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XYY EAY mEEY HARY mEHRY
ZMY ARFY RERY

@© i E B 2R 2 e /AL S PR DR 2 e 2 22 A 2 BT FE B R R AR BT R bl BB 650118;
@ mEHTHIPIFER PO QPRGN B 650022

WE: Tk, MR (Tupaia belangeri) 15—l B4 SEIG Bl Wl vz N A -F AR V0= 2 00F 92 10 5> 4
ke AHE LRSS R, IBATRE (Helicobacter) 2 b8 i i A4 M0 e V& Hh M = f
(1 — 2R, AHILEAR A0 PR SR RHE IR ANE 2 . TRk, A FONG T S0 B i fl i gAT
T B G R (R0 A R AR IE 0T, N5 S S TE 70 TAR SR AL OR] . BT RS04 72 R K S (ERE AR,
PRIV Ji SR 8 IC PCR V257 Y J@ e S Ve 51 W SR AT B B RS S M B, B R A 7 ARy S ik 5
Wxs J& R e MR PR PERE AT B 0EAT TR AR S v i B, BAEIFIRAF IR (H. hepaticus) . ZKBUBEAT I (H.
muridarum) AHAEEFFE (H. bilis). M5B (H. rodentium). 25 24T % (Flexispira rappini).
FHEZAT T (H. suncus) FEEEATEE (H. typhlonius). Ja 4%k 51 20 48 PR B R 5 | 403 186 9 4 P e A
HEAT AR F 510 52 A1 BLAST Luxd 40T, il LI T @ (MIEFF AR . 45 R BoR, 72 Ui R 38 A A
t, JBRERE S YRR 18 4, SUABATERN 25.0%. Horh, B AIRAT B PAPE 8 BR. BRI RRAT B
FEPE 6 %, F 8 My FHPEFEARZ LI 7 F0 BLAST EEX 43 # J5 8 A 9 [ P EMT B (H. cinaediD FAYE 5
Py BHEATE (H. felis) PR 2 HRRBRIEIZATH (H. macacae) Pt 1 #k. 5 4 AW ERZSEREA HBLF
S 485 15 B P WA B R R BT B PR 0 o K MBAT B 8 A T 185 iy 5 SR 15 S B AR e P A 1 R AR RS 2L AT LG
BTG I, ANTEERR] DL RS AR 2R 0], R B PHAEREA TS B o 22 57 (P> 0.05). ANHF T4 R
HW, IO R B B AT A R, A IR, DS AT R . IR AT B R [
PR B

FREIE . SZIONE; HIIER R, RV FPETIERTE; PCR
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Abstract: Currently, the tree shrew has been widely used as an alternative laboratory animal in biomedical
researches. Our previous study showed that Helicobacter spp. was the most distributed bacteria in gastro-
intestinal of tree shrew, however, the species of this genus were still unknown. To find out the characteristics
of Helicobacter spp. species carried in laboratory tree shrew, we performed the current study to provide useful
information for future investigation. Seventy-two tree shrew fecal samples were collected, and processed for
DNA extraction, nested PCR to amplify specific gene fragments with the genus specific primers. The species-
specific primers including those for Helicobacter hepaticus, H. muridarum, H. bilis, H. rodentium, Flexispira
rappini, H. suncus and H. typhlonius were used to amplify species-specific fragments from genus-positive
samples. The samples negative for species-specific primers but positive for genus primer were sent for
sequencing. BLAST and alignment methods were used to confirm their Helicobacter species. The results
showed that eighteen feces were positive for Helicobacter, and the positive rate was 25%, among which eight
strains were H. typhlonius, six were H. bilis, five were H. cinaedi, two were H. felis and one was H. macacae
(Fig. 1). Four cases were mixed carrying both H. typhlonius and H. bilis. The carried Helicobacter genus and
species had no statistical significance in tree shrew among different gender and age groups (P > 0.05) (Table
2). The highly carried rate of Helicobacter spp., mainly H. typhlonius, H. bilis and H. cinaedi, was found in

laboratory tree shrew with different genders and ages.

* 239

Key words: Laboratory tree shrew; Helicobacter typhlonius; H. bilis; H. cinaedi; PCR

ITAER, M (Tupaia belangeri) fFEN—
FhoBn 2 ) S8 S T iz N T A R St 5T
(&N, AR N SRR e P e s 1B 7Y (1) g ST
AT MR E « IREMER . Z# . AR
FSEA5 T T (Chen et al. 2019). SREGH &K
HART N, BRI HFRRAMG L 5 A
FEENHAUFR B = 55 i, AR AEAR
KRELEEHIH— AN EEERHE (Lu et al
2018) o A VR L Fif 0T S0 B Wl B T 2B M
WAL AEFHM AL RE R, BIFFEE
(Helicobacter ) 72 W i iz i T A MDAV H AR X
FRE A I — 2R, H AR GH R R AN
ZERMRHEVIAANE R (Guetal. 2019),

BT B B A — R L IR A, R A
FHETARRAK, HHE IR R R .
MR AL 15 il e MRAL AN ], H AT
WA BR 438 B N UEAT B (gastric Helicobacter)
1 g 82 #F % ( enterohepatic Helicobacter )
(Bohr et al. 2006) . BEAF: X T W2 T Jeg 2 e 5k
BN 7T S AR R ERE A T, L

FRA W KT BT R R, AR
JIR 20 R R 1A 25 SE2 5 3 v BA e R R R
I EZ LIRSS AAEAE, s — Bl
S S JU T 5 AP B P AR, 7 B I S
56 50 W 1 Jort B ) SR DL R S5 45 R (Goto
et al. 2004, Johansson et al. 2006, Duangchanchot
et al. 2014). [Kit, SEAT F R4 s A O &
BN [ A1 S50 50 44 R S I ) — S b ks T H
I, P AT 1 S sh ) H R AT I PCR
M7 IbRHE (T/CALAS24-2017).

PR 14 Ja8 A A 11 A A S s 1, BR
il 1 B R FRIE AL IR B2 WSl o B
bEE 7 T A F KR, PCRAG I A PR R
LR R RV N A DR AT
(Beckwith et al. 1997, Feng et al. 2005). #£T
R IURANIER,  AHIE T R GRS
B RS, K] PCR 4 G0 5 41 7 AR IR
T JF 7 R R AT A e 2 R ) 2L RSOR 23 AT
fiE, A J5 SRR AR O S a0 3 A 2 (1 g S R 8
AT
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1 ME5h%
1.1 LXMW

KA S5 55 BT 1 (g i 2+ 4 A B
FATREA 72 173 BT I 4E 84 M (16.85 + 13.79)
H, FBPEH R 4 ANFEE . 2L 25 R (7
AMHUUF). HEH 21 H (8~ 18 4H). e
H19 KR (19 ~4a2MH) MZFEHT A KT
43 N FDFTA WA EAE 118 ~ 160 g Z [,
bt 37 2, MEME 35 R, B EER SR E
Bt [25 27 A= ) 2 Wt 2 B B B o 5 90 o o 4

[SCXK () K2018-0002). SZ365h4 s
FISZE6 S 3R FIARFCELE .,

K FH TG AR A X7 SR A A S i i 3t
FEART IR RE R, SERIBON - 80 “CUkAH,
AURIRATE o SIS AR AR KA R AT G103 PR F
FIALFE .

1.2 H¥
1.2.1 FE{F DNA PEARRIREL  d2 s BL
“H DNA BIRIEHGAA & CRARAEWFIHA IR
Aa], b 4R UL AT W R S (TR A 1A
BRI KM RIS B SIREMRE, Bh
FE{EREAT 200 mg & 2 ml B OB F, KFFEE
HEAT I TR AR, B LA 50 ul TE Bl
SRRV R ISE RN 4] DNA, BT -20 CI#
.
1.2.2 PCR I AW %27 30k (Goto
et al. 2000, Wu et al. 2017) FlFx#E (T/CALAS24-
2017, FESLEENPIT2 2017) Wit HA RS
Y (WEEAEMRHARAR, B, 347 PCR
TR (1o AT 8 R v 5 | Al
KA E K PCR VE#HT, 5 —% 4 35K FH HB-1st
519, Y HRA HB-2nd 519, LA
YW YIRRE 10 VE N R0y 1 AR
HE4T . PCR ¥ 144K 2204 20 pl, HH Premix Taq
(Takara, HA) 10 ul, JTHF/K (Ambion, 3
ED 8ul, ERHSIYE 0.5ul, B DNAT pl
(20 mg/L). #3454 H: 94 'C 5min; 94 C
30s, 55 C 30s, 72 C 30s, &30 MNMEH;

5 72 °C 10 min. G LL 1.5% ) B A
e (Biowest, FUHEA) HEATHLVK, Goldview
IR Gk (Solarbio, 1D Buth, HEE AR
(GelDoc 2000, Bio-Rad, FE[E) H|5E4h

X WE T B S R S PR B P 3 D BE P R
A, BRI 24T PCR &3, Al
FhRAFEHFZFT B (H. hepaticus). 5 RUZFT
(H. muridarum). JHVTIEFFE (H. bilis).
ME 15 KK (H. rodentium). 25l B2 AT
(Flexispira rappini). BiiEFF# (H. suncus)
ME 24T (H. typhlonius). PCR ¥ #1& £
RZEAF R b, 2 R AT T & e e 1 5 P9 3
FEAE, (HFr R R — A gy g eI,
TV UEAT B R e M BE I P2 026 B B AV AR )
AT A E . WSS R4S BLAST Lkt
Ja, IEHE A ARALRE KT 98% )2 2% TR #R A1
75347 alignment LU S BRI ¥, B BAk
(1) BB AT 1 &0 T 25 o
123 GutFEMEME S5 RA SPSS17.0
Gt AR NS R AT F o, B R
BEHFME + RlEERR. ARIPHEAREER
LR g R AR 7 ks gk AT /0, P < 0.05
WAZEFRREAGE L

Lasergene #A15%f 7 511 5E 45 R AT P
MEGAG6.0 X} it A7 Il > 45 AN 225 7 31 AT
alignment LUXf, VASIAIAHZESRE (neighbour-
joining method) ([ 5]'‘F#{& Bootstrap: 1000 /X
B HIFF replicates) 14 IR

2 R

2.1 ROPGERIT R ST

72 A P RS EAE A, AT R R R 1
VP WEHERREAE 18 4y, BARHMEA
25.0%. TEFTA FIRRR M 51 P08 1G Al 45 2R
i, EIIEFE (H. typhlonius) FHIEA 8 £k
PR IRAF B (H. bilis) FHYEA 6 ¥k, Hk 8
PR REAS 223 FE Al BLAST EEXT 23047 5 A
NIFEPEZSEFTE (H. cinaedi) BT 5 #k. i
FFHE (H. felis) BHME 2 BRFEIBRIRIEAF 1 (H.
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macacae) FHTE 1 #k (B 1o EFTAMBTERE  ATRAIEITERE, REHEN . PCR § 5
A, AT 4 RIS EREA R 5 T E IR RIS R 2 B

&1 BFFEEMM PCR RH5IW

Table 1 The genus and species primers of Helicobacter in this study

ElE/EAS gl K ZHE R
Primer Sequence (5'-3") Length (bp) Reference
A E NG B R HB-1st-F CTATGACGGGTATCCGGC 750 Goto et al. 2000
Genus specific (nested PCR 1st) HB-Ist-R ~ CTCACGACACGAGCTGAC
RS (25 HB-2nd-F AGGGAATATTGCTCAATGGG
Genus specific (nested PCR 2nd) HB-2nd-R ~ TCGCCTTCGCAATGAGTATT 30
Ji 42 ﬂ:}% hep-F GAAACTGTTACTCTG 405
H. hepaticus hep-R TCAAGCTCCCCGAAGGG
R RSB mur-F GAAACTATTAGTCTA 409
H. muridarum mur-R TTTCAAGCTCCACAGAAGTG
e {H!,?HZ bil-F CAGAACTGCATTTGAAACTAC 418
H. bilis bil-R AAGCTCTGGCAAGCCAGC
S ﬁ ] rod-F TTGCGAGGCTTGTCCTTG 324
H. rodentium rod-R TTAGAGTGCTCTACCGAATA
5 !‘L?H% rap-F GAAACTGACCATCTA 407
F. rappini rap-R TCAAGCTCTGGCAAGCC
ST sun-F GGGTAAAATCCGTAGAGATC 358
H. suncus sun-R TCAAGGTCTAGTAAACTAGAC
5 Hirﬂ!}%ﬂi typ-F GAGAGAAGATTATGACGGTATC 150 Wi et al. 2017
H. typhlonius typR CAGGATTTCACATCTGACTTAC
BRIIBAT S

| H macacaelsirain
/ HRFFo
H. felis 2 strains

[} AR

H. cinaedi 5 strains

5125 PR
Negative Positive
75% 25%

HIBBATH

H. typhlonius 8 strains

T

1 REmERTE AR LR
Fig. 1 The results of Helicobacter detection

T BEURREART B TES A5 BN PR B A AT BRI 45 2R

The left figure showed total positive results; the right figure showed all the species results of Helicobacter detection.
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A5 Samples
M 8 14 1516 24

bp

2000
1000
750
500
250
100

3132

56 61626364

2000
1000
750
500
250
100

24 3240

350 bp

40 4748

350 bp

6970 72

350 bp

61 62 63 64 69

B2 PCRY HEHIKGER
Fig.2 PCR detection results

a ~ c. WUTRRRRRIE S MY KGR d BIIEFT B0 ka2

DL2000 DNA 43 F##7fE (TaKaRa).

e MRJTIRAT R R BIKAE S FRVEREAGS SHREE R L M.

a - c. The electrophoresis results of Helicobacter detection: the positive samples were marked in the figure; d. The electrophoresis results of H.

typhlonius: the positive samples were marked in the figure; e. The electrophoresis results of H. bilis results: the positive samples were marked in

the figure. M. DL2000 DNA Marker (TaKaRa).
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8 BN B e S| WIBA e A, &t
SEFRITHAT O AR R G R, 5 S
[F] VAR S AT B AE R — AN R, B YNTS-
H8. YNTS-H14. YNTS-H16. YNTS-H31 #1
YNTS-H48, 2 tkE Mg F 75 7 — AN S
B YNTS-HI5 1 YNTS-H56, 1 ¥k5EREIEFT
BLER—NEEEE, B YNTS-H47 (& 3).

BLAST X3 A 45 SRR, B B R e =
PESIVY 3 H A BEONAHTE 16S rRNA JE[A]
310 ~ 599 nt #B5 . X 8 PRUZAT B i 4 7 1 B
FEA alignment 73T 45 SR KW, (L YNTS-H14

0.00
0.0
0.0
0.0

FRTE 369 nt AL BTN G, HARBRA R IUIRIL
ANBERK (B 4). BRI ERL TR s RAS AL
B L HEAERE 347 ~ 495 nt A1 515 ~ 559 nt f7 &
PIANER 73, HL 3 B R A= IR SR B 1 e R4
2.2 WEFFEE T S SEIR R BRI AE S A T
VWA B S8 4 T A 45 TR -5 S 6 e i 1)
AR RS AT LU AT Ja I, TER S B4
WBPHTE, &2 R AR A, R fEN
RES T I A o2 7% (P>0.05, 3 2).
[ERE R, MR TR FAD455 i 7 A AR 12 S 56 ) i
HI g 2R (P>0.05, £2).

[RI: N 2HF B Helicobacter cinaedi strain PAGU0611 (AB275318)
[FIHEZIEHF B Helicobacter cinaedi strain 11-30771 (KC616311)

[F1H:ZSUEHT B Helicobacter cinaedi strain PAGU 1744 (LC102852)
[FIM 7N BHF B Helicobacter cinaedi strain PAGU 1534 (LC102850)

0.90 | E]M:A8HF 5 Helicobacter cinaedi strain MIT 01-5002 (AY631947)

0.02

@ YNTS-HI6
@ YNTS-H31
600@ YNTS-H48
0.00 [RI S HEFT B Helicobacter cinaedi strain BE86-15 (MF440359)

0.00

000g yNTs-H8
0. po [ ZAREF B Helicobacter cinaedi strain CCUG 33887 (AF207738)
0@ yNTs-HI4
0‘(?1'0|0I YNTS-H15
“TH YNTS-H56

,ﬂ FHIBFT B Helicobacter felis strain INTO (AY366428)

0.00L 0L s/ bmkrpt Helicobacter heilmannii strain SHO (AB778508)

0.02 — 00 A yNTS-H4T
O'OOZW%T%H% Helicobacter macacae strain MIT 09-0022 (HQ845265)
0.00 0. Oﬁﬁ’rﬁﬁﬂ%ﬁ% Helicobacter macacae strain MIT 11-6604 (KC894696)
m 0. Oﬂﬁﬁﬂ%ﬁ% Helicobacter macacae strain MIT 99-5501 (NR 114600)

) Oﬁiﬂﬁﬁi@ﬂ:ﬁ%‘ Helicobacter macacae strain MIT 99-6893 (EF526073)
BREAZAT B Helicobacter macacae strain MIT 99-10773 (EF526074)

B3 8 BRARHT B8 R FE e A e 51 bt A BR S

Fig. 3 The alignment and phylogenetic tree of eight Helicobacter genus positive samples

RS FH A GenBank B 355 W MR A PR G T HHE 5 s [ Bl 0 TR bR 5 R PR AR MRAT 38R T 17— SRS L T HER B S M AT 1R

TREEMH . =AIBROR SIS R T R S 530 R BB bR R R P& < 8] BB 2

The GenBank accession numbers for each reference strain were shown in the brackets; circle indicated the strains clustered with H. cinaedi,

square indicated the strains clustered with H. felis, and triangle indicated the strain clustered with H. macacae. The numbers in each branches and

scale indicated the distances between groups.
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R BHASEIN T &

Strains in tree shrew Position

310 347 368 369 392 479 491 494 495
YNTS-H14 C .. A L0 A e ... T ... C . . .. T .. . T C
YNTS-HI15 . . G - C T A G T
YNTS-H16 . . .-
YNTS-H31 . . .- . . . . .
YNTS-H47 . C T - A . A G T
YNTS-H48 . . .- . . . . .
YNTS-HS6 . . G - C T A G T
YNTS-H8 . . G -

R RAG I B B Ay

Strains in tree shrew Position

515 ...517...525 . ..527 . .. 546 547 548 549 550 . .. 559 . . . 599
YNTS-H14 G G T C G A T C A A C
YNTS-H15 A . C T A C . T T G
YNTS-H16 . A . . . . C
YNTS-H31 . A . . . . KN . . .
YNTS-H47 A . C T A C . T T G
YNTS-H48 . A . . . . KB . . .
YNTS-H56 A . C T A C . T T G
YNTS-HS8 . A . . . . C

K4 8RB EBRERFHMEREARFF alignment ELXT 247

Fig. 4 The alignment results among eight Helicobacter genus positive samples
ER IR DR AL B R R B S N AL PP i )RR R A T IR s Sl B AR A R R 7 Lo B AR B ok
H BB o
The light grey indicated the mutate position; the dark grey indicated the base insertion; the point of the figure indicated the identical nucleotide;

the short line indicated the base deletion of other strains.

K2 RFFRE RS RS KRN R AN B A S 2

Table 2 The correlation analysis of Helicobacter detection results in tree shrew with different ages and genders

\ EHY Age groups 45 Gender
R 1 J SR 2 p ——————— P
Helicobacter genus or species SN HE FR4E HAE x itk HETE x
Infant  Young Middle Senile Male  Female
IR R B Positive 7 3 4 4 5421  0.143 8 10 0.463  0.496
Helicobacter genus
11 Negative 18 18 15 3 29 25
B IR FH 1 Positive 3 1 2 2 3.044  0.385 5 3 0.445  0.505
H. typhlonius
[ 14 Negative 22 20 17 5 32 32
BE T BEAT B FH 1 Positive 2 0 3 1 3.620  0.306 2 4 0.854  0.355
H. bilis
[ 4 Negative 23 21 16 6 35 31
[ P 2SR AT 2R FH 1 Positive 1 2 1 1 1219 0.749 2 3 0279  0.597
H. cinaedi
[F 14 Negative 24 19 18 6 35 32
JHURRT B P Positive 1 0 0 1 4714 0.194 1 1 0.002  0.968
H. felis
11 Negative 24 21 19 6 36 34
BRARRRFT 1 FH 1 Positive 1 0 0 0 1.906  0.592 0 1 1.072  0.300
H. macacae

BH 4% Negative 24 21 19 7 37 34
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3 Wik

AT FT AT TSI IR ) 7 T 7 5 DR 2H R
HAREFE R I, AR Pl ) S B0 A% i 2 (]
Y7 30 TR PR 2EL R B A A X S B AR R R
W, Horh AR Re 2 S g B R R A 3 [
Z (Guetal. 2019). #7#775% (2019) Hxfs
6 W R ) P T B AR REAT TR, HHE AR
BT 3 REMmEEreas, HE5 R UUIRA KT
W )& (Escherichia). FLEZE )& (Lactobacillus)
M3k )& (Enterococcus) LA RE. HE
AT RTABE R 2 A (73 RAMAED
(ORI TESE S < S 4l w o)l ) 7B p 34
DABEAT B4 8 o 3 A .

WEAT R S B TS B M B R AN B e )
TSR, R A 2 51k B AT S R A
IR ELZH R R 1) T B, )
WEHE (H. pylori) X ANRRIEG:, Hrts
RFEGE R T AR B Bs A0 . BRI, (EVF
Z NI IE N HS > BB E T [RIFR R 8
B w, OGS HT SR [F
PEASIRAT B A S IR AT 1R 55 (Eaton et al. 1996,
Goto et al. 1998). HILXF AR FEF A 5L
BN W) S5 IR F I, WA TR AR TE
F W E i oS AR, IX e AR R
EMAESNYIN B i N, A7 A MR I R
FEAR,  AH 2 XT38 7 G2 R B B B0 7= A B0 1
(Barthold et al. 1993, Haines et al. 1998,
Bracken et al. 2017) . % T8 B X T S2560 509
YRGB, YR, T
REE 5, RN AT RE X SR A SN R A IR
faEME, Bk, B WA T 5250 sh P A B
AR 72 TAE 12 AR

[ SEEG A Eh 2 T 2017 4E 5 A A 13
[ SZIG S PEAT T PCR A&l /7i% (T/CALAS
24-2017). ibRAEPAUE 1 LR E E A IRAT
FET PCR Al 7 VA IR, A4S AT B . 2
TIRAT TR . WA A ZRIEAT B R BB IS W
AT B AE . X ECRRAT R PR AE LA G 2 1

SEIR AN R E BN RIS SR, H AT
AT TSI AR B A BT R 4 A R AN 23 AR
SHRGEIT . T W RFE AP S0 50
IS B2, PRI HABA B i i B
B SR A E L.

BEAT X T S 56 A AT BT P e W A 9 T
VE R B RIERS R R T, Bl ©F X
BRARIE 7E 5256 /N (Mus musculus) HH4E5E T
11 NERAT R AR, P G AT i A AT
B R IA SRIEAT B L BT AN AT B A
B (Cricetinae) B IIMEAT 1R 32 AT [ P 2NE
FFEE My RRAT 55 mAE W (Felis), )
(Canis) FIpE (Macacae) 2504 A thAH 4k
RI T RER2AT B (H. felis)  JAR2 AT 5 (H. canis)
FEAEEZFTF B (H. macacae) %5 (Taylor et al.
2007, Sheh etal. 2014). Goto % (2000) X
HLIK PCRERLIN /N R K B (Rattus norvegicus)
W (Meriones) i 2 S AH FE A (R R A B
TRGLNENL, g RTINS . RE IR AT B
Wk U7 MR TR AN B AT B AE BB SR s
K, TRIEE, B AT B F /N ST H B
Ao AHPFUEATR RN, SERR R BARE
AR R, RN AAERE W IS0, 18
oA PIEAF R R, EELLE ISR IRV
WA B R (R PR AN BEAT 8 9 E MR A, —
S LY A D LR RF, G S M B AT R 0
T B AR AR ) ) A T e A B R AT TR AEAN )
SERSFIVE R B R R R RSt e E R,
I A7 AE T 5% AN 4 W BN [ 7 31 ) Sz 56 A ik
o I T ZE A R i 3 7 R DR 2E A SR
rh, MR B A R A S AR A R 22 ) LA T AR A
WA R B A e, TE S AR A AR FE AR
fi& (Guetal. 2019). {HEEABITLHKI, Tik
FE J I A I M A 4 T E 55 S LA R A0S
Ho oL gih %27 0. HIERFH
S A TR ARSI 7 2 R BBURR T B P BIOREAS
() () S B g e &% L 455 T 1 DU AN[R] o AR T, X
K6 B B g 0 R AT T R T T AR 0 A R AE RN 45
WEOL, PATTE FLEE R &M PRI . A
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