimeStar fiff . Hind I1T FR il ¥4 4 ] i \.T4 DNA Lig-
ase BRI (LGS 73 A= W25 Takara /A 7], Hoechst
T8 A RAYEARF R F R4 M3 FBS 4 H Hyclone /v
7] ,PRMI-1640 4 F Gibco 4\ &) . ViaFect #% 4t i 7| g T
Promega 2\ A, P/ Cy3 9856 " #i M Bioscience 2\ F] P25 o
/NPT Rv3586 ZHTIMLIE N DU ZE B FC 2 A WA O 2 ol 4
U131 COS-7 4N 5 DU ZE B K24 W4 HOF = AR A7
12 ik
121 ERSEEH PCR § 1 ¥ BN A5 19 Mtb H37Rv
Rv3586 FEFE T4, 433l N 3i(N) B (M) (C 35(C) = Bt
SERIRA LY G54, inZE 1 s . L H37Rv FER 4] DNA
R AHEAT PCR 738, WA Z N .5 x GXL PCR buffer 20
wL,dNTP 8 wL, FURifitR 2 pL, F . FiF5194 2 ul,ddH.0
65 wLo N A4 :95 °C 5 min; 95 °C 30's, 56 C 30s, 72 °C
30's,30 MEFR; 72 “C 5 min, Rv3586 = Er4E kI3 R4 6 &
> Rv3586N . Rv3586M Rv3586C,

122 ERRIEHEGHEE X Rv3586 L5 #3L F () PCR
P53 5T Hind 1T BREGY), [FIRS pEGFP-N3 JLi% 3Rk

F IPCR Y B REFESIW

Table 1 PCR Primers for amplification and identification

Primers Sequences
N-F 5'-gcgaagcettcgatgeacgetgtgactegte-3'
N-R 5'-tttaagcttgtacgtgacgttcecegeg-3'
M-F 5'-gcgaagcettcgatgttgaccgactcggeaacc-3'
M-R 5'-gcgaagettgegaateetgegettecgtg-3'
C-F S5'-tttgcgaagcettcgatgacgetgageecgegtgge-3'
C-R S'-gcgaagcttgttgatcgctgatggteg-3'

GFP-R 5'-cggaagcttttacttgtacagctcgte-3'

Note: bases underlined were sites recognized by restriction enzymes Hind
1.

4k Hind I EEY)JE L BERR (CRBAL B, SRR 54804y By
W EILE AL E. coli DHS o, RAREE R BUIET-H b vt o 2H e 1k
To PR TR, A LN L RS 1 3 B AR i B i 5 1)
GFP-R BCxf #E4T PCR %5, W H A3 DR 40 A LLBAR A
7 1) A5 LE A o DS S TE A BT R PR IBUSORE, R ] Hind TIT #2
LI E o BBk B T AR IR RIINF (18] 1) .

Rv3586
[ Dac—T===Tinker——= HhH |
‘ ‘ < —>|
420bp 441bp 216bp

(Rv3586N) (Rv3586M)  (Rv3586C)

/PCR and Cloning

Start codon
Hind IIT . .
Promotor / PW-135 (pEGFN-N3 + Rv3586N)
2, PWI36 GEGFN-N3+Ru3s86M)
GFP
- EGFN-N3 +Rv3586C
Kan Stop codon PW-137 (@ v )

[ 1 Rv3586 Sl EZRizHFMEREE
Fig.1 Schematic diagram of eukaryotic expression vectors construction of
Rv3586 domains

123 ERREZHFEHERL ERRSRELH COS-7 41l
2% 10° A~ / mL 32 B LK & A 3 55 3% A 09 24 FLAR RP-
MI-1640 58 435353 (10 % FBS)UHE 5% 24 h, Bl F YR A
W ;0.5 wg 4 FORLS: A1 50 wL i RPMI-1640 7 58 40 85 37
(A% FBS) TR, A 1.5 wL Wi &Y ViaFect #% Y47, iR
FE 10 min, FEYLHT, FLAR P B 250 L Hifif ) RPMI-1640
SEAREFREL N IMAFE YR AW 51.5 pLe 37 C .5 % CO, ks
7% 6 h, FfiIA 200 L RPMI-1640 5¢ 415 37 3%  4k4L1%5 5% 48 h,
PAas F kL pEGFP-N3 56 4% f#) COS-7 4HfAE by [ X IR
124 HHMERREMEZEEEZOLEN £ COS-7 4iMirE
R NERBE - FAE K2 95 %-100 %I, Bl 238 A, TR
) PBS Wi¥kJa , 4 %% T B E 20 min, PBS 55k 3 3k, 300
L 0.2 % TritonX-100 {£f] 10 min, PBS % 3 3,3 % BSA 100
pL 2 iR 30 min, PBS ¥k 3 i , %1 200 wL /NEHT Rv3586
LMK, 4 CROGER . PBS EMEJS A 50 wL Cy3 28GHR
CMILEESTNR P, 37 CHROGMFE 1 h, PBS V5 0 200
pL Hoechst Z R0 E 5 min, PBS IEVE/F 95 % HlE Ao
BB BT 2 AP K 350 nm 395 nm 550 nm F) &
TWRER

2 R

2.1 Rv3586 gt B E A PCR § 15

PL Mtb H37Rv [ 3L R4 A, #738 Rv3586 4 #4 i L
,PCR F=W 28 1% e HREE I F kA M w7 , I 384 H K/
5394 420 bp ([ 2a).441 bp (& 2b) 216 bp (& 2¢) 1)
Rv3586N . Rv3586M .Rv3586C [ [{ILH 4 Bx .
2.2 Rv3586 B E R EZRIEFHEN PCR £E

43 BIR FH Rv3586 253 SL A - iF 5 GFP R iiEs| Pyxt s
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Fig. 2 PCR amplification of Rv3586 domains
(a) Rv3586N domain; (b) Rv3586M domain; (c) Rv3586C domain
a b C
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Fig.3 PCR identification of eukaryotic expression plasmids for Rv3586 domains
(a) Rv3586N domain; (b) Rv3586M domain; (c) Rv3586C domain; Lane 1, forward insertion; Lane 2, reverse insertion.
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Fig.4 Identification of eukaryotic expression plasmids by enzyme digestion

(a) Rv3586N domain; (b) Rv3586M domain; (¢) Rv3586C domain; Lane 1, plasmid + Hind III; Lane 2, plasmid
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Fig.5 Expression of Rv3586 domains in COS-7 cells detected by immunofluorescence

b FiET PCR %50, 1 Y%Bi SRAHGERS vk SR, 43 i
i Rv3586N Rv3586M Rv3586C 534> GFP(5' % 800 bp ) E
B R B, RN 1220 bp (1] 3a) (1 241 bp([&] 3b) .1
016 bp( &l 3¢ ), W 4 AR AT AT ZI K/ NI [ 34 15
2.3 Rv3586 £ME EFBEZRIEHENEETLE

£ Rv3586 L5 FLA% R BRI G Ak T4 KB 7R 14
ISR, Hind T BRG] 43550 7T 40 4 420 bp (& 4a) 441 bp([&]
4b) 216 bp([&] 4c) i B, F W Rv3586 =45 H4 1) BELA% 634
JFORIF T T4 R AE AP 81 5 H Y DNA ¥4 58 4
— B, WP A S IR R SSORL S S i 44 PW-135 PW-136
PW-137,
2.4 Rv3586 &M EEEEZLM COS-7 hMRIALEE

BRI Y A COS-7 ELAZAMMI , HEAT Sepe o YAt . dnpel
5 TR, §5 4t PW-135 PW-136 I PW-137 [f) COS-7 1, 4l it #%
{3 & i) Hoechst L RL7E 350 nm A3 & 5E T & 5FH 460 nm Jif
KM, 78 395 nm B3 6 T, GFP & 1% H 509 nm J K
BISE DO, 7E 550 nm BEEIET , 454 %] Rv3586 45l 1
{4 Cy3 FRit —Hi & Ky 561 nm L6585, G586
LI TOERA TG I E DR Rv3586 L5 A4IURT GFP g,
45 LI Rv3586 = A2 el 3k (X | BE I 46 COS-7 4m it rf
3 91t

c-di-AMP >y 2008 45 & I 4N AR5 4 1 AT b iy
P KA RS AL TR M Br . Bai YL 48 ™ ¢y ik die 15
Rv3586 J& Mtb 445 — A5 {d c-di-AMP (14 (A , FErl i1k
W5y ATP 5, ADP j=4: 3'5' - iR R, A A c-di-AMP,
HWIE 2R P BR , Rv3586 1B A0 & =N SR, N sty

WAL 1-140 255, JE T DisA B (K5, & c-di-AMP
A B FEEE AL . % Rv3586 1 N+M FI M+C Z5#4 5853
BIPEAT IR A Rk H B L D) B8, MFoT 45 SRR B, AR W2 v
XA T N i, ot RHR JE 708 L E BRI AL A, BB S
HHARREL G c-di-AMP, A [F] 40 18 (1 Dac &5 11 44 B A7 Al
Rv3586 FHLAYLE R, M B Z5H AL 555 141-287 (5 5k
R, B8 = o BENE, JE R T PR 25 Bk Y linker #3525 #4350
C Ungh IR Bm T HhH S5 5t , AR 456 DNAM {3
B LB AR AR IR — LR E

A2 HFAEH Rv3586 HH A ™M N+M Z5 5k (R &
FGER) G /N R, G5 RS AT T 2 1 VR S 5 0 A i S
N ARSEH Y FRATR A Rv3586 25 [ G fie/IN BRI 22 S b 1M 7
WFE FE YA ORI COS-7 4HAf, fird sy i iR Rv3586
Z SUREDUATT RN = A5 A, B = A S5 S h
JRFAL, RN A S B 27 (R A B S ie i 28T BB
DLSCR T B S AP 7 AR i — 2P SO UE S

c-di-AMP A] 3455 41 N STING (stimulator of interfer-
on genes ) 43T, il i STING il 3% B W4 i I B4R &R
R, c-di-AMP & Y Dac S5 F3 BAT i fidE M, A6 B
4l M o 223k Dac 454438 0] B LA 40 A (%) ATP )9 7= A
c-di-AMP, FF X1 AN 1 A= B AR = AR g, FRATT A S
A% Rv3586 =25 HIBIE R B AZ A IR 33k ki % Y A COS-7
R, RINE 09 R A R AR A TR A 1 el
oL, BE Y E e SMA KA BE WAL, £ B3R
FEFLAZ AR A ) R TR 2H L A A B RS AN 13

i b, AR E ORI T Rv3586 = A4 Hym 2 R Ay
R I EAZ AN COS-7 4t s D33k H A,
AN IR P c-di-AMP 5575 32 240 i ) A0 B AR R 25 5



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Voll17 NO.18 JUN.2017

- 3433 .

fift, I AE—2E FIW] Mtb Rv3586 25K DI e S LT T Mitb
AU BIL A FE T St 1 SR Ak
£ % 37 ik ( References)

[11] Marco Schitoa DH, Alimuddin Zumlab. Tuberculosis eradication
versus control [J]. International Journal of Infectious Diseases, 2016,
[Epub ahead of print]

[2] Russell DG, Barry CE, Flynn JL. Tuberculosis: What we don't know
can, and does, hurt us[J]. Science, 2010, 328(5980): 852-856

(3] FiFdt, Rk, 2RI, F. BEIAGHARE . YEBRRES
e & 2015, 10(1): 69-74
Li Er-hua, Liang Zhang, Bao Fu-kai, et al. Advances in the study of
new tuberculosis vaccines [J]. Journal of Pathogen Biology, 2015, 10
(1): 69-74

[4] Betts G, Poyntz H, Stylianou E, et al. Optimising immunogenicity with
viral vectors: Mixing MAV and HAdv-5 expressing the mycobacterial
antigen Ag85A in a single injection [J]. PLoS One, 2012, 7 (12):
e50447

[5] #a4R 2, BE %, T WA, 5. 4545 5 BT ) ESATO-MPT64 #hb- & &
a9 A FE RS R A B S T). o A SR RSB 5 05 9T 26 &, 2000, 23
(4): 325-328
Bai Yin-lan, Xue Ying, Wang Li-mei, et al. Construction of secreted
protein ESAT6 and MPT64 of Mycobacterium tuberculosis to
evaluate its applicability in serological diagnosis [J]. Journal of
Chinese Practical Diagnosis and Therapy, 2009, 23(4): 325-328

[6] Dissel JT, Arend SM, Prins C, et al. Ag85b-EAST-6 adjuvanted with
IC31 promotes strong and long-lived Mycobacterium tuberculosis
specific T cell responses in naive human volunteers [J]. Vaccine,
2010, 28(20): 3571-3581

[7] Gomelsky M. Camp, c-di-GMP, c-di-AMP and now cGMP: Bacteria
use them all![J]. Mol Microbiol, 2011, 79(3): 562-565

[81 Ye M, Zhang JJ, Fang X, et al. Dhhp, a cyclic di-AMP
phosphodiesterase of Borrelia burgdorferi, is essential for cell growth
and virulence[J]. Infect Immun, 2014, 82(5): 1840-1849

[9] Luo Y, Helmann JD. Analysis of the role of Bacillus subtilis sigma(m)
in Beta-lactam resistance reveals an essential role for c-di-AMP in
peptidoglycan homeostasis[J]. Mol Microbiol, 2012, 83(3): 623-639

[10] Gundlach J, Rath H, Herzberg C, et al. Second messenger signaling in
Bacillus subtilis: Accumulation of cyclic di-AMP inhibits biofilm
formation[J]. Front Microbiol, 2016, 7: 804

[11] Dengler V, McCallum N, Kiefer P, et al. Mutation in the c-di-AMP

cyclase DacA affects fitness and resistance of methicillin resistant
Staphylococcus aureus[J]. PLoS One, 2013, 8(8): €73512

[12] Dey B, Dey RJ, Cheung LS, et al. A bacterial cyclic dinucleotide
activates the cytosolic surveillance pathway and mediates innate
resistance to tuberculosis[J]. Nat Med, 2015, 21(4): 401-406

[13] Bai Y, Yang J, Zhou X, et al. Mycobacterium tuberculosis Rv3586
(DacA) is a diadenylate cyclase that converts ATP or ADP into
c-di-AMP[J]. PLoS One, 2012, 7(4): €35206

[14] Yang J, Bai Y, Zhang Y, et al. Deletion of the cyclic di-AMP
phosphodiesterase gene (CnpB) in Mycobacterium tuberculosis leads
to reduced virulence in a mouse model of infection[J]. Mol Microbiol,
2014, 93(1): 65-79

[15] &¥mF, T&M, #lak, F. EE0HAFE c-di-AMP &R 84 &
FAGEMA BN R S K H & [T FERRENFRE,
2015, 10(8): 681-688
Cao Tian-yu, Ji Si-yu, Chu Yang-guang, et al. Expression and
purification of Mycobacterium tuberculosis c-di-AMP synthesis to
prepare polyclonal antibodies in mice [J]. Journal of Pathogen
Biology, 2015, 10(8): 681-688

[16] Witte G, Hartung S, Buttner K, et al. Structural biochemistry of a
bacterial checkpoint protein reveals diadenylate cyclase activity
regulated by DNA recombination intermediates [J]. Mol Cell, 2008,
30(2): 167-178

[17] Zhang H, Peng P, Miao S, et al. Recombinant Mycobacterium
smegmatis expressing an ESAT6-CFP10 fusion protein induces
anti-mycobacterial immune responses and protects against
Mycobacterium tuberculosis challenge in mice [J]. Scandinavian
Journal of Immunology, 2010, 72(4): 349-357

[18] Muller M, Deimling T, Hopfner KP, et al. Structural analysis of the
diadenylate cyclase reaction of DNA-integrity scanning protein a
(DisA) and its inhibition by 3'-dATP [J]. Biochem J, 2015, 469 (3):
367-374

[19] Pham TH, Liang ZX, Marcellin E, et al. Replenishing the
cyclic-di-AMP pool: Regulation of diadenylate cyclase activity in
bacteria[J]. Curr Genet, 2016, 62(4): 731-738

[20] Rosenberg J, Dickmanns A, Neumann P, et al. Structural and
biochemical analysis of the essential diadenylate cyclase CdaA from
Listeria monocytogenes[J]. J Biol Chem, 2015, 290(10): 6596-6606

[21] Andrade WA, Firon A, Schmidt T, et al. Group B Streptococcus
degrades cyclic-di-AMP to modulate sting-dependent type I interferon
production[J]. Cell Host Microbe, 2016, 20(1): 49-59



