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Effect of DNA vaccine immunization of Mycobacterium tuberculosis Ag85B on colon SIgA and microflora
in mice

LI Hui's YANG Yu-xin®, YAO Si', ZHANG Wei', MA Guo-rong' , WAN Qiao-feng' (1. School of
Clinical Medicine » Department of Pathogen Biology and Immunology, Ningzia Medical University, Yinchuan
750004, China ;2. School of Clinical Medicine, Ningxia Medical University)

Objective To investigate the effects of Mycobacterium tuberculosis Ag85B eukaryotic expression plasmid
PCD-Ag85bB on SIgA and bacterial community of colonic mucosa in mice after muscular immunization.  Methods U-
sing pcDNA3. 1+ as the eukaryotic expression vector, the signal peptide gene and the Rv1886¢ gene encoding Ag85B were
connected to pcDNA3. 1+ with a total of 963 bp nucleotide sequence to construct the eukaryotic expression plasmid PGD-
AGS85B. After double enzyme digestion and sequencing, the recombinant plasmid pcD-Ag85B was transfected into Chinese
hamster ovarian cancer cells (CHO) and its expression was verified. C57BL/6] mice were immunized with pcD-Ag85B
recombinant plasmid via thigh muscle by micronal injection. Mice feces and colonic mucus were collected 42 days after
primary immunization for high-throughput sequencing of 16S RNA and bacterial structure analysis,and SIgA specific anti-
body titer was determined. Results The eukaryotic expression plasmid pcD-Ag85B was successfully constructed and
the specific expression of Ag85B protein was detected. The molecular weight of the protein was about 35X 10” , which was
consistent with the expectation. At 42 days after immunization, the abundance of Lactobacillus reuteri and Lactobacillus
johnsonii in the colon of Ag85B group was significantly higher than that of the control group (all P&.1t;0. 05) ; The SlgA
titer of intestinal mucosa was 1 # 45000, Conclusion The Ag85B protein expression plasmid was successfully obtained,
which can effectively induce the humoral immune effect of colonic mucosa in mice,and improve the colonic probiotic-lacto-

bacillus community.
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%5 ¥% %% (tuberculosis, TB) & M 45 #% 7 B FF &
(Mycobacterium tuberculosis , Mtb) J&& 4t fF 35 1) — Fb
T PEAL Yo, Rt R = RAL Y R 2 — . (2021 4F
IR VB s, e 2020 AE G5 BT K
BERCN 84.2 T RIRHRLH 59/10 T3 .78 30 DE
9o e A HH B 5 v R R SR 2 2 AR T EE (259 T
Hpi 2 902019 TB BF R MAEN" . RAH (BCG) 2
H T IfG PR L i — FH T T80 57 285 2 5 10 88 T Al 2 90 Bl &5
B A s e i . T ARWIE IR, BCG 1 f g2 4
PRCR B W 55 . [F B A BCG R il & i f2 rp, — 2t
SR CAC TN PR A OC 1Y BE I & 2k 3 BOH AR 4 B 4
B R G R A TR R R TR A L
A BT B G B LR AP AR T X 7 8 N il 45 A2 i VR A
FEH A BRI R A S e 4 o Ak e R g
HZIARESE .,

DNA % W B 15 S A 20 FF A M 4 S g™ . AR
M, T AEAZAT T A Ok 1k Bt i Ak R A /Y DNA
PRI L W B T . YU DNA B2
BB ER o3 I 45 A% 43 BORF T A R 000 L BRIDRR e 3 vy %
BHBUES . Ag85B RN M. rb FLII W 1K (4 43 s
R AE R DL AR 450 3 1 AR YL S 8 A i S, AR
WF58iE 15 T AR W) "2 HOR NG AF 5 IRIE R AT ML tb 4 fi%
Ag85B Yy Rv1886¢ 4 K 3t 963p #% 11 W2 J¥ 41 % 42 5
pcDNAS. 1+ A48 B R IK TR peD-Ag85B. LI T
S B /N LIS WL L 3 1 A R I 8 0 B %o 485
g A2 T B DA Ag85B DNA R 1 Xof 245 Ji K 5 1Y
B B2 ROCR K] BE R AE T BLH

MR ERE
1
1.1 %A% DL15000 DNA Marker, H A Taka-
ra Bio 23 w] 7 it s R PE N DI B Hind 1 A0 Xbal., 5 [H]
NEB 23 5877 i s R RAR % 2R IPTG . I bl | e ik &
F1 VR e T k4 U 0 T 7 BB AR W R A R A
Jo AL/ g il 4 1R & ARG [ S ) W 1 R AR AR AR R
BATBR2A W) 5 o N 2 R Bk R & 48 PO ) & A 356
Omega Bio-Tek 24wl ; BT Ag85B HLyTIl [ At nt i
AREY A A R A 5 Lipofectamine™ 3000 %% 44 5
4 H 2 E Thermo Fisher 245 ; 288 [ marker W {3 b 5T
R EAEYEARABRA T 1. 25 % B T R E W 3 /e
% DU YR A BRA R HRP FRid 3£ Pt /N L 1eG
Py A EE Merck A H]
L2 e BHhARAE FEERIEARCHO-
KD W&o B g B2 Be . {57 9 I R AT Rv1886¢
FEH L 963 bp BT A i A A YA RA
E IR ERE T pcDNA3. 1+,

1.3 %34 SPF %% C57BL/6] /M 10 K, EdE,
6-7 JA ARE AL D g, I A T HERKRELR Y
b, BHRIEF 95 . SCXK (59)2020-0001, A 525
X C57BL/6] /N B i A5 4k B8 34 LRI S0 H Y 647 5%
B A, e 8T 5 S B R A 2 ) A0 B OC
7(2021-N019) ,

2 Fik

2.1 AkmABEFEGER HFRE LA DHSo &
ZASYM R AL MR A T & R R Pk LB P AR,
37 CHe g . WEALIY R E R LB Pt b Pk
AR R 2 B RIBEE R 1Y LB WK 55 5 b 8
IR, SR BRI o B B R) & B HOBTRE JS R AT X
YIS 8 91 28 i A6 50 B 4R A W HOR A R 2 "1 .
FIk kLA 44 4 peD-Ag85B,

2.2 pcD-Ag8SB MR EFEOWE L

2.2.1 pcD-Ag85B Jiiki K2t AN TR
AR SR IO N FE R TR . Fl AR 4 R Y
¥ 2635 FORE peD-Rv85B Fil s 24K ffi ki pcDNA3. 1+,
W7 e B K 2B DR AET-20 C& .

2.2.2 R CHO #iffl o CHO 4 g T
12 FLAH ARG SR A, FH & 10 %0 B 4 1L (9 DMEM &
FWIE IR MK E 80% ~90 % )2, 44 7%, PBS
% PRI DR 2~ 3 WK, 4% B T A 5 e i)l W o 2
kL peD-Rv85B #£ 4t CHO 41 g, % YL 40 g & 37 °C.,
5% CO2 Bi A B 38 5 h, BB 195 10 % i 2R 1
HH DMEM 35 R 4k 2285 9% 2 48 h,

2.2.3 Western blot ¥l Ag85B By Fik WA YL
JG 48 h iy CHO ¥ F2 W 40 pl 3% 1+ 4 RF N
A5 X ERESE G, WK 5 min, EAE, 2 12%
SDS -PAGE 438 J5 , 2 T L # AU #% 2 PVDF %
LA 5% B BE WA B 1h, TBST BERE 10 min, 3t 3
I HT Ag85B HLFLREHTMAR (1 = 1000 Fi BE) ,4°C
IR VR In A HRP Frid e bt i IgG (1 : 2000,
37 ‘CH¥% 60 min, Pl ; INA ECL &G . & 8% E
FAEE I

2.3 ek DNRGENMEREIE 1 E RS R
PBS # (Blank #1) #l pcD-Rv85B & £ i i 4 5 41
(Ag85B 41,50 pg/H) B4l 5 K, R KBEALA
P RE /N B R B S HEAT i e L 4k 2 Kk,

2.4 ERALZAKBEHRSE VIRE A2d, A /MR
EEEAEIK 12 h, MG A AL SE /N B, 35 R N IE R .
TCR W AR ZEAH 3 R/ H s HIIE RS %, 1 mL #0%%
() PBS M0 2% 28 72 A s i OB L B ik 3 IR
B Y LA T80 CCUKA A L

2.5 MARREFLRE AW CRAIN$E ELISA ¥, ¥
il £ 1 Ag85B B LI & 2 pg/mL 1R W AL 9 96
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FLAEARHL 0. 1 mL/FL.4 CiE & IMA 2% BSA Hf ]
Wi.0.1 mL/4L,37 ‘C#'E 2 h, TBST Pt 4 W A
B0 Y T TE RS R R (AR 1 2 1000, 1 ¢
2000,1 = 4000,1 = 8000,1 : 16000,1 * 32000,1 =
64000 , 73 458 X HEFD PBS BIMEXS IR, 37 CHE A |
h Vet im A HRP #5130 9 % 5t Bl SIgA (1 = 1000 #i
B0, 1 mL/4L.37 ‘CIH 40 min, PBST Pk A
JEH,0. 1 mL/4L,37 CEEEHFR 15 min; BALIA 50
pL 2 mol/L H,SO, % 1k 2 B, B b AL 2 A, fH.
LR L A A/ BAPEXT R A B =>2. 1 %) 5 m A 5 s B
JE 58 SR P
2.6 47 16S RNA ZH@ 0 5 &R A AL
K0 CTAB ¥E 4 U S 5L K 2 DNA L 28 2 %031
JI W R IS P DK AL DN ) 4 B8 Nk 32 . A 1 Bar-
code M 4E R 5%, New England Biolabs 2% & iy Phu-
sion ® High-Fidelity PCR Master Mix with GC Buff-
er R 8% AR BT UE AT PCR., 2 %6 35 5 4 6 fis H vk G
W PCR 7= ¥y, 6 I & 4% J5 % HI g 2R 2l 4k . 9F 1 Qiagen
28w B TRl S0 R AT I I, i TruSeq ®
DNA PCR-Free Sample Preparation Kit & % i 5] &
Ha  SCPE L H £ 1 SCPE 2 Quibit Al Q- PCR & #E A 46 5
K NovaSeq6000 [ HLINF , M b 50 i R BOR B B
A RAFSEM . M Uparse 5595 % BT A 4 dl 19 4
#B Effective Tags #1758, DL —3 M 97 % 19 )7 51 R
2 OTUs(Operational Taxonomic Units) . [A] B} 3%
W OTUs vt B =5 (9 77 51 4E ) OTUs iy
FEA, (R 04T Alpha 228 P48 504 0] 22 57
38T e Beta ZHEPEHE B4 0] 22 5% 53 1. 4 Kruskal-
Wallis 4 % 1 Wilcoxon Fk #1465 . i J] LDA Effect
Size 73 # 2: %F iy 18 B AE E AT 22 5% 00 M LDA fH > £ 2
TP 2R B,
2.7 %t FoH KA GraphPad-Prism 5 & i {ER
AT FN SPSS 20. 0 eI 0 M A %o 52 36 B 4 2R 47 0 A
B, R DR AR R . X T IR IE
o3 A L5 22 5% B9 7 i OB, W 4 TA) bR T PIREAS ¢
L o X T 00 BRI 2 23 A BT R R A A TN 28 %
WG AT B, P<<0.05 NESALIT¥E
X,

g B

1 JRHL pecD-Ag85B HIEETI L E

e 1 FTR , HA E 2 3R 8 R peD-Ag85B Hind
I Xbal XCHEGEI =90 2 1 %6 3505 B 58 5 i vk 43 i
PIH BRI 7 BE R /2 1 000 bp, 5 HU#H (963 bp) 4
FFCEL D, X 85 R, 25 1 515 5 I R 2
Rv1886¢ %k [H ¥ 51 5¢ 4> — 3, 1 41 TR A 2 1E A

bp bp
5000 §
2500 |
1000 963

M 15 kb DNA #r&E# 1 pcDNA3. 1+ 2 peD-Ag85B 3
peD-Ag85B Hind [l 1 Xbal X 1]
B 1 EARERHK peD-Ag8SB HEIEE
M 15 kb DNA marker 1 pcDNA3.1+ 2 pcD-Ag85B 3
peD-Ag85B digested products by Hind [ll /Xbal
Fig. 1 Identification of the vectors by restriction enzyme

2 Ag8SBRIEEHAMRIEWN
JFRL peD-Ag85B ¥t CHO 41 e )5 48 h. Y HE 40
M W5 3E1T Western blot, &5 R0 & 2, ) b &7 A7 T
35 ku &b 255 5 WU — B, A B TS B AR .
T A% 35 TR peD-Ag85B 75 CHO 41 il i % 35
1) Ag85B # 1 BE 43 WA ) 41 i 41
ku M 1 2 ku
55000
40000
35000 35000

25000

15000

M EHASTHRERME 1 2B pcDNA3. 1+ 85 CHO X ]
2 peD-Ag85B #: 3t CHO 4 L
B 2 Western blot #& Il BT CHO A8 EiE B Ag85B
M  Protein marker 1 CHO transfected with empty plasmid
pcDNA3. 1+ 2 CHO transfected with pcD-Ag85B
Fig. 2 After transfection of CHO cells with plasmid, the expression
of Ag85B in supernatant of CHO cells was detected by Western blot
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PP Sy 1 4500, £ W] Ag85B HH T T /M
55 IRl S 1) A YR A B 2800
4 Ag8sBEEXM/MNRBEBERFEMNI I
4.1 S DRMEARFSHEEG T B (Rar-
efaction Curve) f&F 4 RIS 2k (Rank Abundance) &
WL AR N REAR SRRl & Rl 2 (&
AN ] B HE B I e R B A A B L O ) 4 i e R
ARy o R SRR L (& 4B) AT W
FCBRFEAR T b i 2 B S B L FEOK P O7 ) L
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Yy e BE e il 2 1 B R R St W) R ) R R R
e M2 AE R Al b R ROR  FE O ) B i &
V- AR E R W T RS v R ) X A R B il 2T 22
YRy An g4, 8 4B 1T LA 1, Blank 2H £ 19
SR /NT Ag85B 4. UL B Ag85B W i) 3 B
Blank 4155, R OTU Venn 3 HrE#E OTU Hoit
Je HAh 222 I B, Blank 40 Fl Ag85B 41 & OTU 43
FA 1071 1 209 AL kSR OTU 4051 227 &
365 4L, HF 844 4~ OUT, gk — W] Ag85B 4H g i
PR R b = B 4 s (18] 40

N

w
A

SIgA ELISA titer Ig
L

Ag85B

Blank

3 Ag85B EAXTEFHLFE SIgA
Fig.3 Effects of Ag85B protein on intestinal mucosal SIgA

Rank Abundance plot
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A WRMZL B SgEAKML C
B E PCoA F J@/KFYFhitbm
B4 MNRBERFESHEESWT

A Rarefaction Curve

Venn D Shannon 1§

C  Venn
graph D Shannon graph E PCA F Evolutionary tree on genus

B Rank abundance curve

level
Fig. 4 Species classification and abundance analysis
of intestinal flora samples of mice in each group

Shannon 850 (K 4D) R H1 . Ag85B A AV «
ZHAEART Blank 4, B ZHEME 2 #7 7T T 0F 58 A [
EZA TR E 45 0 1 R RL P B 22 S W TR 20 A O
HREARZ GRS BT F A br o b I 2 4 RUBE 43 #7 .
A BB X TR BEAS K F weighted _unifrac J 2§ 58 2k gt
7 2 b5 70 #r (PCoAD . 4 & 4E Fi 7R, Blank Al
Ag85B Ao TR 225+ 0 35 . Ui peD-Ag85B JE 1y
B3 /)N B T TR 45 48 5 1E 8 /N BRURH LG — 0 25 5L R
W] Ag85B & [ 1 S BE R A 15 1 /s BUI i 18 oA B 1Y
N B AF 2 JE KV Rl B4R A T8 3 2 5 51X [
#43] topl00 J& Ay FRFR ¥ 51 . 43 3 F s B 3R 7 H X N 114
115 B JE A HE R TE P 36 7 1% T R AE AN TRl A A
MEFESMFEE. 5 Blank 41 %, Ag85B 41 Lacto-
bacillus (FLAT &) . Alistipes (55 & B J& ) & Lachno-
spiraceae_ NK4A136_group( BIRH &) B F 1% I %
Rahn, HIh 45 A2 T
4.2 DREMBABMAEREEFESN  ETTK
V- b & 2 38 A W) 2H R T 2 Bacteroidota (UL FF
WD) Firmicutes (JEBEF []) | unidentified_Bacteria,
Verrucomicrobiota(JEH i [']) Proteobacteria (£ JE
& (E 5A), 5 Blank AH H , Ag85B 4H ) Bacte-
roidetes AHXT = FF Ik /D i Firmicutes A AH Xt 3 B 14
. @K L E 5B Frow , w4 i 8 R P A
F 2 & Bacteroides (#0¥F % J& ) . Lachnospiraceae _
NK4A136_group (B R JE) . Akkermansia (] 7f 2
RHEJE) L Alloprevotella (P35 T5 K W J& ) . Alistipes
(AR JE) \ Rikenellaceae-RC9-gut-group (A B
Bl RCY B &) . Geobacter (I ¥ 5 J& ) . Turicibacter
(B FF B  Prevotellaceae_UCG _001 (75 K [K
W E) M Lactobacillus (ALFFHE &) (K 5B), 5 Blank
20 AH Eb, Ag85 4 W Lachnospiraceae - NK4A136 _
group \Alistipes . Geobacter N Lactobacillus W) A0 Xt
E I T Alloprevotella Akkermansia . Prevotel-
laceae _UCG 001, Rikenellaceae-RC9-gut-group H
TE AR RE X = BE Dl /b SR ] Ag85B WYL RN R T
B ERE R KBRS, FEA K B gl 5C
i~ . W B ORI B B2 Akkermansia mu-
ciniphia (Wg %5 3 H B 53 2 H) | Geobacte anodiredu-
cens \Bacteroides_sartorii \Lactobacillus _murinus (Fl
FLFF B . Lactobacillus _johnsonii (29 B 3L FF H#) .
Lachnospiraceae _bacterium _ GAMT79 (B M2 g #) .
Faecalibacterium _prausnitzii GE PR B | bacterium
_str. 51885, Lactobacillus _reuteri (% R FLFTH) A
Bacteroides_vulgatus G 8 #IFF ) (F 5C) . X} Blank
AN Ag85B 4liy 10 A E B AT S22 70 H7 . K
A Lactobacillus _johnsonii (A RFLBR I H) M Lacto-
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bacillus_reuteri (B HHRFUFE) FE A E LK 22 R

Gt L (p<<0.05), (& 5D,

ference betusen groups

A IR FARRTEEHARE B JE KT R0 A X B AR
B C FoR PR FERIRE D 2REHDH (T test, x P
<20.05).

5 MNERBEEBEYMEARRERESN

A Relative abundance distribution at the level of intestinal micro-
flora B Relative abundance distribution of intestinal flora at the ge-
nus level C Relative abundance distribution of intestinal flora at spe-
cies level D Difference analysis of intestinal {lora at species level (T-
test, ¥ P<C0.05).

Fig.5 Species composition and difference analysis
of intestinal microflora in each group
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IS G 28 22 5 S ML S 28 T 4% 110 2 4 B 4
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B N SR CBE 2 AR T RGP 2
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A 5 A1 E B F Ge SR AS [R] A AR 5 24 25 0 Lk 40 i
FIG 8 KIS 43 F AL T T8 60 M G0 038 2R 45 2 e
S Ko w . ek 72 b, i 3L s W A g
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Tt 32 Mk 5 RE SN 22 IR B S S A T P
A=) 5 T 1 A 05 22 () A AH ELAE TR E T R I A g
& B g J KO, A BT R WL SIgA 194758 H
AR 18 26 67 45 5 1 2800 81 71 M 3 T A 1Y 4 R A 2D
Ak,

Jo 3B A ) U 02 4 AR T Y 22 R M R T RE X
i 38 Ty B o ke 2 T LA A L 25 2R TR R T R 4 R
T BRI YA K T ) 0 o o T A S B MLBE T AR
FEHPIEST peD-Ag85B 42d J5 OTUs LA M beta Z#E1E
3T N . Ag85B G I M T /N UM 3 A Y 24
P I T8 T A= 0 ) AR A T S SN T R RE TR
T ARG 5 B AR T AT B T R AR X 2 B, Al
IRV 22 SO BT e B R O3 AT A T Y BE R R,
B ERFAT B (Lactobacillus _reuteri ) F 2y B FHAT H
(Lactobacillus_johnsonii) . B FE W, B ERALFT
T NS Ji T 2R 5 R AT 5 ) RS B RE 0 L BB 8 K5 P AT AN R
(10 5 B, 4 0 1 I S e SRR L R M AT T
NS X DI N O A ol & RN N A 3 o AT
25T A TR 1 9 T A G A 9 LA 45T L e 4 v
G R, A3 g 3 DR s T g

ARSI T AL T AL R A BURL peD-Ag85B Jf:
Kol ) Ag85B & RSN Rk . Wit/ MEUR 42d. 18
S5 I HEVE W RS TN BT R R M Y Ag85B AR
PE SIgA, Ui B Ag85B HIEHLIA ™ A 1 1A W e 2 0N
AW S VM T e R BN 50 pg/ K peD-
Ag85B H AL FURL 28 JIL A 5 i 7 A B 45 i R I A g
RN LA B 2800 % W T T A 1) 552 Wil ) O BR Ay | 2%
AL A S AT o 50 i S S iR AR A Ak
VEHE IR AIRTE Ag85B Y S Jm i3 % 7 IR LA 1 A
LY FRFUAT B RBLE] o peD-Ag85B 9 T % hif ] 54
E SR
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