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(#ZE] B K0T Smad2/3a XPEHESIYM SIS AL B MW, FiE 8 7B 1R 5040 i s 1)
SIS smad2/3 NREMEA 1 52 SCEER IR 7 vk 5 S VR R smad2/3 BRI MRk BIRIG & & 2 6 1675, F
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smad3a mRNA 54073 5 ) 5 ead 263K smad2 F smad3a , [6)FE ) FH VR SN 2% A2 K6 00 #2206 40 it 4o S5 P 10 3 [
crestin IR TE O ; B4 5 23k casmad2 M smad3a ¥ T W smad2 F1 smad3a VR HEIT IR, &R smad2/3a B
PR , crestin 1Y) 3¢ 35 1 W 38 AR, 1T snaillb, sox10 F foxd3 W) 335 i TC I WA ML, smad3b B BAK 5, crestin,
snaillb ,sox10 1 foxd3 [FRIB &I T BAL ; i KK casmad2 F smad3a Y0 T2 crestin 1Y 335 810 5 5 1 3k
casmad?2 F smad3a PRI T smad2/3a FERERTE Y crestin BIMEZFET , i Smad2 FI Smad3a X1 28 41 I bR
TEFE D crestin MR HA HEA/EH
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Effect of Smad2/3a on the expression of the neural crest cell marker
crestin in zebrafish

LI Lifang", CHEN Luxi*, JIA Shunji’®* , YAN Guangyu'®

(1. Department of Developmental Biology, School of Basic Medical Sciences, Southern Medical University, Guangzhou 510515, China.
2. State Key Laboratory of Membrane Biology, School of Life Sciences, Tsinghua University, Beijing 100084 )
Corresponding author: JIA Shunji. E-mail: jiasj@ mail.tsinghua.edu.cn; YAN Guangyu. E-mail : kuangyuyen@ smu.edu.cn

[ Abstract ) Objective  To investigate the function of Smad2/3a on vertebrate neural crest cell development.
Methods Knock-down of smad2/3 and overexpression of casmad2 and smad3a were achieved by microinjection of antisense
morpholino (MO) and mRNA into one-cell stage embryos, respectively. Then, the expression of snaillb, sox10, foxd3, and
crestin in MO-injected embryos and crestin in mRNA-injected embryos at the 6-somite stage were detected using whole-mount
in situ hybridization. casmad2 mRNA and smad3a mRNA were used to rescue smad2 and smad3a morphants. Results
Knockdown of smad2 and smad3a resulted in a remarkable downregulation of crestin, while there were no obvious changes in

the expression of snaillb, sox10, or foxd3 in the smad2/3a morphants. Knockdown of smad3b did not inhibit the expression of
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crestin, snaillb, sox10, or foxd3. Overexpression of casmad2 and smad3a led to an upregulation of crestin. Overexpression of

smad2 and smad3a restored the reduction of crestin expression caused by smad2 and smad3a depletion. Conclusions Smad2

and Smad3a play key roles in the regulation of expression levels of crestin during neural crest cell development.

[ Keywords)
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RNA, 5 FBEHLS | 99 )5 7 s i) &5 1l £ cDNA
FEHUS RNA F7HL 15~30 Mih T 6 MR 2 R
[vi) Ak B %) B Jiy , FH 2 T 25 90 B I, B DEPC 7K

THUER S, IIA 600 wL Z4#% RLT F1 24 pL —
WRIVBEEE (DTT, 1 mol/L) , 1 g ¥ 7 15 40 Jifd 75 3 22
fift, LA JC PR B 0T DL RO, R R B PRGN A IR
DA K cDNA A A 58S W= S i I
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Table 1 Primer names and sequences for smad2

MO validity detection

EiEZEA BIRIFFI(5 1037)
Primer names Nucleic acid sequences
SM1-FP GACGGGCGTTTGCAAGTGTCTC
SM1-RP GAGACAAGTGACGTCAACCTCAATAATGGG
SM2-FP TAGAGCAACTGCGCCGTCATAGCAATG
SM2-RP GCTCGATCCCTGTTGGGAAGTTGG
MO-FP CGATAGAACAGTGGGATACCTCAGG
MO-RP GATTCATTTGCTGGTCACTGGCC

ctrl-FP CTCCCCATTCTCCTAGCCTCCATCTG

ctrl-RP TGGTGTTGCGGTTTTGTGTGGTG
actin-FP ATGGATGATGAAATTGCCGCAC
actin-RP ACCATCACCAGAGTCCATCACG

1.2.4 {KINE R mRNA K 4lifk [mll
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() R 8 R L2 A A i > T R 12 g SR
RETTRE I A BR 1 P U0l U0 %1 24k 5 3RS 24k
DNA A, 2% J5 R4 E B mRNA | 3% mRNA 4lifk
I, F-80°C -7, &M A B mRNA B mRNA 1
4l b [P B A IR S L= B S
1.2.5 MO #l mRNA i B0 5

smad2 SM1 TS0 5 ng, SM2 A9 7E 5 71
N 5 ng;smad3a/b MO ES &N 5 ng; pS3
MO 9735550 A 5 ng;casmad2 mRNA 17 557 &
H'5 pgismad3a mRNA [ G &R 20 pg, HH
B MO Bz mRNA 56 21 B5E I fa 50200 i B 30 1 A2
Koprh  FEAG & B 2 6 (R, A FIBEN 50 &
I, FEREE [ 2 2ok ), B B 7K (25%, 50% , 100%
100% ) T HIEEH  -20°C IR AF 2 H
1.2.6 BEH MR 2458

FEHL crestin , snaillb F1 foxd3 FEHREFEVT 37 UTR
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Fer i 1 R, R 30 AR iR 3 JC A% iR 8t 16
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W PBST ¥, I A 300 pL 65°C Fi# () HYB™
(50% I EBERE, 5 x SSC,0. 1% Tween-20) ¥ , 65°C
WCE 5 min; FEE N 300 WL HYBY A, 65°C 4R
& 3~4 h, BEERENH RS, T 72°C AL 10 min J5, 57
RIEF vk b, FH 100 L 5 B S ¥ HYB' R
W ,65°C KR Z3E 12~ 16 h, 55 2 KW RS,
=20°CPRAFIF AT E AT . IR R 1(50% Ik
JHi 2% SSC,0. 1% Tween-20) 65°C ¥k 2 ¥%, ¥k 30
min, ZJ5 B AL 2x SSCT K T 65°C PR IEIG 15
min, SRJGIRUH 0. 2x SSCT %Al 0. 02x SSCT %
TVRIRNG 4 U, AR BEPIYK , BRIK 30 min, #R)5
B MABT W, EIRCE S min, R — K5, ik
T AT (G LU AL | 10% £ A1 55 F1 MABT 44 8

1:2:7HBNRE) , ZFEWEE 1 h, 25, BTk
5% 5 T (B B IR AR 1 0 b R BT YE 1:3000 FY
Fe R B T ) ,4CHE R 12~16 h, 55 3 K,
WEE PRI B W, A 10% K3 L2 I3 A
MABT ¥ , 5 I35 50 30 min; B4 MABT ¥,
F£5) 30 min, FFE R 2 &K, BHEAKIKCE 1 h #1 30
min, ZEEE@W%@%MN&( 100 mmol/L & fk4h,
50 mmol/L &k, 100 mmol/L Tris-Cl, 1 mmol/L %
TEBKIEFI 0. 1% Tween-20) , 25 MR E 5 min, FH 3
W, RIGIIEIGH R 2 48 FLAU , 25 e (0 52 b
W, M 200 pL iS4, HE TEAVE G TR
£ 30 min BUB SR B EZER . fF R OTEA)E, Wk
Y, FH PBST i MR AP I, SR 5 B4 1 4% 2 %
FHE , 4°C B R LAZ R v, FH PBST ¥ I8 %
WRRE WIS , B 4 il H I, o ARG 58 2R 5 7 TR
R BT F TR

]2 BRSBTS Y48 R B8

Table 2 Primer names and sequences of the synthetic probe templates

5194 FK Primer names

AR (5’ to 3’ ) Nucleic acid sequences

crestin-FP GAGAAGCCCTCATCAGAGAGTTTG
crestin-RP TAATACGACTCACTATAGGGGTTGCTTGTCAGGCAGAATCAGG
snaill1b-FP CGAGGGGATATTTACAAAGATGCCACGCTCATTTCTTG
snaillb-RP TAATACGACTCACTATAGGGCATTTAGTCACTGAGGCGGTGTGTGTCCAC
foxd3-FP AGCGACAGTCCCTGCGAGAGCAAC
foxd3-RP TAATACGACTCACTATAGGGATTGAGAAGGCCATTTCGATACCGCTGCT
) #Em E T SM2, Jf H o SsM1 5 sM2 dt i JLF AT LR 0k

2.1 F A MO #% smad2 BRI

HR 4 smad2 W9 3E S50, R BFR R TH T M 4%
EESFE T4 smad2 565 4 .5 48 F 8T8/ MO, 43 51
fir 4 SM1 il SM2, 4 T H#i%E smad2 SM1 il SM2
A L0 HE A By o AR TR U smad?2
FEPR R IR FATHE BT R T 5 ROR 6] 3 5 4 R
) RNA 55 515 3] cDNA, I 38 3 AS [ 43
(ARSI 5 %t 8 e B 18 (51 9 7 ' an &l 1A o
K)o

R E e HL UK S /s 3 5 SM1 il SM2 5, smad2
AR mRNA BB IR . o actin 5191914 1)
H B4l R/INRILSE FE 45 AN FE i rh — 300, R 454
A ELEL RNA A9 — 30 BHPE X R 5 | P 48 ) 454 7
A Ab R [A] B AR — 35, R smad2 mRNA 1) B H AR
AR G AREG LA L, FEAN TR MO 3441+, MO
SPGB S HXT R R smad2 5 4 RN
5 SHMNE T IEHABY 452 1 LR FRAR, Hoh SMT 08

smad2 FEATIERNSY 32 7F MO FEGTEL H, SM1 5 SM2
S HG AR TR 5 45 10 5kl R W] 4 5 N Tk
PRER ROk, AT T4 1EH# smad2 mRNA 123k (T
Kl 1B FiR) o
2.2 pS3 MO A& HAIEMEBMPES

o TS MO AT RE 251 p53 15 5 1 3 14 9
T, IS A0 M T S R R A
I H2Z R SCHRF A 5 p53 MO e [m] i 5 m] DL ke
smad3 MO 5EAFIT-F A i, AT 5 p53
MO 2 FLYH A2 K5 1 v 38 o Jir 467 2% 52 A ) e 22 U
MMEFRICFE A snaillb , sox10, foxd3 I crestin B 523K
THoL, SRR, 58 ARG AE L, ST p53 MO
RIEAG snaillb , sox10, foxd3 F crestin W) 3%k & J0
W1k (18] 2) , R W p53 1Y R I AN 23 5% e pft 282
ISAN K B . PG, ZE8 N ORI ST, O T ke
AR R S 0 T B G, ATIE DS smad2 MO LI K
smad3a/b MO B[R]}, 425 5 [k B2 1) p53 MO 3
PEE
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exon3 exon4 exons exonb

SM1  sM2

SELHF

SM1 primer

s e [N

T AL smad2 SM1/2 HRCERAE T YT R E, 35 @51
L5153 530 1 T ARG B SMIL R SM2 B A B, k(]
Py TR SM1 A SM2 Ft (RIS A9A 0k, 8 (5 1 AR R B
KB, LLEIELRARH] SM1 I SM2 ME5 A (18 . B. DNA HL k&
Hlb7N SM1/2 3 smad2 mRNA BYHTESRPERTREN . k2R H
BT, = AR RN RT LR BRI
B 1 smad2 SM1 il SM2 A 3L A

Note. A. Schematic design of the smad2 SM1/2 primer validation.
Cyan primers and purple primers were used to detect the effectiveness
of SM1 and SM2 injection alone, green primers were used to detect
the effectiveness of SM1 and SM2 injection together, and blue
primers were used as positive control. The red short line indicated the
combination position of SM1 and SM2. B. DNA electrophoresis
results showed that SM1/2 affected the splicing accuracy of smad2
mRNA. The arrow represented the target band, and the triangular
arrow showed the emerging splice.

Figure 1 Validity detection of the smad2 SM1 and SM2

2.3 BUR smad2/3 37 [8) # 42 Uik 20 R AR 12 B [ Y
A

R T HRFE Smad2/3 X #2505 240 il e R 52 )
AT 5% smad2 SM1 smad2 SM2 smad3a MO Fl
smad3b MO 5 5 21 5 A5 U BE ) fo 520 Jif A 9 5265 B0
ORI K B 2 6 1A B IE A A 2% 5 R I A 28
ISZARE AR ICZE N snailld sox10 Joxd3 F crestin OB
IRTE I, JRA 32 45 B R | smad2/3a B RIS,
crestin W2 IK5 8 0 35 AR, snail1b  sox10 F foxd3 f)
I8 B 6 W 8 A AL smad3b B A R, snaillb
s0x10 foxd3 F crestin 1) 3¢ 15 5 ¥4 Jo W] i 22 £k (1A
3) . crestin JEBE S TPRE S AR IC BT AT #2505 41 0 fr)
Frai A Gk 5 1) B PR TR smad2/3a wifik
i 2 IE A R B SR, R, 7R TR Y S5
o FRAT TR 2R 0 AN AR 1C JE R crestin VE RIS
XFLIRGE Smad2/3a X i 22U 4 L & 7 5200

snaiflb sox10
. ' | a
&)
o 42/43 45/47
: \
ony f
.g. -,. 8
35/40 23/41
Joxd3 crestin
34137
S €
e -
q

* 136136 " 3647

T+ 6 PR7 I b 220 AN B A 10 PR 1 S 2% 32 25 2R (bar = 200
pm) o (T EIE)
B2 p53 MO ALsgm i G4l K &
Note. In situ hybridization of marker genes of neural crest cells at 6-
somite stage (bar=200 pm). (The same in the following figures)
Figure 2 p53 MO does not affect the development of

neural crest cells

2.4 K smad2/3a SHERIVE crestin Rik

F T RS Smad2 Fl Smad3a XL IE ML T
B2, FA150 3 smad2 SM1/SM2 F1 smad3a MO
TS 2 5 A U ) £ B0 40 0 52 kG O TR IR iR
KA E 6 RATHIRI crestin WIFRIBIHL , AL A43C
E R smad2/3a WAL crestin 323K [, SR H]
I RORRE—B (B 4) o B TP Smad2 Fl
Smad3a X} crestin FFZMJE S FER , AWFFE 8 2 A 4b
HEIT casmad2 mRNA F1 smad3a mRNA , 5351 75 B8
S L 30T A AR RUIR G 6 AR T IE IR A A6 2% 22
K crestin BYRIBNENL . caSmad2 JEFRFELITEIE X
[ Smad2, % 5 ERA T MHL S5# 50, HAL TR
B ) 22 2R - TP 2 R - 22 2 IR (SMIS ) i J7 9l 58 7%
N RAZ AR A R-K A &R (DMD) 217, LAk
AL Smad2 B 32 ABOE BB IR IR . Z Ty
WP RIATERE S | o R KA smad2 A 235
NG AT AT 52 0, B3 3R 3K casmad2 W) 5 BU™ &
T A AN A A gl i IR , 7 M caSmad2 &
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Figure 3 Effect of smad2/3 knockdown on the expression of marker genes in different neural crest cells

Smad2 BIFFEERLTE L 2, v DL SE A 00 B0E R RS
ST, SR EBR, T T casmad2 mRNA Fl
smad3a mRNA J& , crestin () F2iEmTHE (K 4) , i
A FR3K smad2/3a X crestin () F3k 77 A AH Y
LRI IR THEN Smad2/3a F5 5 HLE 5 crestin

2.5 1t3RKIE casmad2 0 smad3a TR smad2/3a

BiBEET S 3] crestin WK RiX

R T W E crestin MY AL R IKJE B smad2 K
smad3a F K] R B B HE 8 0, AT 4 5K smad2
SM1/SM2 1 casmad2 mRNA X smad3a MO Fi

smad3a mRNA 73 5 21 B A= B BE 1 0 22 i 4 1
RGN REIRNG & E B 6 AT I S SR A28
R crestin B INAE AR, 45 R WoR, 5
TESF MO AYMR G AR L, MO Il mRNA JL 4 5 R fif o
crestin WA T BEAC AT DA 0] 5 3 BF A= #U ARG (9 7K F
([ 5),#—F W Smad2 Fl Smad3a 7 Hf £ U 41
B & B B AR S RS crestin A

3 e
MU IR T o 2 i i B, A S R R
PCARNE RS 32 8] — R B e s I 19 I 45, 40 Snail ,
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Cirl P53 MO

SMI + SM2

smad3a MO smad3ia RNA

casmad2 RNA

.

- 24/36 3034 21/35

4 smad2/3a FrSEHEHPEEE crestin BFRIK

Figure 4 smad2/3a specifically regulates the expression of crestin

B
2
o
o
5 -
8 :
Ctrl p33 MO SMI +SM2 smad3a MO
o \
o
1 ; J
=) 73/35 27/38 28/32 27/33
2 ]
E =]
g \
SM1 + SM2 + smad3a MO +
e d2RNA @ 12 RNA smad3a RNA smad3a RNA
s o —_
i f"}' L ]
£ £
% i 4/
24/41 20/34 24/35 16/28

Dorsal

B 5 1333k casmad2 1 smad3a I PEHL
smad2/3a BTS2 crestin WK IA

Figure 5 Overexpression of casmad2 and smad3a rescues the

down-regulation of crestin caused by smad2/3a MO injection

S0x9,S0x10, Foxd3 251 | Foxd3 7E4E+5 i 25 085 41 ifd
FARREIA IR AR T LR, foxd3 5Z IR
JGAFAE ™ TR 1) fTE E | f R B b iy R A Bk
S 2 s0x10, 50x9b, snaillb F crestin B FE T
JA1 . SoxOb Xif Fii i 1 22 0% A0 L 1T A AL RE A RS,
B sox9b T BUW G AUA B0 1y 3 240 i, i 5
sox9b B 3k 9 /b B 38 0 #2325 W s0x10, snaillb,
foxd3 Fl crestin B IEF 321K Sox10 76 4K+ Fl ik
ARSI o3 AT B i R i — s IR T, k2R
sox10 PSRRI B Z (A 3R | P U 2t i AF A 8 ik

FEH T Snail1b 2 1A 5 A 38 i ok 2> 5 B
2Rk DX 3k M o B ph 25 U 20 i o3 Ak B A2 B, [ e
snail1b ] B I 425 Pt 28 U 4 Jf 1) b 1 1] 78 o 2 48t
TR SRR A 2 A R AR AT 45
R R AR smad2/3a J5, 6 AR5 B IR IR B foxd3
snaillb Fl sox10 f) &35 g 284 I A B g, n gE & A
4 Smad2/3a X Tax Sk SR IR HAE R AR
FH, 838 e 2 A E 5 38 B ny P Rl T R — 1%
530 I ) A O AN 23 1 3k S SR P - 1 R A 7 B
WIS SENR , T crestin A1 A] 68 A LA 32 3] smad2/3a W
B, MR I — PR Smad2/3a XA
ZRUB AN B A RE ), A6 €0 2R A I B AN i A
TE R PR FRATTFICEE 10~ 12 {45 5 2 5 i b 30
smad2/3a @A FE 5 SRR N R R A R i A T
b AR 2 U A0 B A T 3 DR ST Wi A 2 A A 1 2
(238, B Smad2/3a 75 IS 41 & & h i
EE.

smad2/3a WAL EARIG | crestin BRI 1 25
5% X R IR 22 38 7T LAY smad2/3a fA)4: 3Rk i
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WRNTELAEYE B ET-B T T crestin 15 3+
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TS S X, Ui Smad2/3a 7] BEE TS crestin 3 3l
FEIEAHEAEH , MRS crestin B3 IR X Fh AR
YEI TG 22— 201 ChIP SEE R EGIE, HAh, ZHTHY
WFTREE IR IATE crestin A B X ISAFAEAL & s0x10
TEN I AT SR F 255005, 578 sox10 25500 A5
FEEILA M Tg (crestin: EGFP) WSk A5¢ Ik ik
B, UL crestin 2 3] sox10 45 22 Fp i 2 5% S R
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BT IX IR AFAE Sox KRR H G TESS & A0, Ui B
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TCF) AELEWFEA BLAE I T Sox9 J& & A HMG 1
1 S, $278 Smad3a 7] B Sox9b 77 7EAH H.AE
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Protein turnover regulation mechanism of rat skeletal muscle atrophy
induced by hypoxia
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[ Abstract] Objective The aim of this study was to identify the mechanism underlying skeletal muscle atrophy
induced by hypoxia exposure. To this aim, expression levels of different types of skeletal muscle protein synthesis- and
degradation-related genes were compared between rats that had experienced hypoxic exposure and normoxia in a hypoxic
feeding intervention ( semi-starvation state). Methods SD rats were divided into a normoxic normal diet group ( group

C), a hypoxic normal diet group ( group H; oxygen concentration of 12. 4% ) , or a normoxia-matched diet group ( group P;
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the food intake was matched to that of group H). The body composition of rats was tested by DEXA after the 4-week
intervention. The soleus (SOL) and the extensor digitorum longus ( EDL) muscles were collected and weighed. Muscles
fiber histology was observed using HE staining, and the muscle fiber cross-sectional area (FCSA) was calculated. The
protein contents of HIF1a, Akt, p-Akt, and skeletal muscle protein synthesis- and degradation-related genes were detected
using Western blot. Results 1) Body weight was lower in the group H than group C, but there was no significant
difference between the groups P and C during the intervention period. At the beginning of the intervention, the food intake
of group H (which was the same as group P) was significantly lower than that of the group C, and there was no significant
difference between the two groups. (2) After the intervention, the body weight and muscle mass were significantly lower in
the group H compared to groups C and P; the wet weights of SOL and EDL muscles in the group H were significantly lower
than those of the group C; and the FCSA of the EDL muscle was significantly lower in the group H than in groups C and P.
(3) HIFla protein contents of the EDL muscle was significantly higher in the group H than group C; the ratio of p-Akt/
Akt of the SOL muscle in the groups H and P was significantly lower than that of the group C; mTOR and 4EBP1 protein
levels in the EDL muscle of group H was significantly lower than group C; atroginl, MuRF1, and Beclinl protein levels
and the ratio of LC3II/T in EDL of the group H were significantly higher than those of the group C, and MuRF1 protein
level in the SOL muscle of group H was significantly higher than that of the groups C and P. Conclusions Skeletal muscle
atrophy caused by hypoxia is induced by hypoxia-specific factors, showing that decreased synthesis and decomposition of

skeletal muscle proteins, which is manifested by a decrease in skeletal muscle protein synthesis and a decrease in

decomposition of fast muscle fibers, rather than a decrease in food intake under hypoxia.
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Figure 1 Changes in body weight of the rats
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difference between the groups H and C, "P< 0.05.

Figure 2 Changes in food intake of the rats
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Figure 3 Changes in body weight, muscle mass and

fat mass of the rats after intervention
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Figure 4 Wet weight of skeletal muscle in the rats after intervention
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Figure 5 Muscle fiber morphology and muscle fiber cross-sectional area of the rats
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Figure 6 HIFla protein bands (A) and relative content (B) of skeletal muscles of the rats
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Figure 7 Protein bands (A)
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Figure 8 Protein bands (A&C) and relative content of mTOR, 4EBP1 and p70SK61 ( B&D&E) in skeletal muscles of the rats
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Figure 9 Protein bands (A), relative contents (B, C) and p-FoxO1/FoxOl ratio (D) in skeletal muscles of the rats
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Figure 10 Protein bands (A) and relative content of atrogin land MuRF1(B, C) of the rat skeletal muscles
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Figure 11 Protein bands (A), relative content and ratio of LC3 and beclin lin skeletal muscles of the rats (B, C, D and E)
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[ Abstract]  Objective To investigate the effect and expression regulation of hypoxia-inducible factor alpha ( Hif-
«) for schizothoracine fish under hypoxic environment. Methods We obtained the coding regions of Hif-1aA, Hif-1aB,
Hif-2aA , and Hif-2aB genes for 13 species of schizothoracine fish, endemic to the Qinghai-Tibetan Plateau, using RT-
PCR, then conducted molecular evolution analysis based on the schizothoracine fish phylogeny by comparing the non-

synonymous/synonymous substitution ratios. Gymnocypris eckloni was selected to investigate the tissue expression patterns in

[E£TE 1 ER ARPA LG H (31460094)

Funded by National Natural Science Foundation of China (31460094).

[MEZE BN ] B (1994—) Lo, W -HRF5T A= 09T 5 1] . TR AR W2 Email ; wuluobo55rong@ 163.com
EEEE AR (1973—) 55, 80U 058 07 1l . 3003 Titf% 52E 5% . Email: delingi@ 126.com



434

o E LB S AR 2019 4E 8 45 27 %45 4 ] Acta Lab Anim Sci Sin, August 2019, Vol. 27, No. 4

response to hypoxia. Results The coding regions of Hif-1aA, Hif-1aB, Hif-2aA, and Hif-2aB genes were 2196 bp, 2325
bp, 2544 bp, and 2511 bp in length, respectively. Sequence alignment showed that the conserved proline hydroxylation
motif LxxLAP was deletion in the NODD domain of HIF-1aA in schizothoracine fish, and the mutation from the proline
hydroxylation motif to PxxLAP was observed in the CODD domain of HIF-1aB in the specialized and highly specialized
schizothoracine fish. Under severe hypoxic conditions, the expression of Hif-a gene in the brain and heart of G. eckloni
decreased significantly compared to normoxia control. Under moderate hypoxic conditions, the expression of Hif-1aA and
Hif-20A in the heart was up-regulated compared to normoxia control. Conclusions The Hif-a genes are identified
positively selected in 13 species, but which species under positively selected is not yet clear and needs further study. There
may be two different gene expression regulations for the schizothoracine fishes to adapt to moderate hypoxic environment and
severe hypoxic environment.

[ Keywords] schizothoracine fish; hypoxia-inducible factor; molecular evolution; hypoxic environment
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41 4 W B ( Schizothoracinae ) fa 28 & T-#H 1 H
( Cypriniforme ) , #E%} ( Cyprinidae ) , J& 75 & = J K 42
MRX AP B — 2 0h T L EFK
5000 ~6000 m T AT EWAL 1000 m ZE£47 1Y
R R R A 1~ 12 @3k 100 £
P MR S R R 408 f0 50l 3 2K B, B
B RO AR 2D B R W = AR
TR R s R R AR B
o JEELA R T IR SR AR S SRR R DR
IR B SR (4.0~7. 4 mg/L) P X Fli
Uiy (R 7K AR AR ) 2 0 S ) o3 A AR A7 B S it Ak
B A7 AR TR ZI A s e, R B I 7 T R4NE £6 R
PTE A T = FE R L R AR AR E . BT, X
SR F B9 22 45 v T T 25 00 2 B A ) 2 R AIE
A5 M A SRR N T AR SR AT A R
SRR IR AT 3T R A 1 R0 A 47 26 A7 1) b 22 A
R IRBE B S  E R £ 2R A AR A A K
BT A SR T A AR B R A3 L
i, anid i I 45 T I (hypoxia inducible factors,
HIFs) {55 5 38 42 0 799 A1 56 3L TR A9 5% S E 47K 4 0
2 SR AR AU A TR S22 HIFs 2 —2 R4
P o WL AR BRI B SE A L & — %
REESEN T B W3 MFR 37 7 8 32 IR i 38 2R
Mo o M HIF ME— 9 S0 15 W5, BT ES
T, EYE HIF B3ETE . fERHESh Y &3 HIF-
o FER = /AEAE 3 B RS . Hif-1a Hif-2a F1 Hif-3ex,
H B AT N RS bHLH 258938, PAS 1 PAC 45
Fajdel, SRR Y ODD Z5 AR L 2 C S 67 3 7 ) i
() TAD kg, Hirh HIF-3a fU4 — N-TAD, C-
TAD fk
2001 4, 1 Soitamo %510 PAHT B4 ( Oncorhynchus
mykiss) I SE VIS ) Hif-1o, TEAREN Hif-1a 32

KRS ETF, Rojas %' WBE D 411 ( Danio rerio)
RIS Hif-1a FI Hif-20 KL 91, % 05 HiAth
BHEShY) Hif FeH R EERIR . Rytkonen 2507 BFSE &
PRAE - R e A B R S e R R A
BRI =4 T 6 4 Hif-a 3K .1 A/B,2 A/B il 3
A/B, HETZHH 020 —A55 R AEE N L A&
FR BEIRHa R h A R T IRARF
G R e DA S I £ R £ 2 g A AR K AR B
PR I AL, A 4 B S £ B £ 2 A ] 25 4%
13 MEEY P, 181t RT-PCR 14508 & 0 28 55 S 1
Hif-a 5 ( Hif-1aA/Hif-1aB #1 Hif-2aA/ Hif-2aB )
JEH, I R 1Ak o b TR SRR T A Fh—
PR R FH qRT-PCR keI TR & it
Hif-o FEHAE FEH U R 88 ik — PR
Hif-o H PRI oy D 8 2SR 403 N7 v i) A FH R 3 452 L
il 85 S Al

1 M5

L1 ##
L1 SE5sh¥)

(T e e P R R 13 2 R 2R
XY R, UL 1, HoA IR e 2 i ( Schizothorax
W& 1 ( Schizothorax
macropogon ) JECIEZARE i ( Schizothorax lissolabiatus ) |
VURZNE 111 ( Schizothorax labiatus) A R IRISHE RS
M R4 ( Gymnodiptychus pachycheilus ) KU 25 £
( Prychobarbus dipogon ) A6 2515 /& IR BR 24 i f
( Schizopygopsis stoliczkae ) . 93 #i # ( Oxygymnocypris
stewartii ) | {1 JFAREE ( Gymnocypris waddelli) FHERRZE
B 1 ( Schizopygopsis younghusbandi ) . 1£ BE #f i
( Gymnocypris eckloni ) . B TR B 4 i, 81 ( Schizopygopsis
pylzovi) N33 i WA U5 £ ( Platypharodon extremus) K 5

lantsangensis ) ., B 21 %4
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FERAEIERE . BPAMRAERT, H 100 mg/kg 113G 0 LL 2
F1(C, H,;N,NaO, ) XF # 47 IR, 7 3 B3R 48 13
AYIFREIILA G AR TR A, BT HIF SRR
ok,

TEBEARAE 30 B (RE 2 210 o) RETHIEHE K
W ELE K SR — R ] T fE R I IR T IR
PRASR E WRMT b, SR AL B S SR AR L, K
B HERFIRNEOL

®1 ZEMTRHAIERHEE R

Table 1 Sampling information of the schizothoracinae fishes

ms, SRR KR R L K (o)
Species Locality Drainage system Developmental stage
1R R A HilFRZ HLIR(ERAR AR 242
Schizothorax lantsangensis Zadoi, Qinghai Mekong River Adult
EVIEAY L Kil a5 H e ) A 7L JEAF: 410
Schizothorax macropogon Rikaze, Tibet Tsangpo River Adult
TG 1 W HLIR(ERAR HAF 320
Schizothorax lissolabiatus Nanggian, Qinghai Mekong River Adult
P BN £ P T HL EVBE] EAF: 456
Schizothorax labiatus Ali, Tibet Indus River Adult
JE R R £ T Eel] HAF 276
Gymnodiptychus pachycheilus Henan, Qinghai Yellow River Adult
XU 251 21 P H e ) 5 AT 7 IEAF: 253
Ptychobarbus dipogon Rikaze, Tibet Tsangpo River Adult
SR A PORRLE" S 2 A 1T AR 193
Oxygymnocypris stewartii Lhasa, Tibet Tsangpo River Adult
Ee i PR T L] HEAE 203
Gymnocypris waddelli Langkazi, Tibet Yomzho Lake Adult
TETERR T R IR AR 233
Gymnocypris eckloni Datong, Qinghai Huangshui River Adult :
AR DL Y T H [T HAF 320
Schizopygopsis stoliczkae Ali, Tibet Indus River Adult
R s e AT e o
Schizopygopsis younghusbandi Lhasa, Tibet Tsangpo River Adult
B RR AL A HERGE KR HAF: 13
Schizopygopsis pylzovi Datong, Qinghai Huangshui River Adult
320 i WA 147 £ GREEES B A 400
Platypharodon extremus Madoi, Qinghai Yellow River Adult

112 SR

P2 (25 ¢ = 2lid, %5 8) , RNA Simple
Total RNA kit ( X # ), FastQuant RT Kit ( K#),
Premix Ex Taq® Version 2.0 i 5] & ( Takara),
TIANgel Midi Purification Kit( KA ) , pMD19-T #§ {4k
( RHR) , SuperReal PreMix Plus ( SYBR Green ) it 7
(R,
1L 1.3 S

VA A R 7 A AZ8402 (MK, BT ), AU (5§
IR WL, i VR 5 0L ( Beckman Inc, SE[H) 4
J¥ PCR 9 #44% ( Bio-Rad, £ [H ) , Gel Doc XR +HEK
A& 2 St (Bio-Rad, K [H) , %6 E & PCR 1L ( Bio-
Rad, 2 [ ) ,SX-500 1= H K84 ( Tomy, HAS) .
1.2 A&
1.2.1 & RNA #2508 Hif-a 358 cDNA 514 14

A3 R 13 Fh 48 fo W B 2 LA | D A

RNA, MG & 8 13 S F A9 cDNA 5 —4%, LI 13
AYIFIZLLL cDNA S BA , X Hif-10A  Hif-1aB  Hif-
2aA Fl Hif-2aB SR AT e ke, 5103 2, PCR Y™
BERR T 1 94°C TEYE 3 min;94°C A5 30 s,55°C R k
30 s, 72°CHEA 1 min, J53F 36 Y 72°CLLIENM 5 min,
PCR §" 3 M1 28 1. 0% B BUIRWE B8 L UK O, BEA T
I atift , SR 5 4 A LLEA T 1
1.2.2 F3orHr

¥ 52 U , B Lasergene 7. 0 4 Xkl v
SRy M HEAT 53 B7; B Blastn 74 F2JF (https://
blast.nchi.nlm.nih.gov/Blast.cgi ) #E1 T IA I FEA T4 IR
HeXT; FF DNAMAN 6. 0( http ://www.lynnon.com ) 43+
SIS R A L, 8 8 S 15 0 M 2 B R[] I
;) H Smart ( http ;//smart. embl-heidelberg. de/ ) Fl1
NCBI 1 ) CDD Z 4 7% (https ;//www. ncbi. nlm. nih.
gov/ Structure/ cdd/wrpsb.cgi ) AT AT
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®2 R Hif-a 3£ RT-PCR 514 K qRT-PCR 5149
Table 2 Primers for RT-PCR and qRT-PCR of Hif-a gene in the schizothoracine fish
5|¥) & FR Primers J¥31(5'-3") Sequences & Usage
Hif-1aATF AGCGAAGGAAGGAGAAATCC RT-PCR
Hif-1aAIR AATGCCATCTGTTGTGTGGA RT-PCR
Hif-1aA2F AAATCTGCCTCCTGGAAGGT RT-PCR
Hif-1a A2R TGGGATCTGGAAGAATCAGG RT-PCR
Hif-1aA3F GCCCTCTTCAAGTGTTCTGC RT-PCR
Hif-1aA3R GTAGCTCCTCCCCCTGTAGC RT-PCR
Hif-1aB1F CCTGTCTGAAGATGGAGACAT RT-PCR
Hif-1aB1R TGCACGGGAGCGTTGACTT RT-PCR
Hif -2aA1F CAACTCAGGCCGCACAGT RT-PCR
Hif-2aAIR TGACTTATCATGCCTGTGT RT-PCR
Hif-2aA2F CAACTCAGGCCGCACAGT RT-PCR
Hif-2aA2R GTTGACTTATCATGCCTGAGT RT-PCR
Hif-2aB1F CAAACAGCACCAGCTCACAT RT-PCR
Hif-2aB1R GCGGCTCTTTAAATCCACAC RT-PCR
Hif-2aB2F CAGGGCACCTGAAGGTGTAT RT-PCR
Hif-2aB2R TGTCTCTTGCGTGTCCAAAG RT-PCR
Hif-2aB3F ATGGCCACCACTTTCTCTGT RT-PCR
Hif-2aB3R TGGCCTGGTCTAATGCTCTT RT-PCR
Hif-1aAreal F CCCCACGGCGTCACCTCTAA qRT-PCR
Hif-1aArealR GGAAGGCCCAGGCAGTTGCT qRT-PCR
Hif-1aBrealF ACTGGACCTGGTTGAGAAAATG qRT-PCR
Hif-1aBrealR TGGCTGACAAAGAGTGAGGG qRT-PCR
Hif-2aAreal F AATGGACGGTGAGGACTTCG qRT-PCR
Hif-2aArealR CGTTTGGTGCGGTTTGGT qRT-PCR
Hif-2aBreal F GAAGGTGTATAACGGCTGTCCC qRT-PCR
Hif-2aBrealR CAGGTTCTGGTGGCTTTTGG qRT-PCR
B-actinF GCCAACAGGGAAAAGATGAC qRT-PCR
B-actinR TTGCCAATGGTGATGACCTG qRT-PCR
M13-47 CGCCAGGGTTTTCCCAGTCACGAC 519
RV-M GAGCGGATAACAATTTCACACAGG Sequencing primers

1.2.3  EFEEII5Hr

TEis L2 i HBHAR [R] U % (dN) il
] LR (dS) Z IR LR (w ), FI T SRR A5 A
VEREEIIMER . AN/dS> 1, Wk G 1) 368 AN/dS =
1,00 A H e 6 AN/dS < 1, S gfifb s 5, ST
13 2408 0 B S 1 W R AR A, A ] Paml (9
codeml T2 J¥ #4755 SABLIR 1 00 B, 045 07 sUBBE AR
SCRETRN S A7 s TR AR AT IR L Qi 2
iik, Bayes Empirical Bayes ( BEB) F F 115 # il v
R I IE B 5 A AT REPE
1.2.4 iR

AT v i b K S0 A8 R A 22 53 A1 7 D
TCHHT | PR B S0 6 2 AT 1Y) 4 A R
Fh—FEBERR LT AR A S g0, 1 iz ik R =
Ja BT YRR TP R 30 BB AEBEMLEE | {f /K 754718
K i % (dissolved oxygen, DO) PR FFFE (8.4 =
0.1)mg/L, /KIRTE 10~13°C, TiFE 3 d J&, BEHL R
8 3 RAEBEREE WL LU O E A BEZE 2L S

HEH 24 BAE N EEMALE T 40 L 3K, 1 h
PR E MR EE M (8.4 + 0. 1) mg/L FFEIEE (3.0 =
0. 1) mg/L, Jf0R%F 96 h, BEFE 12 h R4 3 544,
W3 RBAE N EE VAL E T — 40 L ¥R, 1 h
R A M AR 22.(0. 3 = 0. 1) mg/L, IF{7-45 4
h, RAE A 41, A 4 Ak BB SR A T 56 7 25 00 k1
I, KR 70 b SR AR AT T A e B R K4
TR ) FH s firk 4200 7 50 100 WA 9 K AR s i AR vk
JE AR i AR R AR R R 2 H TR

1.2.5 qRT-PCR K AR A 5 5 N Hif-a JE Y
ik

AT AR A IR A R AR A B R B AL 2L
o K ATEEZE 2075 5] $E B, RNA | A 4% i G ik B
G eDNA 55 —55 SR 5 #4720 7 PCR 4041,
W AR 2R 25 wL: 2x SuperReal PreMix Plus 12.5
pL L5147 (10 pmol/L) 4 1 L cDNA it 1
pL.ddH,0 9.5 pl, BEMEEMER 3 K, 4R RA
27T Y L qRT-PCR M 5E B} B-actin R [H 55
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KEAE AR, S IR 2, T RN 5O B
MBI 2 AEARBE SR AT RLRAR I SRR

2 #HR

2.1 BAMHEETHNER Hif-o ZEEF S5

13 MRS Hif-1aA | Hif-1aB | Hif-20A Fl Hif-
2aB FE K 4 1 X A% 1T R )7 91 43 5 R 2196, 2325,
2544 F12511 bp, 35465 731 774 847 836 4
R, U323, 13 Y B4 HIF-o 3 PR [A] 514
93.6% ~ 99. 4% .92. 7% ~ 99. 9% .92. 6% ~ 99. 8% .
93.5% ~ 99. 8%, 5 S HEAR & W Fh 8] [A] U5 1 K T
95% . [fl—¥Fh i HIF-1aA 5 HIF-1aB B9 AH L4
H 50% ~ 53% , HIF-2aA 5 HIF-2aB A9 A L1

54% ~58% , 4B HIF-o H A bHLH 45
F358 PAS Fll PAC Z5#45%  ODD 45495 1) f2 TAD 45
s, FEm R S R A S5 GORN R R S S
R S L s SRR A JEL R R S A R B A S
VERAREFN K =AY Fh A HIF-o 8 ARSI T2
JEF O, 45 B ULE 1, HIF-o N 3509 bHLH-PAS 45
PR 5 B AR ST 1, {H ODD KIS AR: S PEECAR , 45 )
SEAE A I R R S A B, #E 13 N
Fl HTF-oc 2 51 ARG S0 28] 9 4 L < ) O 2 1R 2 35
P F LxxLAP,{H 13 4R FE HIF-1aA ) NODD
PRI B AR S i G I AR AR R AR ISR Y
HIF-1aB B CODD 4543l il 2 iR 2 B AL 7 91 58 748
b PxxLAP,

®3EH G X EAIE R

Table 3 Sequence information of the gene coding region

DS K& " Vo eiiy . o N ] Y
wpy CDSKE HIE or P L (Rt sy OE
Genes Length Amino acids Molecular weight | Conserved sites Variable sites Homology
senes (bp) ' (x10° Da) P served s ’ (%)
Hif-1aA 2196 731 78.93-81. 02 5.15-5.34 2028 147 93.6-99.4
Hif-1aB 2325 774 84.83-85. 68 4.95-5.14 2142 183 92.7-99.9
Hif-20A 2544 847 93.35-94. 10 6.02-6.24 2348 190 92.6-99.8
Hif-2aB 2511 836 89.97-93.26 6.24-6. 68 2336 175 93.5-99.8

2.2 HIF-a 4 Fi# 5

B T2 HIF-1aA HIF-1aB HIF-2A il HIF-
2aB 7RG RO AN RIS R AR R REAE
FHLARSCUA 13 A28 (0 W RHA 2 Y Rk AL VR
WA (K 2),i5 H PAML 4.6 H' CODEML F2 3 1)
SABERY AT R, A 5 B A A & B HIF-
laA HIF-1aB HIF-2aA F1 HIF-2aB 77 7E IF [n] £ £5
fEH (o > 1),BEB 27 it 78 HIF-1a Fl HIF-2a 1
B G AR KT 0. 95 BTSRRI (R 4) .
R IRA A DL B R R R 2 Y
7 AR AR i S, HA Y Rl R T 5 S
35 F AL i, &5 9 7R HIF-1aA  HIF-1aB Al
HIF-2aB H ) A 46 0 21 0 18] PE 647 45 (0 = 1), 1E
HIF-2A kgl ) — A 1E [ BE 47 45 (516 N) ,{H
JE S Z /N T 0. 95,

J T KT HIF-1a 1 HIF-20 T A 2 &
SRR A IE IR BEAE ], AR B HEAT T SR B Sy
Br, G5 5 W HIF-1aA HHLg= #R fa J HAH e 52
(32X 14 ML 18, K 2) JERMERM L (L 9)
IR 7 A fh1 S A 6 3 (52 12 IS 22) 52 3 0E m)
PEHEEAE T, HIF-10B Hil i i WA £ 52 (32 6) 32 %]

VEREVEI, 32 15 132 16 0 ELAT B 2 AN [A] A 1 A
FABEAR ALY Fh 4y SOOFAR K E], HIF-20A
P ORBREE S (3 7) WU 25 #85 ( 32 8) F PG ek 24
[ 052 (32 10) S22 IE M EAE R, H 32 14 FI5Z 16
W EA W BAE R FE L Z . HIF-2aB T AL RERRER
H(ZS)ZBNEEAEH, 16 f13Z 22 L H A
N B3 R v e S (EREN N BT L 7 b s i 2 B N 04
HESIS
2.3 {K|IFST Hif-a BEEKEKIE

FETE FE(RSAANTE 4 h 5, Hif-1aA FE R TETE B
EEENHS PR R A R B E LT (P< 0.01), &%
SN 9. 8 A% 5 T O JIE v Y Rk 1 0 2 B AR (P<
0.01) ; 7EM BRAZL LA SUrp i 3Rk B B A R EEA
AZ(P> 0.05), Hif-1aB FEFTE ML LWL, O F0
i ZH 2 S R (P< 0.01) 5 7EMIZH 21 rh 35k &
I (P<0.05) . Hif-2aA JERTEDNE(P< 0.01) F1
ZIL(P< 0.05) ARk B, HO A
MY IE RN H AR Y 38 % TR U P Rk & 1
FIEMR(P< 0.01), Hif-2aB 3ERFE A NLA LY
Rk BR(P< 0.01) ; 7RO EFK A LU P ik
BETM(P<0.01)(K3),
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GWA-HIFZo® : i 1 148
GPA-HIF20B & 147
SMA-HIF20B : g 1148
GUA-HIFZok &1 148
GEA-HIFZah & 148
SMA-HIPZOM : 148
GWA-HIFlok & 1 147
GPA-HIFloh G S 1 147
SMA-HIFlok : { :+ 147
GUA-HIFloE : 1 148
GPA-HIF108 : 1148
SMA-HIF1GE : 1: 148
GWA-HIFZGE : 1 206
GPA-HIF20B 1 298
SMA-HIF20E 1 296
GUA-HIFZok @ 1 208
GPA-HIF2ahk : 3 298
SMA-HIFZoA : 1 208
GWA-HIFlch :|H TTD-GIKKGVEEER NV : : 294
GPA-HIFlch : HTTD-GIKKGWCEERNVCST 3 1 194
SMA-HIF10A ¢ D-GIKKGVCEERNVC i3 : 294
GWA-HIFloE : 1 295
GEA-HIF10B : RESELTY 1 20%
SMA-HIF1GE : L} : 205
GWA-HIFZo® : SG0YRMLAN \ TV QPOC TV VL W B i =B pk P L -~ RT B0 GEV 415
GPA-HIFZoB : A Rl ) H---HF PSEC GE 424
SMA-HIFZOE : 8L PP L - RE F -GEVLE TR 425
GWA-HIFZok @ LEKe ES0SEASTVIER ED ILE TR 430
GEA-HIFZOA : LFKEfIIC FSQGEASSVSER £D 430
SMA-HIFZoh L PP MO MG EL P0G BASSVS R~~~ === £ ILE 430
GWA-HIPlah 435
GPA-HIFloh : 435
SMA-HIFlok : 1 AR
GWA-HIFloE : 7 1M
GEA-HIF10E : EPRAREKENOEME DEAT EVDILELE REESLGCPRESPILY 1 442
SMA-HIF1GE : DILKLF KEESLEC : 442
ODDD ______NTAD ’

GWA-HIFZOE © SEVABA--—{jSHLEQD— -] MAEMA--TTH va.inss =L 350 ﬁirmn————s CYELTE Bur1coEERSSEIC-GLATH] : 546
GRA-HIFIOE : SAVABA---—{SHPGQD-—---—-—---] MAKMA-~TTERVEQAEASS ~LSSCR PTSVD-~—-5DILVEL WPICOEFESSEIC-GLRTH| : 545
SMA-HIFZGE : SAVASA----{SHSGHDGHE--TSYAGDMAKMA- -TTPRVPOAPIASSTY ~LSSCHT PTSVD- -—SILVELT NPICREDBSSEIG-ALGTH| : 555
GWA-HIFZOS : AQLPYV----([PSWYVNTEP-DGSPDRKLERMPE TPTERRAONESA CBTPCLSEC : SHPICPEERVSHTGRGLNTA| : 570
GPA-HIFZGA : AFLPGY----{PSWVINTPP-DGEF DRKLPNMP TCSTPCLESC L pf VELTALS ~TDSRLI MRHPVCLEEEVEDTGEGLUTA| : 568
SMA-HIFZOA : TRLSVV----APSWVYDTPP-DGSF DRKLFNME- ~STERRPOVPIAGI CIECBTPCLSGL PC5IGE tLvELT b HPICLEERVSDISPGLSTA| : 568
GWA-HIFlgh : MLPSSS PLSS LNDDD-—-AgT SPPDE--R 43 H D IESKIL—FHIOG 542
GEA-HIFlGh : MLPESS e TNDDD—-AST LEGOS SPPD Tf =¥ VBB TMD TES KTE--FHTOG 542
SMA-HIFlgh : MLPSSS §———-——-LHDID-——A8T 0 SEP ol ro v D IESETS—LHTOG 540
GWA-HIFlo® : TPSDSTPVLAKLETGAEDFPE SSA WISt [cravpsoIssErf ROl ATDTEAKTE-~PS30X 575
GPA-HIFloE : TRSESTPVLTELE VIt SELCSE: CPOVD- - ISSEF[LDEVE DTEAKTP-—-FS50N 573
SMA-HIFloE : TESDSTPVLTELETGAEDEPE RIS T G CPOVDSDISSEY DTEAKTE--FS30K 576
GWA-HIFZ0B ..ﬂlﬂ" 1 ¥ T PR DPEE PSRAGHMDE LA RS COTMPANRMEPYE QS B~ - NENEVONTR 1 B8R
GPA-HIFZOB AP IHEGS YHDFAT GMEEDEET P A ATVE YLOSP-~MENFVONTR! 1 687
SMA-HIFZoE : IRGGS THOPAS DEEL A JTVE: YLORP-~MENFVONTR! : 697
GUA-HIFZok ¥ PEF DRESSTH TCEDTAHVQETY Q RTD IRCMDOBSTADE GOACKY TSALE QURPLES FAPAQH VENFEQERSSEFSSS : 699
GPA-HIFZah : % FEP DRESSTR TCRITAHVOFYOT TP UV RIDIRCMDOHSTADP GOACKE TSALP QHRFFESFAPY TAL VANTREERSSEFS3S : 697
SMA-HIFZOA : v PP DHESSTR TSEDHAHVOPYOTAP PSOYERTD IRCHUDHSTADP ROACHT TTALPQURE FESFARV! 1 X 1 697
GUA-HIFloh @ _nni 3068 AP b1 TRT = 1 621
GEA-HIFloh : 5 QT AP D1 VEQNTRT = 51y 1 621
SMA-HIFlok ¥ ,.:# 5 AL ---u*—u———— DIVSYDIVEONTRTTRODRSHET 1D~ —mmmmmmcscaacnay 1 617
GUA-HIF10B L 4iSPAPSPLILACEVCHARY SPRSCTROVSEA 1 669
GPA-HIFleR : S (SRAP "ﬁmmsnsnﬁwsn 1 667
SMA-HIFlo® : 4P L VEQEPESOAPSPL VCHARVSPE 1 666
GWA-HIFIOE : MTMHEEP BT FEE AVMDRKSIE TIALSDI EEHLERRTS IATECERERCE B21

GPA-HIFZOD : MAMNEPP----PT AVMDRKSHETSAL R ETOYSGHQAGQATECPREECCN- ~YREF 1 B2

SMA-HIFIGE : MTMHEPP----PT SCAYMD TSAL QATESPREECCH--YREF B35

GWA-HIFZok : CEPTDIPEVLAPHESAEGHORRMETMNVDSTAFSVRKSEETSVLTDTES CHOSGE VAP-HGCSCSL 1 ez

GPA-HIFZoA : CEPTDIPEVLAPHESADGMORRMETMNVDSTAFSVAKSEE TSVLTITES CHOSGE VAF-HGCS 5L P 844

SMA-HIFZOA : COPTDIPRVYAPHESADGMOERMETMNVDSCARSVRKSEE TSVLTDRES CHOIGLMAF-HG TS0SL PESPSSP B44

GUA-HIF1oh FLETIP-SREATFLGSVIOVVIDEPE 724

GEA-HIFlah : FLETIP-SREATFL VVTDERD i1

SMA-HIFleh @ KLE EAT VIDEPE--KR T 1 [720

GWA-HIFle® : KLE 12 773

GPA-HIFloE : LR LOSVUSAIE e i

SMA-HIFloH : T EANGLSALLOSVISA TEFGRRARVLEVEG 55T 1 [770

T CWA 5 BREE CPA . SR SREJF £, SMA . F AR .
1 HIF-a K& T8 X
Note: GWA: Gymnocypris waddelli; GPA: Gymnodiptychus pachycheilus; SMA ; Schizothorax macropogon.

Figure 1 Sequence alignment of HIF-a proteins
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Table 4 Likelihood and parameter estimates under locus model

S SRkt SRR {E IE 1] (L A
Genes Parameter estimates Likelihood values  Positively selected sites
MO ©=0.56181 4753.99 481* 163N ™ 265G*
Mla p0=0.679, pl1=0.321 4683. 99 402C ** 4951.* 496 1.*
Hif -1aA M2a p0=0.729, pl=0.154, p2=0.117, wl=7.899 4626. 15 5028 * 523p **
M7 p=0.005, q=0.00502 4695. 43 571G* 572R ™" 589R **
K p0=0.89, p=0.005, q=0.021 (pl=0.11), wl=8.417 4626. 27 605G ™ 623P* 6931™
MO w=0.43 4665. 21
Mla p0=0.561, pl=0.439 4637. 1
Hif -1aB M2a p0=0.9727, p1=0, p2=0.027, w1 =36.433 4581. 56 5321" 644T*
M7 p=0.005, q=0.00737 4637. 64
M$ p0=0.999, p=0.005, q=0.007 (pl=0.00097), wl=999 4560. 76
MO ©=0.53 5213.57
Mla p0=0.549, p1=0.451 5177.25
Hif -20A M2a p0=0.558, pl1=0.4408, p2=0.00098, wl =999 5097. 15 39Q* 608P " 749S*
M7 p=0.005, q=0.00747 5178.24
M8 p0=0.999, p=0.005, q=0.0075 (pl=0.00094), wl1=999 5097. 50
MO w=0.459 5084.73
Mla p0=0.611, pl=0.388 5032. 04
Hif -2aB M2a p0=0. 634, p1=0.356, p2=0.00965, wl=286.565 4960. 77 427A: 435p i
M7 p=0.005, q=0.0073 5032. 11 480K 766C
M8 p0=0.99, p=0.005, q=0.00754 (pl=0.00967), wl1=90. 867 4961. 17
A dN/dS
Branch models HIF-1aA HIF-1aB HIF-2aA HIF-2aB
1 0.57 <0.01 0.14 0.16
2 1.15" 0.12 <0.01 0.10
3 0.68 0.93 0.13 <0.01
4 0.49 0.16 0.55 0.71
5 0.21 0.28 0.77 1.26"
6 0.27 1.51" 0.19 0.31
7 0.82 0. 56 3.44" 0.44
8 0.22 0.49 1.31" 0. 44
9 113" 0. 40 0.50 0.71
10 0.53 0.34 1.13" 0.45
11 0.47 <0.01 0.31 Inf
12 1.59* 0.75 2.33" 0. 84
13 0.96 0.19 0. 84 0.55
14 2.94* 0.37 1.99° 0.26
15 <0.01 3.61" 0.09 Inf
16 <0.01 2.33" 124. 44" 1.21*
17 0.17 0.56 <0.01 Inf
18 203.69 " 0.09 0.61 0.12
19 <0.01 0.34 0.28 0.43
20 Inf Inf 0.43 Inf
21 <0.01 0.20 0.33 0.32
22 2.09" 0. 86 Inf 324.53"
23 0.78 0.45 0. 64 0.52
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(] MRS (Gymnocypris waddelli)
P (Schizopygopsis vounghusbandi)
BT (Schizopygopsis pylzovi)
HEBBFE (Schizopygopsis stoliczkae)
EBEHEE (Gymnocypris eckloni)
Boh MWt (Platvpharodon exremus)
® RBREE (Oxyeymnocypris stewartii)
WA -2t (Prvchobarbus dipogon)
JEERAER (Gymnodiptychus pachycheilus)
AR (Schizothorax labiatus)
EAB A (Schizothorax macropogon)
Bt (Schizothorax lantsangensis)
BB (Schizothorax lissolabiatus)
;A AR & HIF-1oA HIF-1aB HIF-2aA I HIF-2aB [ o H,B P4 L R5 24 A TREREW LWHRS, * FR o AR
T 1, Inf FIRANL AN (2 0, HorP o (3RS AR OB 5[] 3OS LU, N R B F YRR U e, B 2 13 MR G TR
EMRGEREW,

2 DBAREATWFAENRGELER
Note. A is a phylogenetic tree of 13 subfamilies of schizothoracine fishes. B indicates the ® values of HIF-1laA, HIF-1aB, HIF-2aA and
HIF-2aB. The numbers in B refer to the numbers on the phylogenetic tree in A. The symbol * indicates that the w value is greater than 1,
and Inf indicates that the corresponding dN value is 0, where the @ value indicates the ratio of nonsynonymous to synonymous substitutions
and dN indicates nonsynonymous substitutions at codons.

Figure 2 Phylogenetic tree of 13 subfamilies of schizothoracine fishes

[ #¥ Normoxia

140 O MW Nemnoxia 3sr B R Sevens hypoia
.
) .

8§ 120l W SRR Severe hypoxin § 30l ’
% ol
H e ot #HE 15t
#E % o
- o o
E Z &D EE M0f
= 3 = =
z & =z B
& = 60 == |5F
EZ EZ
- = g
EE 40 2 E 1D} i
3 L3
e - ==
TR 0 =31 03

- ]

= ~ _ | = .

F18l Ll B L] an | =118 LB B L] AL

Whate muscle Heart  Brun li-:'||] Red muscle White muscle Heart  Brn Gl Red muscle
WA - vo CIHH Nomoxia 160 " I # ¥ Nomoxia
2 450 W RS Severe hyvpoxin E 140 B S Severe hypoxin
CERET LR
HE M oE 1200
B g 30 g
= 2 o0 = ¥ 100
- %5
Z 2 250 z B 80}
of o [ o
EZ WO} EL got
w B g B
2 E 150 i E
@ T = 40F
EA 100t =3
:"‘:f 50+ o ‘-% 40 :
el i Ml e Ml Anfs"Ns Nn
el CHE B fg £ (=118 B B ] ELAL
White muscle Hean  Brain Gill Red muscle White muscle Heam  Brain Gill Red muscle

T B O 24 IR & AU R 5 (n=3) , S WAL LT B3 (™ P< 0.01, "P< 0.05) ,

3 EEERAEURHE SR T AL BRI E A S Hif-o BRI RIAH
Note. Significant differences between tissues were analyzed by one-way ANOVA (n=3). Compared with the normoxia
control group, the asterisks indicate significant difference ( ** P<0.01, *P<0. 05).

Figure 3 Expression of Hif-a gene in main tissues of Gymnocypris eckloni under severe hypoxia and normoxia
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HREEARET , AEBERR AR A 20 Hif-1aA 1936
IKEETE 48 h A F 5y, IF Hog 0 h A 2.2 1% Bl
JaZeik i AR T (P< 0.05) ;1 Hif-laB ik M
0 h JFEAZ T i, 7E 48 h AR, H 72 h (5%
KRR E T 0 h(P< 0.05) ; Hif-2a4 FikfE H
FE 48 h M1 72 h Wi 3 B 76 84 h AR A R
FTFH(P< 0.05) ;1 Hif-2aB TEMGZH L i 283k
TE 12 h 136 h B & & F 0 h, HLAE 48 h BF k&
e, B G AR 2R T, O IEA S Hif-1aA
fIFIARETE72 h f96 h BEE T 0 h(P< 0.05);
1E 12 h B} Hif-1aB F Hif-20A WFEAE iR, H Hif-

(a) 30 A

=

mRNAHIRT ik i

Relative mRNA expression
el

CET I I T T ITTTTTT
(L
FITTTTTTIITITTITIITIIII

PTTTITIIIT

24 36 48 60 72 8
At (8] Exposure time (h)

(c)

mRNAK A Zeikdit
Relative mRNA expression

(e) 6.0 -

mRNAFR F2id fit
Relative mRNA expression
=

2 [TOTI— 1

0 1 24 36 48 60 T2 84

AbE 1B Exposure time (h)

204 FIAEAE 96 h B4 0 h B3 i (P< 0.05),
B LI Hif-1aA 1932382 BR 36 h AMHoAh ) B
¥Im T 0 h B3k (P< 0.05) ; Hif-1aB Fl Hif-2aB
FE R A F IR AR 36 .84 F196 h B FEARREFEAAE (P>
0.05) , HAthAF A Bt i 3 i (P< 0. 05) 5 Hif-20A 11
FIRETE 12 h 136 h KiEHEFFEML(P<0.05), H
LALLM 36 B Hif-2aA f 38 35 i 37 37
E T HAL = AL AR 48 h IR IA R iR Hif
laA Fl Hif-20A FERAEA A BB RIXE S 0 h
ALY IR AL (P> 0. 05) ; Hif-1aB 45~ [] B
FFIA R 0 h I ERIA R B E TR (P<0.05),
(b) 7.0
6.0 F
5.0

40+

mRNAF R FA

Relative mRNA expression

LEFRET(E] Exposure time (h)

mRNAM X A B

0 12 24 36 48 60 72 84 96
AEEERFE] Exposure time (h)

WA
Il Hif-1aB
B= Hif-2aAd
Hif-2af

TEa: b DM e B8 d: L e 200, SR PRI T-07 22 0T RGN A% A ZE A RE R R GK 1 22 53 (n = 3) , AR FREROR

2583 (P<0.05),

4 HREEARAEURNE A T AR BEAREE B S Hif-o BRI TR
Note. a: Brain. b Heart. ¢; Gill. d; White muscle. e: Red muscle. Significant differences between tissues were analyzed by

one-way ANOVA (n=3). Different letters indicate significant differences (P< 0.05).

Figure 4 Expression of Hif-a gene in main tissues of Gymnocypris eckloni under moderate hypoxia and normoxia
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LI Hif-1aA Fl Hif-20A FERTE 72 h Fih&E
B, 0 Hif-1aB F1 Hif-2aB 32358 1E 24 h-96 h B
[ B3 0 h ¥TEH Bk (P> 0.05) (K1 4)

3 g

1025 BAT Rl PR3 R Hif-aA 1 Hif-oB I 5 A2
HIF-o SEPRLEATAR & (AR UM | TR B £ 25 TP () Hif-o
FEPR AT B 7 S I IR G ek P e A AR T
ZU16 1037 B} 025 HIF-aA 1 HIF-aB 2 508 751 K
JE 5 R H Al £ 35 a0 6 f0 ( Hypophthalmichthys
nobilis ) . B8 i ( Cyprinus carpio ) . # £ ( Carassius
aumtus)&ﬁf%@%i‘*ﬁ,#ﬁﬁ bHLH % #4) 1
PAS Fl PAC Z5#35, . ODD 45 #938 L) &2 TAD Z5 #g3,
H i K 2Bl 0 28 7k Horp — A R R L ) )
R T HE AL, L L EKY] HIF-aA F1 HIF-aB 7£
B A A R T R B s B R RS 5
HPE A= Tee—8, AR T 13 3
Ji th R R Y A Hif-1aA | Hif-1aB | Hif-2aA Fl
Hif-2aB SR 4t X 524 741, Ho N %9 bHLH-PAS
SERE R 5 FEAR ST Y, {2 ODD 25 My S A S PR A IR
R ) AR A T R o Ak 7 S5 B3 . HIF -
I 1) P9 < 18 Bl 20 BR P2 L7 371 Lxx LAP , {HAE
13 MFh HIF-1aA (19 NODD FR G I 3045 S ke ke 2
I HARAE KR B R 1 2408 €6 19 HIF-1aB 5 CODD
SER I I AR PR AL T 51 5248 O PxxLAP, HIF
FRIEAE AR 5 A 3 v 32 SRR M T I R A
it ( prolyhydroxylases , PHD) FE a2 . TEMEFL
Y, CODD 45kt Pro-564 J& PHD 5 HIF-1a
SEA M EEAETY, B SR, PHD KIS
HIF-a B A SZ 2D, N5 HIF-18 JE 5 U5
TR, 454G DNA ) B R E SO T LS T
T DR A 2% 2k R A I AR0RE L 1k S 8 fR e ]
DAHEWT, &A= 76 ODD X8 () RO FRE S 2878 1T B
B N A0 R0 A I A N AR I

H A, X T 240 £ 0 B0 2 HIF-o 43 F L iF
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TETE A2 B IE B AE FH 0 2 1R 067 A, HLS Stk
RRF0.95, [FIET, AR HIF-o 7ERHIE S
b BERR A5 1 R FLAH 5 S HAT B J AN (] 7
R (H BRI R o SO AR RN B 752 -
D7 STR A A A b DL BE R AR A G PP AR S A
S ANAE HIF-20A TAEFEIE ML BE ., HILAE
K, HIF-a 78 13 AN Y Fh ] A2 48 1E [ 3 B4R H L B
HIF-1aA HIF-1aB F1 HIF-2aB {46 I 3] 45 1k 25 2%
SRR R S N AR R AR L, BRI Rl oy S
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A1 HIF-200 P35 HA A R 3006 N TIE B T 45 A
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FEFH S P 25 LT, BAE R S AT, Hif-2aB
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N B IR A SRR 12 h F196 h B
HREFREE, FEARRIHLHP Hif-a mRNA ik
AR, AT RE AR X A U AN [A] kAR R IR 1 B3l )
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Effects of chronic PM2. 5 exposure on lung inflammation and NLRP3
inflammasome activation in C57BL/6J mice
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[ Abstract) Objective  To study the effects of chronic PM2.5 exposure on lung inflammation and NLRP3
inflammasome activation in mice, and to provide a new target for prevention and treatment of lung injury caused by PM2. 5.
Methods Male C57BL/6J mice were exposed to two doses of PM2. 5 by tracheal instillation [ 2, 10 mg/(kg.bw) ], and
the control mice were instilled with normal saline. After mice had been instilled for 20 times (1 time every 3 days) , blood
and lung tissues were collected. Blood cells were counted, and lung tissue macrophage levels were measured using
immunofluorescence staining. Interleukin (IL)-1@ and IL-18 levels and caspase-1 activity in lung tissues were determined
using ELISA and caspase-1 activity measurement kits. The expression levels of NLRP3 inflammasome-associated mRNA in

lung tissue were detected using real-time PCR. Results The two doses of PM2. 5 significantly reduced the percentage of
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monocytes (P< 0.01) and induced lung inflammation. The PM2. 5-treated mice had a higher percentage of neutrophils ( P
< 0.01), a higher in caspase-1 activity (P< 0.01), and a higher in mRNA expression of NLRP3 and ASC (P< 0.01) in

lung tissues compared with the control mice. IL-1B and 1L-18 levels in the lung tissues of the two PM2. 5-exposed groups

were significantly higher than those seen in the control group (both P< 0.01). Conclusion Chronic PM2. 5 exposure may

induce lung inflammation by activating the NLRP3 inflammasome in the lung tissue.
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1 =4/ Z F4/80 Fib Gl (g tg(t ,x400)

Figure 1 Expression of F4/80 in the mouse lung tissues of three groups( Immunofluorescence staining,x400)
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Figure 2 Effects of PM2.5 exposure on IL-1B, IL-18 expression and caspase-1 activity in the mouse lung tissues

=

49 3 1.5 -
< 3 : z
.
% > % 10
- 4 pe 7
o £ 2
z b 2051
14 o
LU -
Fig ] SRRz o (it HHLHl SER P2 5 BBz S 2l SRR FERPM2 S
Conirel  Low-dose PMI 5 Hight-dose PAZ S Comtred  Low-dose PM2 2 Hight-dose PMI 3 Contredl  Low-dose PRI 5 Hight-dose A2 S
1::A. Jifi NLRP3 mRNA 7KF-;B. fili ASC mRNA 7K°F-; C. ifi Caspase-1 mRNA 7K 5 %5 B4 L 4%, *P<0.01,

3 PM2.5 BEN /NS NLRP3 RAE/IMAAHCIEIN mRNA ZRiK ) 0
Note. A. NLRP3 mRNA. B. ASC mRNA. C. Caspase-1 mRNA. Compared with the control group, "P<0.01.

Figure 3 Effects of PM2.5 exposure on the mRNA expression of NLRP3 inflammasome-related genes in the mouse lung tissues
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Alterations of articular cartilage and subchondral bone in
different rat models of osteoarthritis
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[ Abstract]  Objective To study the pathological changes of subchondral bone and cartilage in different osteoarthritis
(OA) models. Methods Three Sprague Dawley (SD) OA models were used and twenty-four female rats were divided into four
groups randomly; control group (Sham, n=6), anterior cruciate ligament transection operations group (ACLT, n=6), papain
joint cavity injection group (Papain, n=6) and ovariectomy group (OVX, n=6). After 8 weeks, all knee joints were extracted.
Subchondral bone specimens from tibia plateau were scanned, and trabecular parameters were obtained. Articular cartilage
specimens were stained by toluidine blue, and OA was scored according to Mankin’ s histological grading system. Results  After
8 weeks, the OA severity of cartilage are different for different OA models. Severe cartilage damage was observed in the ACLT
and Papain groups. Only mild cartilage damage was occurred in the OVX group. Subchondral bone in all OA models also changed
at week 8 post operation. Subchondral trabecular bone in the OVX group became looser than the Sham group. Subchondral
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trabecular bone in the ACLT group and Papain group didn’t change significantly compared with the Sham group, but had

significant difference from the OVX group. Thickness of subchondral bone plate in all groups became thinner than the Sham

group. Conclusions Both subchondral bone and cartilage changed with OA progress for all the three OA animal models. Those

alterations in different OA models are different, which implies that subchondral bone might play different roles for different types

of OA. This study will provide us more evidences to further investigate mechanisms of different types of OA and more insight to

treat subchondral bone as an OA therapeutic target.
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Figure 1 Histological changes of articular cartilage

in the rats( Toluidine blue staining)

FRAE Mankin 5% F AR5 8 J& (1445 41 #& 1
AT PRy, & AL 45 A TOIE 4y W BT SR 1 T4
MK 2 R, XFTFORE B OA BERL R J5 8
JEI B, AR B B 40 Mankin PF 40 %, B0CH
WS B K ™ 8, OVX 2 Mankin PF 4> Fe %, 4 52
IHBE OVX 2046, 5 Sham HAH %8, A B #H
PEES .

2.2 AEOAHBAERBIEEAKETEERNESH

OVX 2 5 IE % X B4 40 b BV/TV B i, %%
ACLT AW AL, H¥ A St =2 5%, OVX 4 5X%f
FRYLA ACLT FAR A Lo /NI B BERE K, P
P mEM R B/NRIEE ACLT FARYH ]
AR, OVX AR AR, A IV AR 1 I 3 S 20 55 %) B2
ARG, —H5X A ML 27 TR EM, oVX
A/ NRRCE S H A = M LR, A58 B
PE, ACLT AH3/NEEBRE B/ R W3
{5 T Papain 4, /N34 B 8 /N T Papain 41,
SANSEG A 5 X AL AR R AR AR
ZRAREE, (K3,K4)



T E SIS BN ER 2019 4F 8 A% 27 %45 4 ] Acta Lab Anim Sci Sin, August 2019, Vol. 27, No. 4 453

R 1 45U Mankin J7 % OA W3 (xs)
Table 1 OA scores of all groups by Mankin’ s histological grading system(x+s)
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Figure 2 Mankin OA scores of articular cartilages in all groups
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Figure 3 Micro-CT images of subchondral bones

of different rat groups
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Figure 4 Trabecular analysis of subchondral bone by Micro-CT imaging
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[ Abstract] Objective To get the full-length presenilin-1 (PSEN1) ¢DNA encoding sequence and analyze its
molecular characteristics. Methods Full-length PSEN1 ¢DNA was cloned from total RNA from brain tissue of tree shrew
by RT-PCR and RACE-PCR. The molecular characteristics were compared with PSEN1 in other mammals and evaluated
using biology softwares such as DNAMAN, MEGA and others. Quantitative reverse transcription PCR and western blot
assays were used to examine the mRNA and protein expression pattern of PSEN1 in various tissues of tree shrew. Results
The open reading frame sequence of PSEN1 was 1128 bp and encoded 375 amino acids. We constructed a phylogenetic
family tree and compared their PSEN1 amino acid sequences. Tree shrew PSEN1 was closer to humans and non-human
primates than mouse and rat. The expression of PSEN1 mRNA and protein was obviously higher in the brain than that of

other organ tissues. Conclusions We successfully cloned the PSEN1 gene in tree shrew and provided comparative analysis
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with other species. These findings provide a theoretical basis for further study on the function of this gene and the

establishment of animal models of Alzheimer’s disease ( AD).
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Table 1 Primer design of the tree shrew PSEN1 and GAPDH
A F3(5°103") 2053

Primers Sequence(5’to 37) Groups
5’ adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGCCCCCCCCCCeeec ks
3’ adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTT Adaptor primer
21
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Kit M-MuLV 1200 & — 25 B i 5% S i eDNA |, I £ B
FEH 4] DNA V5%,

(3)¥i8 PCR

L) 37 adaptor %S5 110 cDNA AR, R
FH# 1 f PSEN1-F 1 PSEN1-R H[a] 5509 85| 9y
#1 TaKaRa Ex Taq® Hot Start Version {7 & #1735
i PCR, HATHEEHJAE, TEHZ4:95°C 3min;94°C
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ATG GTG GTG GIT GTG GCT ACC ATC AAA TCG GTC AGC TTT TAT ACC CGG AAG GAT GGG CAG
MY V VvV V A TTI K SV § F YT R E D G Q
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TTG CTG TTC TTT TIT TCA TTC ATT TAC TTG GGG GAA GTA TTT AAA ACC TAT AAT GTT GCT
L L F F F 8 F 1Y L &G E V F E T Y NV A
GTG GAC TAC ATT ACT GTC GCA CTG CTG ATC TGG AAT TTT GGG GTA GTG GGG ATG ATT TCC
vV DY 1TV A L LI W NVFOGV V G MTI S
ATT CAC TGG AAA GGC CCC CTG CGA CTC CAG CAG GOG TAT CTC ATA ATG ATC AGT GCC CTC
I H W K ¢ P L R L Q Q A Y L I M I 8 A L
ATG GCC TTG GTG TTT ATC AAG TAC CTC CCT GAG TGG ACG GCA TGG CTC ATC TTG GCT GTG
MA LV FI K Y L P EWT A WIL I L AV
ATT TCA GTA TAT GAT TTA GTG GCT GTT TTG TGT CCA AAA GGT CCA CTT CGT ATG TTG GTT
I §s v Yy DLV AV L C P K G P L R MIL V
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b G 6 F §s E E W E A Q R D S H LG P H R
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s T A E S R A AV Q E L 5 3 351 L A § E
GAT CCA GAG GAA AGG GGA GTA AAA CTT GGC TTG GGA GAT TTC ATC TTC TAC AGT GTT CTA
D PE E R G VXL G L G D FT1I F Y 5 V L
GTT GGA AAA GOC TCA GCA ACA GOC AGT GGA GAC TGG AAC ACT ACC ATC GCC TGT TTC GTA

vV G K A 5 A T A 5§ G D W NTT I A C F V
GOC ATA TTA ATT GGT TTG TGC CTT ACA CTG TTA CTC CTC GCT AIT TTC AAG AAA GCG TTG
A 1 L 1 G L € L T L L L L A I F EKE K A L

CCG GCA CTT CCC ATC TCC ATC ACC TTT GGG CTC GTT TTC TAC TTT GCC ACA GAT TAT CTT
P A L P 1 § I1 T F G L V F Y F A T D Y L

GTG CAG CCC TTT ATG GAC CAG TTA GCG TTT CAT CAG TTT TAT ATC TAG
v o Q P F M D Q L A F H Q F ¥ 1 "

B 1 #i PSENT 2 H R 75 Kt N 2R

Figure 1 Nucleotide sequences and corresponding amino acids of the tree shrew PSEN1
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Figure 2 Phylogenetic tree of the tree shrew PSEN1
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Figure 3 Comparison of the PSEN1 amino-acid sequences
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Figure 4 Expression profile of PSEN1 mRNA in the tree shrew
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Figure 5 Expressions of PSENI1 protein in the tree shrew
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Biological properties of porous composite material HAPw/n-ZnO inplanted
into the back muscle of tree shrew
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[ Abstract ) Objective  To explore the biological properties of the porous composite material HAPw/n-ZnO
implanted into the back muscles of tree shrew. Methods Fifteen healthy 12-month old male and female tree shrews were
selected, and each of the back muscles were implanted with porous composite materials, including HAPw/n-Zno, bio-oss
bone powder, ATLANTIK artificial bone, and domestic product Jinshi Zhiguling artificial bone. Four animals were randomly
sacrificed at 4 weeks, 8 weeks, and 12 weeks after surgery, and the gross observation, histopathological examination,

alkaline phosphatase activity ( ALP) , and calcium content were determined. Results The pathological examination using
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HE staining revealed calcification in the muscle tissues in both of HAPw/n-ZnO and control groups. Obvious inflammatory

cell infiltration in the muscle tissues was seen in the experimental group. Masson staining showed green-stained collagen

fibers around the implanted material in both the experimental and control groups. There were significant differences in the

alkaline phosphatase activities and calcium concentration among the experimental, Jinshi Zhiguling artificial bone, and Bio-

Oss groups. The result of Jinshi Zhiguling artificial bone and Bio-Oss groups were better than the experimental group, and

there were no significant differences compared with that of ATLANTIK artificial bone group. Conclusions The four kinds

of materials have osteogenic activity in the back muscle of tree shrews, with no heterotopic osteogenesis, and induce

inflammatory reaction.
[ Keywords)

reaction; tree shrew
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ATLANTIK A T4

ATLANTIK artificial bone group Experimental group

SRR R A

Bio-Oss group Jinshi Zhiguling artificial bone group

1 RJ5 8 JERLARTELE FE A JULIA 2 2L s Bk 2% (HE B 65, x400)

Figure 1 Histology of the muscle tissues around implant material at 8 weeks after surgery( HE staining, x400)
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ATLANTIK artificial bone group Experimental group

S tiE R A
Bio-Oss group Jinshi Zhiguling artificial bone group

B2 ARJ5 12 FRAR R E LA H L 2H 2808 (HE 348, x400)

Figure 2 Histological changes in the muscle tissues aound the implant material at 12 weeks after surgery( HE staining, x400)
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Bio-Oss group Jinshi Zhiguling artificial bone group
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Figure 3 Distribution of collagen fibers in the bone tissues at 8 weeks after surgery( Masson trichrome staining, x400)
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ATLANTIK artificial bone group Experimental group

Bio-Oss#l
Bio-Oss group

4 ARJE 12 FENLA L B LR 4k 43 A ( Masson = AL x400)

Figure 4 Distribution of collagen fibers in the bone tissues at 12 weeks after surgery( Masson trichrome staining, x400)
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®2 FANAHABPE G EAEARBEGGZL( 2+ s, pg/mg)

Table 2 Calcium content in the muscle tissues in each group at different time points ( x + s, pg/mg)
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Exploration of an individualized anesthesia method for non-human primates

ZHOU Zhigang'>, DUAN Zhigang', WANG Hong'**, GONG Nannan'?, LIU Jie'"
CHEN Xinglong' ,ZHUO Yan'?,ZHOU Yin"* ,ZHANG Ting'* ,CHEN Yongchang'**

(1. Yunnan Key Laboratory of Primate Biomedical Research; 2. Institute of Primate
Translational Medicine, Kunming University of Science and Technology, Kunming 650500, China)
Corresponding author: Chen Yongchang. E-mail: chenyc@ Ipbr.cn

[ Abstract]  Objective To meet the individual anesthesia requirements for different surgical procedures for non-
human primates that can replace or reduce the use of ketamine. To this aim, we compared the effects on body temperature ,
heart rate and blood oxygen saturation of ketamine, Zoletil, Sumianxinll, pentobarbital, and their combination anesthesia
in monkeys. Methods Fifteen healthy female cynomolgus monkeys were divided into the following five groups: Zoletil
alone, Zoletil + Sumianxin I, ketamine + Sumianxin II, pentobarbital + Sumianxin II groups, and ketamine alone as a
control group (n=35 per group). After the monkeys were anesthetized, the heart rate, body temperature, blood oxygen
saturation, induction time, and maintenance time of anesthesia were recorded. Results  There were no significant
differences in heart rate, body temperature, blood oxygen saturation, or induction time between the control group and

experimental groups. The maintenance time of each group ranged from about 30 to 200 minutes. Moreover, in general
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anesthesia of non-human primates, ketamine can be replaced by Zoletil; Ketamine combined with Sumianxin II can achieve

a longer maintenance time and a reduced dose of ketamine; Zoletil combined with Sumianxin II and pentobarbital combined

with Sumianxin I can also replace ketamine, and the maintenance time of these combinations is longer than ketamine.

Conclusions During certain operation duration, the combined administration can reduce the dosage of ketamine, and the

flexible use of different anesthesia method can meet the individualized needs of different maintenance times in general

anesthesia in non-human primates.
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W7E 6~10 % Z [8], FH T 11 S g i Fn H A 3 B



o [ SEIR B4R 2019 4F 8 H 45 27 545 4 ] Acta Lab Anim Sci Sin, August 2019, Vol. 27, No. 4 475

FHA 4 SRR 259 (&7 28 BIROET I e e 2 5M)
a2 A B A R IR O I AR R B R
FrAZh R A = mE R R A S A ) 5 A i S
5% [ SCXK (7E ) K2015-0003 ; SYXK (7 ) K2015 -
0005) ., ZhHRMIEFAE— D AR T (IR EE
18~26°C 1B 40% ~ 80% ) , ) 35 1 15 it Kz & 2 A
FERAR P U Sl TS i 7/ I B i Y NI e A
( AAALAC International ) B9 58 2 AIIE, XL KL =
MR R KA Y B F SR E LR sh Y e B
Z & (IACUC) # & A (W5 H
LPBR201801010) ,
112 a5 s

FBAT . £ R S R 3 S W (R 4 R IR
JE”,2 mL:0. 1 g) , VLR Fh 45fs B 24 M A BR 28 W) A=
77 B3R (Zoletil, B 5 mL, &R ALH 125 mg A
MR PP 125 mg) , 1k [ 4 50 A FR S F] ( Virbac S.
A AT B F 20, 18 R e W AR T AR Y
RS 0. 9% SEALEN TS W 4% 40 mg/mL /4 LL 441 Fic
Tl 4% TR A VT S RIRB T1 3 5 9 ( 45 “ Ehig
FERIWETESIIE” 1.5 mL:0. 03 g) 75 bR Stk i %3k
B2 A BRA R A7 95 3 S TR (X 48 “ #hR
FEWRTESI 2 mL:0.03 g) , i MR SAk T % ik
B 2h A RS A 7 5 B R B 4G it T S (1 mL
0.5 mg) , 1 F % 2L A A7 PR A Rl A 77

FHALES - SurgiVet V9201 4255505 P AL,
AT RS m AR P (D) 5 K AR B 3R IR R T (DU
WL 35~42°C) , LA BR R 97 i & B A PR
AAE
1.2 FHi&
1.2.1 4y4

SR £ APk B FAELIR A FHARR 0 52t | % e g
RY MRS N RN B AR D, PR e
BRSSP TR 1 7 S8 A S o BRAH, BB AH Y O
SR AR R EE AR AE i 2 bR ke H b4l
A 5 2 LU, 45 22 5 A S 285 DO R RR ey 8 22
4 ARk, BHATRE 5 HSAEMEE R,

Sy R 5 AR B2 . O fel T SN, LT
M 0.2 mL/kg; SCHRZH 1. SR HIET 28 WL, 71
0. 05 mL/kg; SCHG AL 2. SUMEHR & & A AR 1T, 43
S, EMeEAF 0. 1 mL/kg, BEHRHT I 75 0. 05
mL/kg; LI 3. K7 A 5 G HIRGE 11, 43 I WL, &
ZFH 0. 05 mL/kg, BARHT I 7 & 0. 05 mL/kg; 5%
B9 2H 4. e T 22 A2 A IR 11, 2 WL, et

L Z4M 5 & 0. 2 mL/kg, #HRHT 1T 57 & 0. 05 mL/kg,
1.2.2 25245 ) 5

W A S A A () 45 1 3 oy 1 ) 5 — ]
ZNZHRIZRET 12 h, 28K 2 h, S2EGHT 20 min #2118 0. 05
mg/ kg )70 12 0 S A R BT FE o , LA B L 0 T B PIX
SEEL, BEAEIURTC ST, B R T 0 A 5E
SRR, 25 56 25 ) 58 4 R I 22 1] 1) (] B 20 A 175
W1, TR IR E A 52 4RI 21 56 — W B A =48 3h 1
AFTA] AR RIS . 58 RIS 15 ~20 min Z A A
UL 44 S A I B A ) S5 R i S A N ()
sk P I B 00 o L iR B (B R D F 3 min)
1.3 $it=EFHiE

SEGE I FH Y Y8 + bR fE 25 3R0R SR SPSS
17.0 GEit o A b BERECHE | AT S s 2k 1 7 B R 3R
7225307 (One-way ANOVA) 431, ¥ 56 45 B P<
0.05,P< 0.01,P< 0.001 YE RG24 L2 5 H
PRt

2 &R

2.1 EXWFRIVLEREER.OX DRBME
=apA!

G AL R, BT AR AL G TR + 3 R 1T
2l EPZ+ R 1141, 56 22+ AR 11 2 7
PRI L I TR RN B /K 350 B 25 S (P
> 0.05) , ULEHIX LRI 775 T, £ B 19 A= i ik
TIE-5 PR (7 ] S0 e ] JR 5 S AELRL 1), BB RS S 7R
ERI0) RIS € ST [ R R eyt B UE38 I N
2.2 EBEXWHRFSHMREBHNLLE

5N ZE A, oAt A% S e Al AR 5 5 0 A
HHAL (P> 0.05) ; &7 2 417 R 1 5 SN TR 21
AHIE (P> 0.05) , U+ RGBT T 41 &7 28 + 33 HGHT
I 203G B 2 Ak + RGBT 26 A R e 300 0] B 8 <
TAMEERIZH (P< 0.001) , BI AT H& AL 5 K A B e 4 45
IE (£ 2) o
2.3 —SUTRERBRDBRNREAR

RS R KSR, RATN 7 B
By D A TR IR & (R 2 Vs a3 1 H —
) ) B2 e A3 38 MRT 47945, 2RV 471 44 B 18] 2 100
min, —MTESEREREIEE 5 min LA b, 712 HR 5257
PG FRREBINLAS L, A A b Sk 38R F A B
MRS AN 2, MR EIG 7R bR e 240 A /N 1 F
AR LA Skl thsg , BG4
TR AR T S R 0 A 30 FR TR 1 1AY HL 4R
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TESHRPUNE 3 5, TR 3 SEVMRIKE A £i8
ZhZ [ A TR R, 3 3 s T MR RR 5

%

(825 03] it LA B D I T £ U

=3 WD S ST IR SN =R (R ER DRy

Table 1 Comparison of temperature/heart rate/blood oxygen saturation in different methods

5 PR (C) £># (bpm) M4 HLFIE (%)
Groups Body temperature Heart rate Blood oxygen saturation
/=5 e
;LH#P.EH 36.70 + 0.21 186.2 + 25.24 89.4 + 7.50
Ketamine
/rﬁ?j:g 37.06 + 0.49 179.60 + 15.08 92.60 + 0.49
Zoletil
= A ¥
sﬂﬁ?@ﬂ+ﬁﬁﬁ.¥ﬁ H 37.32 + 0.58 117.00 + 17.53 90.60 + 5.54
Ketamine + Sumianxin IT
R+ R F
§j”.4\+1§EHR'3Cﬁ].I 37.12 + 1.32 147.00 + 18. 31 89.80 + 6.27
Zoletil + Sumianxin IT
PR P B ST I 36.82 + 0.32 112.40 = 17.96 88.60 + 3.26

Pentobarbital + Sumianxin I1

T SR He e, P> 0. 05,
Note. Compared with the ketamine group, P> 0.05.

R2 KITFRFEFWHRBWILE (2 £5, 0 = 5)

Table 2 Comparison of the induction period and anesthesia period in each group ( x £s, n = 5)

WAl 75 (min) RIS ( min)
Groups Induction periods Maintenance period
SAHEER Ketamine 3.6 +0.80 30.4 £4.94
FF 28 Zoletil 2.8 +0.75 30.60 +7.09
SRR+ HRGHT T Ketamine + Sumianxin 11 4.20 £1.17 100.0 +14. 88 ***
P2+ HR T 1 Zoletil + Sumianxin 11 3.00 £1. 10 109.20 +9.28 ™
S 4+ 33UIRGRT 1T Pentobarbital + Sumianxin 11 9.40 +3. 14 213.20 £30.87 "
T SR, ™ P<0. 001,
Note. Compared with the ketamine group, *** P<0. 001.
R3S UUT R AR AR T 5

Table 3  Anesthesia method for infant cynomolgus monkeys under 1 year of age

T FEAME e B o EAKE P B K
(month) ( ke) (ml/head) (mL/head) Dose ( mln.) Maintenance Il mlr.l) (min) .
Month age Weight Dose of of method A Indut.éllon period Recovery time Recovery time
method A period of method A of method B
1 0.42 £ 0.07 0.1+ 0.05 0.05 + 0.05 <3 > 120 19.60 = 2.87 28.8 £ 7.78
2 0.50 + 0.06 0.1+0.1 0.05 + 0.05 <3 > 120 16.00 + 3.74 24.00 + 3.79
3 0.64 + 0.08 0.1+0.1 0.05 + 0.05 <3 > 120 9.60 + 3.83 19.40 + 2.94
4 0.80 £ 0. 14 0.15+0.1 0.05+ 0.1 <3 > 120 6.20 + 3.19 12.00 £ 1. 67
5 0.96 + 0. 16 0.15+0.1 0.1+0.1 <3 > 120 6.60 + 2.87 9.00 £ 2.61
6 1.10 = 0. 18 0.2 +0.1 0.1+0.1 <3 > 120 3.80 + 1. 60 9.20 £ 3.76
9 1.40 £ 0. 14 0.2 +0.15 0.1+0.15 <3 > 120 3.00 £ 2. 10 14.00 + 3.74
12 1.64 £ 0.19 0.3+0.15 0.1+0.15 <3 > 120 3.00 = 1.41 10. 60 + 5. 04

TEJ7 58 AR+ N 1), shi it 3 107 8 BOAT AR+ -HRGHT 1) , sh e 4

Note. Method A (ketamine + sumianxin IT) ,n=3. Method B( Zoletil + sumianxin II) ,n=4.

3 it

AHIFE R, AN TR 7 5 IR0 090 3 A A
L AU EE A RE B8 s D 485 3R s | 7 4R 2 SR T+ S I
B L &7 28+ HRORT 1L 2H 3 L 22 B+ T 11
ARV o0 380 LS AR A B K P b 5 B f 458
HZ R 20 . 5 1R 22 57, S o A i AT sh i 1 I

M IE R R BT S I 00 . S0 45 RS i WL
P R A B AR Ol 534, BRAS IR 5 i
FEA  FEF I Ay AR N RIS v, 35X LA R B D57
HEWRE Z R AER], JC— BT, W T X LA
JRIE25 FIRR B2 02 T T AR A R KRB R L 2 MA
A

02 TR TR 2 vy VP g 7 o L2 ) JRR I 24 )



o E SRR E W) AR 2019 4E 8 HEE 27 55 4 Acta Lab Anim Sci Sin, August 2019, Vol. 27, No. 4 477

SRR 12k ) st ke S J I T, DAk 310 5 38 R AR v B oA
JEERACR e B 4Rk 24 D BRI R T/
R, TSN S W B 2E U BT
P AR A R A A I T AP R E S
HRGET 1 S 2z i 2 G s MR 11 55 3 A BRI
Bk RE AR, AR T S R R, v LR
BRG] 2 RSP T S0 M D )RR T 0 A
[E#RAE 30 min Z247, P LT 28 T AR AR SO IR, HL
EP AR ISR T ST, 8 R &7 28 AT TR A1
WUPAFA S AERE 8 IF R & FhAMREF R, U 5
SRR I B FH A o 2 G P Tl 1 ol P, L JRR 40 ¢
K (KT 100 min) , FREF B TR AN T B (5 FH S e i
JERIAR IR [R5 ) ke s, 728 525 RGBT 1T s 2 1
TR A AR T RRESESS, BRI K F 100 min, B
AT DA ARG S S AR 4 1) SRR sk S, (E 2 L
BT AR R R A TR, AT AR
11 (952 G R T 58 IR I A AR AR £, 25 72 F- B 3
S AN T B0 K B ] ) SRR IR A R, T 7 S G 2
RS MR T e P S AR 1 B 790 4, 42 B 1 1A LA
TESHEPURIIR 3 5, S PR AR PR URR RS Nk
U N RPN R RN priv = N 7S B N
D7, I8 % & AR S AR 5T A JLFR R
P | BRI 255 6] DA 30 min % 200 min AN%5 | BE
T B R F ARSI T oK

FEARRBEFE R v, FRATT A & B — S [m] 5, 5]
Ty 2 5 ARGR 1 3 fit FH B, Rt 9 25 %)t FH 5%
ST UL A LS5 50 & BE R R K i ]
FORRIE . FE/VEDEAT MRT 1485 | MR 48 3 AR B 10 A9
i, FRER IR 110 Ee BRSSP R 3 S5 &
R+ IR T2 A /DN 1 P B2 B ] 22 B g K 1 S
P+ SR 120, FRATT 000 7 28 A0 AR 10 356 A ]
FIEA PRI I 8 5 TR ]

A HRAEFR— L Bl Wy il FH e i 5 25 i BAS [
T (R AR AR IR FRATT A S B
22 [ ) S I -t 38 B Ao R O, A R D R
T FVBRAGE , 7508 SR A AR B I, 25 Hh SRR
B2 ol mk i Z0 A 2 00 R R, A5 IS A 1 B ) =X 0
W, RIS SR i B R 7 A T — AN
25T I, SERASTE 30 min N EATZEME . 2R A
RE SIS BR , 1T 2% B8] ZE KA | &1k AT B4 2 A
FRRRIATIRYT Y Lk S B D) S R A S s
FEAS AT 2 155 00 B A AR & () R e s 2R . A 4R
R B fe P S RET 0 AT LA TR 4 RR

H T BB S Rk [ s FA] 7 S 30 vt 2 i B
A PR BRGE I R Rk P B, 5 SRR B, oIk
FURRFFACR , HUIRHT 1T AE X £ 88 A ™ AF B s R
i HAE ARG BRR S 1 7E 52 ) i B <7 20 W 2 ek
P A B 5 25 1 LA R I 25 ) 45 s BRI 1T Bk
P JARRT 1L AT LA i i 25 B, DT 38 0N 7 Ak
TRRIOIRS 0 v R GEHLRE, Mo ELE ARGEr 11 A
R IE BT iR B BOREVE I o BT AE AT IR B )
Y EIE = FAR PR, Ak, S R 25
Sy i G B B, MR 2R s WA T IR, 7 F
ISP S, FeATTRLIZAR 8 52 50 T AN S W) 1
O, EFE AL R BRI 7 58, DA AR A5 AT 5% 19 52 9 25
R [R)t GRAIE T 3 0 4 R AE R

gi bRk AR AR KR 2 BRI, &7 2%

A AR G-t A S ) 5 S ) 52 Sk R T JRR e

A HBCASH AR 1 DR T A 45 ), e il /S0 e ) ) e 1)

AT 2R SR I R L2 0 5 g IR T

R 809 J7 S8 A0 m 2 A G Mg ), EL JBR e 4 5 1o 1] 42

Ko FATW LI BHE X T A R KSR f

TFREAPEALRRI S0 T 2R 7 58

5 £ 3 #k(References)

(1] AR, 2580, bS5 AIRMRAE B BT b i N T ik
[J]. B shi bR 2, 2012, 32(4) : 358-365.

Shi QJ, Li W, Sa XY, et al. Application of cynomolgus monkey
in medical science [J]. Lab Anim Comp Med, 2012, 32(4) .
358-365.

[2] ZH, SESE, AR, 55 SCH 3 BRI R (6 FH % A RS 2 )
ST [T]. I e BEAEAE , 2017, 27(9) :87-91.
Li D, Guo YY, Deng H, et al. Research progress on ethical
issues of anesthetics application in laboratory animals [ J]. Chin J
Comp Med, 2017, 27(9) : 87-91.

[3] B{RE. 3hW 4SRRI 0N IR L SRR T].
MR, 2018, 54(2); 114-115.

Ma BC. Preliminary study of general anaesthesia in animals on
current situation and its surveillance [ J]. Chin J Vet Med,
2018, 54(2) . 114-115.

[ 4] ¥R, BV, E24, 5. SUNE XS R B B 22U TR
X3 c-fos mRNA FIRMFEMT[J]. hARRRIE 4475, 2000, 20
(4):236-238.

Xu JH, Zhao P, Wang DY, et al. Effects of ketamine on c-fos
gene expression in the different regions of rat brain following
stress [ J]. Chin J Anesthesiol, 2000, 20(4) ; 236-238

[ 5] Martin D, Lodge D. Ketamine acts as a non-competitive N-
methyl-D-aspartate antagonist on frog spinal cord in vitro [ J].
Neuropharmacology, 1985, 24(10) : 999-1003.

[6] Mdd, mitE, RAR. FRFEARGE S (M]. (g
Rleg AR H AL, 2014 258.



478

i E S IR B 2A 4R 2019 4F 8 H 5 27 555 4 1 Acta Lab Anim Sci Sin, August 2019, Vol. 27, No. 4

[11]

[12]

[14]

[15]

Yang JS, Gao BG, Zhang JC. MA ZUI JIBEN JINENG YU YAO
WU [M]. Shanxi: Science and Technology Press, 2014; 258.
Bk, WA=y IR hORRAS 2 BOIE S T (D] T B R
5,2015,51(2) :40-42.

Duan JT. Combined application of anesthetics in wildlife clinic
[J]. Chin J Vet Med, 2015, 51(2) : 40-42.

Lp, skIGEHE, 228 SRR D7 15 R 25 ) T 5 BOIR
[J]. BB, 2014, 35(2) : 119-123.

Jiang L, Zhang XY, Jiang P. Research status in anesthesia
methods and anesthetics in animals [ J]. Prog Vet Med,2014,35
(2):119-123.

TRORE, FREL, BUEEAR, A5 VRIRET Z BRI 2 1E B I R R
BRI ()], E BRI ,2012,6(1) :77-78.
Guo YQ, Guo R, Wei GL, et al. Application of zoletil in animal
clinical anesthesia [ J]. Chin J Mod Drug Appl,2012,6(1): 77
-78.

XU RN, T UG, DO BRI 254 X0 £ B A0 RR B8O 43
HrAnEE R (1], A HOR PR 222535, 2010,20(2) :45-47.
Liu XP, Xie LP, Wei ZM. Effects of four anesthetic agents in
surgery for cynomolgus monkey and their selective application
[J]. Chin J Comp Med,2010,20(2) ; 45-47.

TR RHEA KI5, AE. S SR R PRI 24 Y e S
FILI]. LT PR R4, 2000, 11( 1) :164-165.

Zhang Y, Zhu Y], Zhang F, et al. Selection and application of
commonly used anesthetics in animal experiments [ J]. J Liaoning
Univ Tradit Chin Med,2009, 11(1) :164-165.

SN B ST, AIRGRT S 8 T e AT SRR IR Y
MHHER [J]. P BEFREAR R, 2004, 32(1) :131-132.
Wen X, Zhang P, Jiang DS. Comparison of Sumianxin and
pentobarbital sodium in animal anesthesia [ J]. Med Sci J Central
South Chin, 2004, 32(1):131-132.

Bertrand HG, Ellen YC, O’ Keefe, et al. Comparison of the
effects of ketamine and fentanyl-midazolam-medetomidine for
sedation of rhesus macaques ( Macaca mulatta) [J]. BMC Vet
Res, 2016, 12(1) . 93.

Abbe CR, Mansfield K, Tardif SD, et al. ( Eds.) Non-human
Volume 1:

[ M.

Biology and

primates in biomedical research,

Management, and Volume 2. Diseases. Academic
Press, 2012.
Christe KL, Lee UJ, Lemoy MJ, et al. Generalized seizure

activity in an adult rhesus macaque ( Macaca mulatta) during

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

ketamine anesthesia and urodynamic studies [ J]. Comp Med,
2013, 63(5) . 445-447.

Pulley ACS, Roberts JA, Lerche NW. Four preanesthetic oral
sedation protocols for rthesus macaques ( macaca mulatta) [J]. J
Zoo Wildlife Med, 2004, 35(4) . 497-502.

Brfgat, IR, RE, . ORIRF) G £ 28 00 R BRI
ROGMEE (1], hEEEARE,2012,44(HT) :147-151.
Duan JT, Xu CZ, Wu K, et al. Observation on the anesthetic
effect of different doses of Zoletil on thesus monkeys [ J]. Chin J
Vet Med, 2012, 44.147-151.

SRREL. S RRIRI SBR[ T]. PR R, 2007, 35
(2):85-388.

Zhang JH. Progress in animal anesthesia research [ J]. J Shanxi
Agr Sci, 2007, 35(2) :85-88.

XM, P, R, AF. RREEXT SN SEER R [T]. h
L B2k, 2004, 14(6) :386-387.

Zhao HD, Tao J, Hao ZH, et al. The effect of anesthesia on
animal experiments [ J]. Chin J Comp Med, 2004, 14(6) :386
-387.

BT, ok, B, A MR X 4 224 0 RR A0
[J]. #2247 ,2018,38(3) :63-69.

Yang WJ, Zhang B, Xia MH, et al. The anesthetic effects of
golden snub-nosed monkeys ( Rhinopithecus
roxellana) [J]. Acta Theriol Sin, 2018, 38(3) ;:63-69.

X\ dy, SRAEZE, BT, A5, ¥ I BRI JRR I 2 A0 114 Je 1K)
I RAERT]. b RSk, 2004,40( 11) :28-30.

Liu HQ, Zhang TR, Min LJ, et al. Cause analysis and rescue of

ketamine on

anesthesia accidents in animal perianesthesia [ J]. Chin J Vet
Med, 2004, 40(11) :28-30.

M de, GIbSE, PRINME, 5. oK 75 52 56 R IR e o Y
REFI[ ). SEa 5 U R 27, 2005,25(4) :236-237.

He ZL, Lu SY, Chen LX, et al. Application of Sumianxin in
anesthesia of experimental rhesus monkeys [ J]. Lab Anim Comp
Med, 2005, 25(4) :236-237.

REESG, BT HURGH R SR SRR T BRI [T ]
PE2f B2 AR, 2007, 29(1) :58-60.

Wu SG, Qian N. Application of Sumianxin in anesthesia of
laboratory animals [J]. J Guiyang Coll Tradit Chin Med, 2007,
29(1) :58-60.

B

[WFEBHEA] 2019-02-15



2019 4E 8 H o [ S B2 4 August 2019
2748 4 ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 27 No. 4

FIT EEE AR, 4. CAL6 S R T Ak A0 MUY ) £ 7 K H 32 Ak SCARB2 (3R IL[ 1] b [ SE B sh 274k, 2019,
27(4) :479 - 484.

Wang WG, Kuang DX, Li N, et al. Establishment of a tree shrew lung fibroblast model of CA16 infection and the expression of its
receptor SCARB2 [ J]. Acta Lab Anim Sci Sin, 2019, 27(4) :479 - 484.

Doi: 10. 3969/].issn.1005-4847. 2019. 04. 009

(MM@“W%%&%%%%&@%@Q
H. A7 & SCARB2 1Y) ik

Ei)*,[ﬁ@#,?ﬁﬂﬁ HBRE,FEE, > RS e, RS

(H R R 27 B Bt/ AU S W AR B 5 5~ A )~ 9 5 I S O o 5 9 D58 o 2 B 28 T RO i 3 T T i T A S
Hh ] B 2 o e B 2 A A W T BT S S A U A5 0 I S 4 BB T R 650118)

[BE] B FUTESL CA16 BRYLH Rl BT 4E M (tree shrew lung fibroblasts , TSLF) SZISAR R A4 r] 174k
ik AIEREE CA16 JBY% TSLF, LA BT 4B 40 ( KMB-17) FE XS AR 58 T LS 40 s 22 155 B0 , [ 356 1% 5
SERO WA B 2R AU AR 56 2 7R SCARB2 25 M2 A5 00, HREMEA SIS 96 % i PCR MG 8284, LA B-Actin
YEN S YRk SE 98 Y62 i PCR Kl A2 7K SCARB2 FEPR (R A X ik ik, 454 2 TR P31 Hex, 40 B He 5 8k e g Al o6
'VIFO GR  CA16 B TSLF, nf 5| e BH 5 1% 40 M 2% |, Ho988 e )16 S 96 v UL 2 A1 32 4 SCARB2 ZE 11, Lk 100TCID,,/

0° cells [ LBl Yx TSLF FI7E 48 h ZE 4R s ik 205 15, SCARB2 FE A 5 B YL AH IC 1) 1=y 223k, i FL L (5 )7 471

W5 ANFEREFEEE, &1 CA16 n[/ERYL TSLF, # i SCARB2 1[5/t

[REIR]  CALO ;A Wil LT 4R AN AL ; JB4 % ; SCARB2
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Establishment of a tree shrew lung fibroblast model of CA16 infection
and the expression of its receptor SCARB?2

WANG Wenguang, KUANG Dexuan, LI Na, LU Caixia, HAN Yuanyuan, TONG Pinfen, SUN Xiaomei, DAI Jiejie "

( Center of Tree Shrew Germplasm Resources, Institute of Medical Biology, the Chinese Academy of Medical Sciences and
Peking Union Medical College; the Key Laboratory of Yunnan Province for Vaccine Development for Major Infectcious
Disease Control; Yunnan Innovation Team of Standardization and Application Research in Tree Shrew, Kunming 6500118, China)

Corresponding author: DAI Jiejie. E-mail: djj@ imbcams.com.cn

[ Abstract ) Objective  To explore the feasibility of establishing an experimental model of tree shrew lung
fibroblasts ( TSLF) infected with CA16. Methods TSLF were infected with enterovirus CA16, and human lung fibroblasts
(KMB-17) were used as controls. The cytopathic effects ( CPE) were observed using an inverted microscope. The
expression of viral protein and the SCARB2 receptor protein was observed by indirect immunofluorescence assay, and viral
load was detected by TagMan real-time PCR assay. Using B-actin as an internal reference, the relative expression of the
SCARB?2 gene was detected using SYBR Green real-time PCR, and its correlation with the infection process was analyzed
along with the gene sequence alignment. Results CA16 infected TSLF and caused obvious CPE. The virus and SCARB2
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protein were observed by immunofluorescence assay. Under the infection rate of 100TCID,,/10° cells, the viral load was

highest 48 h after infection. The SCARB2 gene had a high expression that was associated with infection, and its gene

sequence also has a high homology with that of humans. Conclusion CA16 can infect TSLF and SCARB2 is related to the

infection.

[ Keywords)

17318 %% 5 EV71 (enterovirus 71, EV71) 1 CA16
(coxsackie virus A16,CA16) &5 EF 2 HRAY T2
R BB EVT1 R BT A EVT1 BT
s A AR T, AT AN £E S ) CALe, IRy
HM EVTL 2 AR LRI BT CAL6 JRGY i %t
Xt CA16 ST BARRT il i Ao A4 e i 42 ) 5 A2 1 9
AT RISZ B, SEPR I, CAL6 A3k G 76 T 5ty
BN G & TF R FR I O R AT FRERY— 2
AT A A R TE VT AR R H 45 38 i 3 2 1
BOAUAE RN A b, 2220 h i e aE 71 240
CA16 BUSE R AL 15 5 W BE R SR 1 I A
MEHE R, CA16 SR AT LS BU™ 58 A9 4K pl 22
ARG RAERBET

PRI, bk CAT6 1 HE R A 53 R 245 4 92 1t F K
JEC NN YT T 2 PR B 5 TAERE L &
T ) SR SR R TAE R G s, BLE il
(1) CA16 LAY 130 kb 24 1) 2L BURIOBE 2B /1y
Bl A5 A1 R A 0 O AEK |, A J] 400 3 e 5 A J R A
HIRAR T AE A TR A 0 B AR B AR5 72 FI
i A A AR (H G S 56 AR 3 v T TG ) O I
Wi TF A oA E N Sh R AL, 5y A B R
CA16 7T ZMFIE e 2 A, i 2 R — &
H 5 NABARL AR, I AT AG DU 38095 B I AE 1 HEAZ
161, FEMCIERE b AR BLGE 2 CA16 X it
WA HEAH MY (tree shrew lung fibroblasts, TSLF ) ) J8%
USSR G R AT E M S E AT, A
CA16 3ZfA SCARB2 )35 1 17 10 1 22 A [a] Y5 73 B
SESR TR S LA R G BB A AT AT, DL
CA16 BEYL LTI BIFFE 5 24 W) s 12 £ 4 — b o 114 400
- 5 R AR S

1 SR

1.1 ##
111 4R

TSLF , Nt A5 K B 21 4E 240 il (KMB-17) 4]
BEZFIREE A 41 16 U (CA16) ¥k A v [ BE 22 Rl e
P 24 A ) 4 B 5 T R ) o i 9% R PG, FL R TSLF

CA16; tree shrew lung fibroblasts; Infection; SCARB2
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AR SCI % 43 B IRAT, CA16 R KMB-17 4%
FRAAS, T R 8. 5x10°TCID,,/mL,,
11,2 F2EG0 SR

DMEM 85 3%3E (HyClone , £ [H ) |, JIf 2 1ML 7% ( BI,
) ,0. 25% g 8 H % ( HyClone, 32 [H ) , AT
(HyClone , 3£ [H) , $it CA16 HLiA (Millipore, £ ) ,
IZEPT/ N [gG H&L-Alexa Fluor® 647 ( Abcam ,
) ,$T Scarb2 PTK (GeneTex, EH) | IIEPT A 1eG
H&L -Alexa Fluor® 488( Abcam,#:[E)  RNAiso Plus
(Takara, H ) , One Step PrimeScript’™ RT-PCR Kit
(RR0O64 A, Takara, H 4<), One Step TB Green'
PrimeScript™ PLUS RT-PCR Kit (RR096 A, Takara,
HA) .

CFX 96 Z i} %¢ )6 22 & PCR {¥ ( Bio-Rad, 3¢
) , Eclipse {8 & 2¢ % /4% ( Nikon, HA) , — 44k
W35 3246 (Thermo , SE[H ) |

1.2 A%
1.2.1  JRYLszug

PR AP0 TSLF i s % R 5%10%/mL [
YRR, # IR 2 mL/FLAY LT 7S FLAR A A, 75 2k
ATE AL (90% £ A7 K ) , W37 B5 37, PBS
PRYEANAE R 1 W, LN 100 TCID,, [ CA16 J4 &f
W1 mL, WEF 1 h, WS R, AR i Y
DMEM £33 2 mL, LA KMB-17 41l A %) 18 3547 [7]
FEAD P R 37 1 B WL A s A5 55 100
1.2.2 CA16 JHEE&H M2 1A SCARB2 & 119 fe iz
PEHCAG I

Sk TR s ULE S 75 2 R 56 32 AR 1) ek 1
[ 422 G0 8 9 )l 25 RE S BE T R e, BN A CAL6
U —Hi 38 R B, B = P0h 2 s ebric;
SZ AR SCARB2 HLRFIH —Hi 3y i, H — 41 k4
BoOehRic, EREEWT . M H 4% (B iR M
L) Y 22 58 FE IS 5 1 SE 0D 20 main; il PBS & T
KFFEIR EIEVE 2 min, RE 3 K;0. 5% (i AR
) B4 Triton-X100 ZE4L 15 min; [7] F4E4E PBS Tk
3 WK, W AF I3 & P 3 30 min; PBS W5 B8 3 1K,
XY 2R [R] B AT 19% BSA (57 2 AR AR 1L ) # B 1 Bt
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CA16 —¥T (1:500) APt SCARB2 —H7 (1:200) , %
% HBAYLXT IR 4°C 10 ; PBS W YE 3 Uk, 2SI A
PBS # 1:500 i B i SEH0 B (200980 R FEdi
ThU(SAE) 3T CREEE 1 h; BB,
PBS /¥t 3 UK, T i DAPL 4%, #EOCHEE 2 min;
PBS 15Uk 3 UK, TEDO W5 T 3 T WA
1.2.3  eaEaa AR

H4 TSLF #% 5x10*/FLA7 B 24 FLAR, 15 40 i 0 B
EATEHZ UL PBS w5 4% 100 TCID,, B fLH%
Fft CA16 5 0. 05 mL, JCIfiLiE DMEM 15 9% | 5286 40
PRI E] 5 2 .4 .6.8.,10 .12 18 .24 .48 72 h it kE,
RS R] R S IR B AL, I E S X, A
RNAiso Plus 28 RNA, % One Step PrimeScript™
RT-PCR Kit (RR064 A) i 7 & Ui I #E 17 real-time
RT-PCR #4E AR 98 A [ B[] 50055 75 119 28K i 22 il 344
FEINER R AR SRR AR 10° (107 110° 107,
10* ¥ 01/ L, 51 RE R A CAL6 FER T 5 R 57 X
Wit

CA16-F .5’ -GTGACAAGAACCTCATTG-3’

CA16-R:5’ -GAGCATATCCCATCAAATC-3’

CA16-P; 5°-( FAM ) TGTTGAACCATCACTCC
ACGC(BHQ1)-3",

100 pm
. —

1.2.4  Z{R SCARB2 FE AR & 1k B HAG

DA 1.2, 3 g A B[] SORE i B $2 R RNA R
FEMT, LA i) B-actin /E A N2, #% #8 One Step TB
Green™ PrimeScript™ PLUS RT-PCR Kit( RR096 A)
ViBHIEST real-time RT-PCR #24E, #—1b )5 a9 3L A
FEARIKT- DL 278 g b B T A 5 AR B
NCBI _F 25 B H ) B-actin 1 SCARB2 5 %1%
T .

B-actin-F :5° -CGGGAAATTGTGCGTGACAT-3’

B-actin-R:5’ -AGATTCCATGCCCAGGAAAGA-3’

SCARB2-F ;5’ -CCCTACATCATCATGGCGCT -3’

SCARB2-R :5” -CAGGCGATGGTTAGGTTCGT-3’
1.2.5 SCARB2 JE[H 751 [R) A 2 B

FIFH NCBI () BLAST T_ELXH 4§l SCARB2 3 [H
PEAT RN 2047, A MEGA7 S04 44 2 4 G 47 Fil
1) R G A

2 &R

2.1 CA16 Bt TSLF I BHENR

CA16 J5 B &b TSLF J&, & 8 UE 47 18 855 0
X FERYL ST 12 b, AT UL 43 40 i AR [ B 95 5 24 h
S, 336 AT L2 i e S OB AT ( WLIET 1) 548 h

X

101}-[-1111

T A KMB-17 45t 1 B CA16 J&RYE KMB-17(24 h) ;C. TSLF 4%t #;D. CA16 YL TSLF(24 h) ,
B 1 TSLF &L CA16 J5 24 h (HIES
Note. A, KMB-17 control. B, KMB-17 infected with CA16(24 h). C,TSLF control. D, TSLF infected with CA16(24 h).
Figure 1 Morphology of TSLF after 24 hours of infection with CA16
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Ja R, BRI AR TS, 72 h 5 SRR A A
XA ECRT WL, TSLF JE&G% CA16 A9 40 A A5 1% Il
5 KMB-17 A1, #1280 MEL 45 R B CA16 1] jg gy
TSLF
2.2 CAl16 EETZ 1K SCARB2 EHH EER N
Uk 2

TEVIAIEEF] CA16 A 5| TSLF 40 i % 45 1Y
S b 30 5 ] 422 G 5 7 ' S 06 X B AR A T
BN, [F] Ao % R G A G 37 1A SCARB2 & [ 3R 1A

T OLHEA TR, JH rp XU S X CAL6 2 H AT 4L
OOERRIC, X SCARB2 5 H HEAT 4 (02 Y6 ARic.
TEDEC B A CA16 JEYL 4 24 h HY45 F 40
Bl 2 fR  LL 500 IR CALe IREEE M, F 4
FELET LB b, 25 0 A T 40 A, 3 3t P I
PNk CA16 FJJEYL TSLF; [A]it, A] UL TSLF 40 3 i 52
Mk, R W] SCARB2 ZAATE CA16 &L TSLF i 2
AR ZERIL ARATEES S T CAL6 BRI

DAPI SCARB2

CA16

KMB-17

Merge

TSLF

Figure 2

2.3 CA16 IREHEMZ K SCARB2 E A KX
&R

FEXT CA16 J5 BB YL TSLF A5 50 78 47 %
L5 , T S PO E i PCR T2 A, LU
100 TCID,,/10° cells %42 F % FF , CA16 J& 44 TSLF
JE IR R R R AR A & 3 BR80T 0 AE
N, 7E 24 h R B SEA R AR MR, 2 5 A T
2% 48 h xR H = {H 9. 59% 10’ copies/mL, L5 24
h A H B KAk,

100 -

 SCARB2AEX 22k i/

oo

| —m— & Viral load

60

SCARB2 #0} ek fit/

Relative expression of SCARB2

b

0 : 2 4 6 8 10

* Relative expression of SCARB2 /./

2 CAl6 TR A2 SCARB2 & [ (0 f s 98 e Wi g

Immunofluorescence observation of CA16 protein and receptor SCARB2 protein

IEHT AR D¢ 5L B L EE £ CA16 JE& L TSLF &
PR SZ 4 SCARB2 8 [ 1453 A7 7 , 38 43 AH X 2¢
JERE i PCR O H L PR 3R 1 b A 74, &l 3 o
7N, SCARB2 K&K 3R 1K 7K ~F- A 1 i Jak G 30 2 1 v 1)
T 18 h SEFFGA HLARTE IR, 8 h L — R/
18 h A IR AR 24 h 2 5 WA 4
FE— AR B AR 1 26 38 K, &5 6 0 15 10 A i 42
A LATE BI7E B IR 32 AR 32 35 e W 2 5 8 7 2 i
H P TS #2% SCARB2 5 CA16 (R AH

/./,-\. 1 1.00E+06

1.00E+05

1.00E+04

i i o4 1.00E+03

f WAL /Viral load (Copies/mL)

L 1.00E+02

1% R AT 2

A )/ Time (h)
3 CA16 FE TR MSZ AR SCARB2 e PFRIAHNT ik i

Figure 3 Proliferation curve of CA16 and relative expression of receptor SCARB2 gene
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2.4 SCARB2 ERFEFHIHRIEED

FIJH NCBI FI7ELR BLAST ZhE , X i R SCARB2
LR TR %1 ( XM_006142962. 3) #E47 o *t, 45 3%
RIHE AR AN R KL EA K mny R JEE, Hr
FIN(AK313016. 1) B8 (NM_001284776. 1) Jik
M (XM_001096458. 3) | &% 4% ( XM _007998945. 1) |
+ 4k Bl (XM _ 027939796.1 ) . #1 6 Bl ( XM _

004848034.2) /INEL(BC029073. 1) 14 [R1 I 43 31
88.69% . 87.27% . 87.22% . 87.15%. 85.35%.
82.87% .82.25%, EWARIYFIIZ A SCARB2 T
GIFIFH mega7 FRAFHEAT 2 G0 AL 1 £, 25 A an 5
4 JroR W B A e N 3545 R S SR o B2, R
Wi P 25 55 Sh AR AT |

XM 0027171043 PREDICTED; (hvctolmmus cinicius

3l
16 — XM 0150962902 PREDICTED: (hux ares

XA 004848034 2 PREDICTEL: Herermoephuilus glober
BOOMATE 1 Mras pomscadivy

XM 003085268 4 PREDICTED: Felix covn

XM 001096458 3 PREDICTED: Macaca mularta

XM 0079850 FREDICTED: IWorsce s sabarus
| XM 0148657331 PREDICTED: Fgnns dsinms
]'—’1— XM 0279397960, 1 PREINCTED: Maronwa faviveminy
16 XM 2R 148064 PREDICTED: Pougper aheli
L XM 02280135541 PREINCTED, ¢ evaits nipaars feridliciens

11 WM 055004 Home sapiens
3 WM 0012847761 Macaor fascicularsy
e — KM MG 142962 3 PREDICTED .l'r.lpc.'.l.l efeiimeasis

B4 SCARB2 SLINAEA W) R GEE A
Figure 4 Phylogenetic tree of SCARB2 gene in different species

3 i

Mk 15 2% sh ) A ORI A 22 1 N T CALLe YA
gt R R A AT T A i P B s 4 AR A L
RS A /N R DL R M ST 21 d N
BT I RER I — R A REIR , (H TR AR IS R
Yoy sRUL B b 2 S A5 TR R IS R, ok 58 e &
CA16 R A BRAS AL, o gl BR 1 1 b 2 o s
RERARL . B AR K2R SR IR A faE ',
CA16 28N 8 B g F e, rl WL 28 3] T 12 1 AR 9E 92
I AR, T E I S8 0 22 Al 2E 20 v 4G T 3] 55 B 2%
T (R AR S A B AR AR A 55, 22 sh
WA FE CA16 [FERBFSE b M ARRET I

B T AN AR N R A S AL AL A S
5 S Rt B FH T 1 T B A SRR AR, e R A A
JIEE SL T EVTL e B R A A 9T A A A
R T A AF AT & B R CAle B B K
PEV B CAL6 38 3o W R 2 H AR, 2 B
LS d~T d AR A AT R It P 40/ B A i
T e TR AR AL 4G R A 2 R SR
(1) Z2 A2 20 A I 38 v 28 o B, ) B e LA

SR A rp A, L0 LA 0 0 A% 1 A R AR T S AR
PR AT F SR ST CA16 SRR sh il

AHFFE SIS KR, CA16 YL n] 5158 TSLF Hi 3
ARG I 5 T R ik A5 240 L A 5 A28 9 ' S B AT AL
CA16 85 8E 1 Y 2R 38 ; AR SE I 28 28 it PCR %K
Pt mr ezl e wE R A i £k, M 5 i AR R
CA16 A &Y TSLF, X 5 CA16 14 P JE L n] S0k i
il 2L 2R A5 11 5 S — 3, B A S S ST 1% A R
REHRLZ AT

ZIRFFEUE I TE I R Z K b WA R 2
(SCARB2) j& CA16 [ 3Z 1A, W Bl (%) SCARB2 37 A3k
P35 B A s i [R5 (88. 69% ), Hiitk Ak %
RS T AREAE AR K2, A58t
BE B I W 52 56 [] B L% 3] CAL6 %5 75 2R (A1
SCARB2 SZAKER B 4341, 1 ELAG I 2] 52 44 B PR 3Rk
K-SR B AR G | FEAH E M RIAG SCARB2 25
CA16 JE&HY 37 HF CA16 JERYL ) i A A5 7Y 1) 42 57, R] A
LPETR T AR X A 30 95 75 2 S A B AR 8 4 K
e, 49K, SCARB2 fUSUEHGE Y CAL6 21Kk Z —,
T - TR AR o 7 2D B IR I Ak, i A WL
ZARLL KA 2 510 T 3 2 ST
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LT TRPV1 F1 P2X3 22 HAE FH B K A0 E
Jrg JE i IR HIL
BB BER AHIL.ATE, TR
(WL 25 K50 =R PR E e, WiTLE S R 2R F I E S 0=, b 310053)

[WBE] B8 MEKESMNE TRPVIL M P2X3 (A 3¢ &, LAHAH 7 1 B AN & e B M pLwl . 77 3%
TR SD KR BEHL 43 R 25 X B4 TRPVL i sh 7 41 . P2X3 # sl I 41 . TRPV1 # h 57 + P2X3 #3141 |
TPRV1 #3h#)+P2X3 Mkl FI 20 P2X3 s # + TRPV1 #0174, 3 i S 2 B I 5 TRPV B¢ P2X3 3 3h5]
A M, 5 3 UEEE 20 min NS 2R B4R B IR BT R BR /TR R RS AT 5 R A S 8 28 7AW LADRG K
SFTRPVI AT P2X3 PHAE T AR e ik S 2L 3 3R 18 00 5 >R A A e SL DT TE L 48 LADRG 7K°F TRPV1 Fil P2X3 A9 AH B
KR, R P2X3 WEhFUAGEEEF TRPVL B85 & MIEAT I, P2X3 M 7 GE v 4% TRPV L 38l 7% &
FIIRAT M 2% s TRPVL S gh I RE 1 P2X3 sl F1i% & 17 2%, TRPV L I 5 2852 P2X3 sl % &
BT, P2X3 4 sh 7 fE 34 I L4 DRG 7K SF TRPV1 BH M i A2 3 15, TRPV1 # 3h 7 GE 3% il L4 DRG 7K F
P2X3 AP A5 ; TRPVL A1 P2X3 7E DRG K P A LR B HATERLIIEIN L., &it MM EITKFE,
TRPV1 #l P2X3 Z [0l {746 —E MM EAEH . Wi o7 DUAH I AR X3 Oy i Rk, M=o — 2 83 &l e, 7 —
J5 B T Bt 25 AH N 04 AT

[E8EiR] PR 20K P2X RIS 3Z 44 35 AHOCHE AT AMA 5 9 8%k KRR
[HFESZES] Q95-33 [ xEktRIREG] A [XEHS] 1005-4847(2019) 04-0485-08

Regulation mechanism of peripheral pain sensation in rats based on the
interaction between TRPV1 and P2X3

DU Junying, FANG Junfan, XIANG Xuaner, XU Zitong, FANG Jianciao "

(the Third Clinical Medical College, Zhejiang Chinese Medical University, Key Laboratory of
Acupuncture and Neurology of Zhejiang Province, Hangzhou 310053, China)
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[ Abstract]  Objective To assess the relationship between peripheral TRPV1 and P2X3 in normal healthy rats to
elucidate the regulation mechanism of peripheral pain sensation. Methods Healthy male SD rats were randomly divided
into a control group, TRPV1 agonist group, P2X3 agonist group, TRPV1 agonist + P2X3 agonist group, TPRV1 agonist +
P2X3 inhibitor group, and P2X3 agonist + TRPV1 inhibitor group. Within 20 min after subcutaneous and intraplantar
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injections of TRPV1 or P2X3 agonist and/or inhibitor, the number of foot contractions and the duration of leg raising/

licking in each group were measured, respectively. The expression and co-expression of positive cells of L4ADRG TRPV1

and P2X3 were observed using immunofluorescence. The correlation between TRPV1 and P2X3 at 14 DRG levels was

observed using immunoprecipitation. Results

The P2X3 agonist did not alleviate pain behavior induced by the TRPV1

agonist, and the P2X3 inhibitor did. The TRPV1 agonist increased pain behavior induced by P2X3 agonist, and the TRPV1

inhibitor did not reduce pain behavior induced by P2X3 agonist. The P2X3 agonist increased the positive area expression of

TRPV1 in at the LADRG level, and the TRPV1 agonist increased the positive area expression of P2X3 at the LADRG level;

TRPV1 and P2X3 were co-expressed and co-precipitated at the L4 DRG level. Conclusions

There is an interaction

between TRPV1 and P2X3 at the peripheral neuron level, whereby they promote each other’ s expression. When one is

inhibited, the other is reduced in function.
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TR A 2T (dorsal root ganglion, DRG) J2& /85
1B N BRI 2 T, S JvE b sl AN B 4 21 A 1)
Sl B 5 A% T HLAAR I8 RN 3 M B 1Y
THEEN . KA Tl FI 2R 7E DRG Fhik, tn
B ZK 3Z 1K (transient
type 1, TRPV1) Fl P2X M4 5714 3 ( purinergic P2X3
receptor, P2X3), TRPV1 Fll P2X3 4 8 5 A0
HISEZAK B BE AT DRG /N BRI 2040 i
S HARRIZEAVER G5 e B, CAFR
38 , TRPV1 1 P2X3 7E DRG /K PA 33512 1E
RHELIR 2T, h W 455 AL 2 B S 40 BF 5T 34 % B,
TRPV1 1 P2X3 fA7EAH AR, HAS [A) 5 BRAR S 1Y
MEERAXREARY ) EAEBRET, B AR
FH DRG #1470 MG YL 40 i HEK293 , WL%<5] TRPV1
N P2X3 AEFEAHFAMGIVE A (HARTEIE# KR
L EE DRG /K- TRPV1 5 P2X3 A4 A &4 FH 5%
F, AP LR TS TRPV 3 sh5 /(%)
P2X3 s /4m il 57 P2X3 # zh 5 A1 ( 5 ) TRPV1
BEhA AR W HIR T4 . DRG 7KF- TRPVI
A1 P2X3 BH: 40 i i AL TRPVL A P2X3 (1) 3t ik
KRR R4 BT TRPVI A1 P2X3 22 HAE
FH 8 A1 8 9 St R4 AL

1 MR5AE

receptor  potential vanilloid

1.1 ##
1.1.1 SE5shY)

6 JAIWE METE VS E 2% SD KR 72 K R 180 ~
200 g, i AP Bk B L i SE g s b0 B A [ SCXK
(97)2013-0016] , #i 7T+ B 25 K24 S 4 2h ) 0
[ SYXK(#f)2013-0184 ] i J5 K52 )i 70 5L H N 4

TRPV1; P2X3; interaction; periphery; pain sensation; rat

i) 37 31 6] &5 3 Wk 045 288 3 W s o DR DR X Al AR
K, PR B R B (23£2°C,60%) , 12 h 3R AT
o SEE I R S Y B AL E AT S 2006 AERHER
RATHY R TEHIF IR S Y 148 FHERIL) | BT A #8
VERIFF 5 5250 sh Y (8 B BEoR (/G B L5 . ZSLL-
2015-022) ,,
11,2 SEsitn

Capsaicin( Sigma, J£[E ) | capsazepine ( Sigma , 32
[E), aB-methylene ATP ( Sigma, & [ ), TNP-ATP
(Sigma, ) , HPi KK TRPV1( Abcam, [ ) | IK
BT K B P2X3 (Abcam, 35 [ ), %L K Bl P2X3
(Abcam,ZE [H) , Alexa FluorR488 Fric ¥ i % — i
(Invetrogen , 9 [E ) | Alexa FluorR647 #51c I it K il
“Pi(Invetrogen, JL [F ) , GAPDH (SCT, 2 [H) , Bi g
WEER (Santa Cruz, £ [H) , ECL ik #] & (¥ = K,
EZpIS
113 S

Pt W B (Nikon, H &), WK % 8] F #lL
(Thermo, 36 F ), BT ZOGE K E F W (= K,
), &K G AL ( Molecular Devices, 35 [H ) |
HLUKAX (Bio-Rad e ) , 2 T #4 E1{X ( Bio-Rad, 3¢
[H) ,Image Quant LAS 4000 %% 1% & 4t (GE, 5

) o
1.2 A&
1.2.1 SEIG4r4

JI A R R GE RS A 23 IR REZE  TRPVI 3
B P2X3 B4 \ TRPVL i35 +P2X3 i3
FIZH " TPRV1 BLEh7]+P2X3 #MHIFI2H  P2X3 i h 7
+TRPV1 fIHIFI2H 6 41, FReH4% 12 2,

1.2.2 Zjhba
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@ TRPV1 #% 3h 7 4. 2§ & F F 4
capsaicin100 wg, & F1 50 pL; @P2X3 #shwl4l. &
JIE K2 1 5F oB-methyline ATP600 nmol, 4 F 50
uL; ATRPVI #4357 +P2X3 #h I 4H . /IS 2 F [H]
A} 3 4F capsaicin 100 pg, aB-methyline ATP600
nmol , /AFH 50 pL; @TPRV1 4 3h 7] +P2X3 #1571
2H . B R [F B 33 4 capsaicinl00 g, TNP-ATP
300 nmol , f&F 50 wL, GP2X3 #3h5+TRPV1 #
7 2H . R B2 R [R) B St aB-methyline ATP600
nmol , capsazepine 200 pg, A 50 wL,

235 PO A L VG AH W) 550 1 g AR BRER K
1.2.3 AT R EE

SCHOTHT KRR E TR M LR &N 1 h D
I IAEE  FFELE N 5 d, SEEET, Sets KRB Tk
220 I3RS 30 min 36 N SR, FEILRE R R
PR & 2 PSS RIS B2 T T S AH B 254, LK
FRUEE 2 min PN A4 OB AR R/ TR 2 FR S ) 1]
Z2WEZ 20 min,

1.2.4 HPEve )5 %K L4DRG 7KF TRPVI1 FlI
P2X3 BH P i Rk

WMELEAT I G, AR 5 R KRB E L #
(40 mg/kg, bw) I8 ¥ T 5 BRI, 8.0 3 30 ik A= B AR
IK(ACTHE) FEEZE KRB A, EEZ BT 4%
Z R WWE 150 mL, PREIBGTH 350 L4 DRG, # 4%
ZRPBEHERTEFEE 3 h, RIGHET 15% .
30% FEWE T WM FE K 5, 2 W A HE AR5, B A
-80°CUKFEIRAFA .

FTUKEDI R (JR 12 pm) , TBST {53 5 minx3
K, 5% 1F % B L% 37°C B 1 h ¥k, it KR
TRPV1(ab63104) 5§ P2X3 (ab10269) —$1i 4°C &
R (% 5% 1E % 9 075 TBST # B ), Alexa
FluorR488 Fric Uit — 9t 37CIFHF 1 h( & 5% 1F
HYINTE TBST # ke ) , KT, PLoeoG K B R
Ao 9GBS A4E LADRG 4 TRPVI 8 P2X3 &
ik, UL 25 IR ke G 5E AL, Image Pro Plus 5.0 L
5397
1.2.5 HIEDN LML 14 DRG KF TRPVI Al
P2X3 35k

% it KB TRPVI (ab63104) FIK BT K
Bl P2X3 (ab10267 ) — $T 4C M & i %, Alexa
FluoR488 tRic ' Hi it —HL Al Alexa FluorR647 #rid

PHK R P 37°CHFE 1 h 4h, A 1.2.4,
1.2.6  HpEdtiiiEikWigg 14 DRG /K3F TRPVI Fl
P2X3 HEAEM

MELSEAT R e, BEALE 7 RO R B L 2
[40 mg/ (kg-bw) ]I B SRR B, F 4°C AR
LD VE v, A U VRO TV AR, PR R
S L4 DRG, AT A9 EP 45, A -80C
VKA RS . B L4 DRG, il Western & 1P 41 i3 %4
W (58 =~ K ) #E P i, BCA B H & &, B 200
peg BEFER AW, A 1T pg P KR TRPVI 5 1
pg RBLKE P2X3,4°C SR SNIF & 7%, A
i BERRHEER 4 CHESNIFE 3 h, B0k Lg%
FRRCE Ve G N 2x L RESE v, 95°C ZE 1 S min,
SDS-PAGE B 7 #5 & H, 2 T 52 E0 &= PVDF JiE,
5% I R W3 K B P, 4 oo A S Bt R B P2X3
(ab10269) Bt K Bl TRPV1 (ab63104)4°C HF &
P TBST #2838 3 U5 A BRAR 2o 480 Ak ) il A i
2 HT % IgG (1 : 10000, 3 [ Santa Cruz
Biotechnology A Al ) , Z i % & 2 h, TBST & Ut 3
K ECL 7] & (4, Image Quant LAS4000 £ 45471
W8 SR AR TOTE 85 1 AHO6 R
1.3 ZitEHZE

SIS LA B AR E IR (& 25 ) R, >R H
SPSS20. 0 itk i 1T g it ordr, R R
J7 25508 s AL 18] I L3, T 22 55 1 R T LSD Kk
5 2ZEANFERY R Dunnett’ s T3 K56, 424 P<
0.05 h 25 W EMFRAE,

2 F#R

2.1 AIRATSMNE P2X3 3t TRPV1 F & HIE1T
baliab Al
2.1 1 FHKRERAE FBIREFZ ]
AL A KR F 35 B 2 min NGS5
JE AR BRFFLELET E], HAEE T 20 min, 455 A0E 1A B
Fii7R . TRPVL 3 8h I 2176 WEE AT 20 min P, H: 4
JE AR BRRESE i) (] 34 4 25 22 T OE R X IR AL, o e
YIS 2 min B IR E A, Z 5 46 R FRR IR
BB 2218 TR, TRPVI $#3h 7l +P2X3 #sh 4l K
RTAWEHE 8 min, H45 2 MR FFELIT ] 5 25
PG RZH LG A TG 25 7, AE 25 T 0 Je 14,18 .20
min B}, 525 PO BRAT LEASCH A0 2 H R R 252 1 i) 34
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%, TRPV1 Bshi +P2X3 i 7 4H K BT 25 Wi
B 6 min JFAR A SLIGLE R HAG 2 FalR Rt
RS2 X R AR e 22 5 . DA 4K B J2
FAR SRR SR R AL B AR, 45 SR &, TRPVI #3h
FIZH TRPV1 B30 7] +P2X3 B shF 41  TRPV1 i zh
F+P2X3 04l 7 2H 2 e A R N AE # R 46 2 R
o A R 2 s ] Horp TRPV 343h 77 + P2X3 4171 71
Mg e | 45 BB S Fr 22 i 8] & 3 D T TRPVL i 3h
FIH .
2.1.2 FHHKEAE BRI E
FATIEE RS AH R B 259 3 )5 B 2 min N 1Y
a5 2 RBRUCE, S5 R 546 2 6 R B AL, 45
WK 1C.D fizn, TRPVI 8 3h 5 41 76 W8 1 20
min P, A0 2 R BR R B3 21 IE R R AL
AP RSS2 min Bk S A, 25 4R
FRBE R B8 R %, TRPV1 B3h#)+P2X3 i sh#|
HAR BT 25755 8 min 46 /2 FABE D% 2 i
A8, 5 25 A X B AL He BT 25 5, T Je ST 4 4
Z TS G 12 .16 .18 .20 min I H.45 2 44
BRCECH B 2 T2 A X IR 4L, TRPVI 3 8h 7 +
P2X3 I FIH KBTS 5 6 min FF 45 2 4%
LI AE R, A 2 R E S A O IR LA
ToZEst . A KA /2 |40 BRE R S 5 WL 4%
250 & B, TRPVL ¥ 3h 5 2 TRPVL ¥ 3h | +
P2X3 W shH4  TRPV1 #sh7] + P2X3 #ij il 7 4
BIBeA & IE F K B 4e 240 BRSO Horh
TRPV1 2 5 + P2X3 #10il 57 4 45 J2 . 45 R Bk
R E /DT TRPVI SR 4L TRPVL 3 gh 7 +
P2X3 sl ,
2.2 HEIERETSNE TRPVL 3t P2X3 iF & HIfE
ITARE I
2.2.1 FHAKRBRAE FRHRFRFLL ]
FRATILEE S 2H R B2 W 1 3 )5 B 2 min N 1Y
AL FAME FRLL A ], L EE T 20 min, 45 40
2A B PR, P2X3 WA FE I UES S 8,10
min B/ [B) SR 2 R RS e B B B 2 T2
FIXFHRZH . P2X3 #4zh#FI+TRPV1 #3h 74 1E 25 )
RS G 2 min B4 F2 46 R 47 2L i ] 3K o5 s 1A,
1M 8T SR, T2 S5 8 min [ 2K, 25
YIES S 12 min LS5 2 min, H45 & A B R4k
I IE) 2 Fas A X R4, P2X3 #3h7] + TRPV1 1)

TR ZHTERE BT 2. 4.6 min, H45 2 45 58 15 22 i)
) 235 2 T 25 [0 IR AL, oAb A [a] i 525 (4l L
BMIZESR, WA KRR 0 BRERF Z2 i R 52
WL 45 K B, P2X3 Bl 4 P2X3 3 7
+ TRPV1 i3 #4H . P2X3 #3507 + TRPVI 1)1
R P RE A 240 I E & KB40 2 46 R R 2 B
] ; Horb P2X3 M EhF) + TRPVL kIR 45 2
B8 A Lt A] i 2 /0 F P2X3 i Eh ) + TRPVI %
) Bl
2.2.2 FHKEAE BRI EL

FATEL RS H R B2 )5 5 2 min NI
g5 FRERE, HEUEE T 20 min, Z5 R G0 2C.D
Firs . 525 Ax R H i, P2X3 B sl R 4 25 i
S5 18 min A9 2 min JL45 2 F4 B K 5k 24 4
%, P2X3 BB + TRPVI 3751 3 41 T 25 ¥ v 5t
J& 2 min H46 2 B ERZ 53 #E >, F
9SG 8 min KR IR(E 5 48 ARG R T
25 S 10,12 .14 .16 .18 .20 min H 45 2 44
UOBOIR B . 2 F 25 B xF BR 4 P2X3 B sh )+
TRPVI1 Ml HA T2 S5 2.4 .6.8 min 44
B R REZ T a5 AR R4, A4S 2H K 46 2
FARR B R B B AR, 45 R R B, P2X3 S sh 4l |
P2X3 #zh 7| + TRPVI1 #sh 4l P2X3 i sh +
TRPV 1 #7021 34 68 A 2038 fn 1 5 K BR46 2 36
JRYCE; o P2X3 sl + TRPV L 41 il 551 41 4
JE L FR RS RE 2 A B D T P2X3 Bsh R +
TRPV1 #5h714 .
2.3 AIARETSNE P2X3 3 TRPV1 BHIEHE AR
FRiEHW =M

FRAT R A B 2¢Ot B R 1 W %% 4% 2 K R
LADRG 7K~F- TRPV1 FHME AR R K, &5 R &l 3 B
7, & 3B fizs, LADRG 7K F- TRPV1 B zh#| +
P2X3 #sh 40 TRPV 1 BH M 40 i i FL e ik 0 i &2
T2 [ AL  TRPV1 34 sh 7241 A1 TRPV1 34 50 5
+P2X3 4
2.4 HIRETINE TRPVL X P2X3 PR E AR
e A

AT R FH R 5O bR 0 2% 4% AR R
LADRG 7K F P2X3 FHPE40 M 3k, &5 R an & 4 fF
. W& 4B i n, LADRG /K, P2X3 18 3 7 +
TRPVI #sh54l P2X3 MM R A B &L T2
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T ra: 25 XTI b TRPVL S5 4 5 0. TRPV B350+ P2X3 #3511 4 ; d: TPRVL 3350 + P2X3 i 5 45 e P2X3 B AL 1
P2X3 a5+ TRPV 1 #4545 g P2X3 SR+ TRPVI M4, (FEIF) 525 A A A, "P< 0. 05, ™ P< 0.01;5 TRPVI #
BRI AL, #P< 0.05,% P< 0.01; 5 TRPVI #3751+ P2X3 MR 4 HLAE, # P< 0.05, 24 P< 0.01,
B 1 AMA P2X3 XF TRPVI i & WA T 5
Note. a,control group.b, TRPV1 agonist group.c, TRPV1 agonist + P2X3 agonist group.d, TRPV1 agonist +P2X3 inhibitor group.e,P2X3 agonist
group.f, P2X3 agonist +TRPV1 agonist group.g, P2X3 agonist+ TRPV1 inhibitor group. ( The same in the following figures) Compared with the
control group, *P< 0. 05, ** P< 0. 01. Compared with the TRPV1 agonist group,* P < 0.05,* P < 0. 01. Compared with the TRPV1 agonist +
P2X3 agonist group, * P< 0.05,4%P< 0.01.
Figure 1 Effect of peripheral P2X3 on TRPV1-induced pain behavior
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H#, 4 P< 0.05,4%P< 0.01,
B2 4ME TRPVL X P2X3 i & W3R AT R 5
Note. Compared with the control group, *P< 0. 05, ** P< 0. 01. Compared with the P2X3 agonist group, ® P< 0. 05, ®® P< 0. 01. Compared
with the P2X3 agonist group + TRPV1 agonist, ® P< 0.05,4% P< 0.01.
Figure 2 Effect of peripheral TRPV1 on P2X3-induced pain behavior
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FIGHERZH  P2X3 I sh I 41 P2X3 8 %]+ TRPV1

R

2.5 HSIERATINEG TRPV1 5 P2X3 gy 3534

EtHEXR

FeATI2R 1 2¢ 56 XUbR ¥k R A 22 L T TE vk WL
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0.8 4

0.4 4

LADRG 7K F TRPV1 1 P2X3 WA K &, 45

WE 5 iR, 26 MR 45 4278 TRPVL fil P2X3
FE DRG /KPS 38 F rh /N 28 o0 40 il 5 ey ST
TESS B HE 8 TRPVL FI P2X3 22 8] 5 A1 56 78 1

100 pm
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Figure 3 Expression of TRPV1 positive area at 14 DRG levels of the rats in each group
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Figure 4 Expression of P2X3 positive area at L4 DRG levels of rats in each group
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TRPVI-TP
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. A. P2X3 Al TRPV1 S o Hpn KOWFRE . B. TRPVI Fl P2X3 fuyg 3Liive &l ,
B 5 &K LADRG /K TRPVI Fl P2X3 Hhgih KT TE TS M

Note. A. P2X3 and TRPV1 immunofluorescence diagram and double-labelling immunofluorescence diagram.

B. TRPV1 and P2X3 co-immunoprecipitation diagram.

Figure 5 Co-expression and co-immunoprecipitation of TRPV1 and P2X3 expressions at

LADRG levels of the rats in each group
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FI &9, T P2X3 X T capsaicin 55 1Y A A& 98 W JC
B s BRETALTA R 3PP AR 16 T BB 5 AN [R] 22 1R
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B, FERL TR AT R, LU AR B S P2X3
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255  TRPVI W] LI L i P2X3 140 i i 42
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AL AN A 2 R e K %A, R TRPVI Y
FIR UL G0, (H A0 8 b2 0 A P C iR, A
TV AR B [ &P 1) B s 3558, 17 P2X3 T IE
UAH I, 005 1E B R 8 10 P2X3 R A2 DL 3 4h
JAM X MR, Bk, B RJRAT A P2X3
KRR L L, B4, MAG R ARG R
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[ Abstract) Objective  To obtain albino C57BL/6N mice and expand their application in research of skin
transplantation and embryonic stem cells. Methods Cas9 mRNA and a series of single guide RNAs (sgRNAs) were
synthesized in vitro and injected into the fertilized eggs of C57BL/6N mice. The gene encoding tyrosinase (TYR), an
enzyme necessary for melanin production in C57BL/6N mice, was destroyed in exon 1 and exon 2, and gene mutations were
generated to obtain albino FO generation. Albino C57BL/6N mice were then subjected to repeated backcrossing and
inbreeding to produce C57BL/6N albino mouse inbreds. Results Two pairs of sgRNA were injected into mice, and the FO

generation of albino mice was successfully obtained. Deletions in both exon 1 and exon 2 of the Tyr gene were confirmed.
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The albino mice transmited the mutant gene to offsprings, and homozygous white C57BL/6N mice as offspring were

confirmed. The mutation types of albino mice were analyzed. Conclusions The mouse Tyr gene is disrupted by CRISPR-

Cas9 technology, and the C57BL/6N albino mouse inbred line is successfully established. This mouse line provides a new

research tool for future chimera preparation and tissue transplantation.

[ Keywords)

C57BL/6N /NS T Little T 1921 4EEE ST (38
RRZ—, I ZR UAMRIE & & F e A &
R AR Ry B e P AME B T N
FH,C57BL/6) /N LR AR AR Z I 55 — A 58 i A
HIF L SRS AT E A
HEJE CSTBL/6N /N, BT LA A FE 847 56 R 1,
H T C57BL/6N B (0 B0, B — 1) 6 €4 5 A R
il T C57TBL/6N 73 [l il [ i Kz 1k 20 AR A 46 J T
WS Tz N . AL GE i 35 bR/ IR 2 B0
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R FERELL, Bt R CRISPR-Cas9 KR
BRI 5 AR 1 (Irs1) JEPR A3 Fa i i AL 11
Irs1 HE R AR R RS °

Fi% R R I (tyrosinase, TYR) J& 28 (7 25 A il 11 5%
S A Al A SO i PCR B 4R T
Tyr N 7E LR A RO R 219 B mRNA ik K
RHARAERMN 2.5 %, ARER Tyr LR %
IR A RRAIG, (2 (5 28 (0 R A A B S DR SR B 3R
Wb B BB R Gl BIR Tyr 3
KT LARAS ik sh ¥, BRTC &4 H AR H A
C57BL/6] /NS ETFFJR T Tyr JE 1K 51 55 58748 3K A5
FI1LE C57BL/6) /NGRS ™) g 1 38 7 Rk
AL T C57BL/6N /N B BF 5% W, A PR 2 T
CRISPR-Cas9 %M 4 45 2 R, LI C57BL/6N /MR A
WFFER 4, i@ AR C57BL/6N /NEL Tyr B 5L
B AR LR CSTBL/6N /NE, SR 5 &t 5 & Rl 58
ME A, B R CSTBL/6N HAL/NRIE3E &, A
C57BL/6N kAl IR G 1 48 e 1 17 ] A 2H 21 T 7%
AL S T H

1 BB

1.1 ##
1.1.1 SCEsh¥

3 JEA# SPF i METE C57BL/6N /MR 6 1 33
— JEJEH R s et CSTBL/6N /N 6 HL 7E 8 ~20 JA]
A S ICR HERL 10 5, 5 FL M6 J8 U5 (5 5 ICR M B
10 RARTETE 25~35 ¢ Z B MR Z 1k, 52
Ui I S I T s i v K 7/ S S /NS
[ SCXK(#7)2012-0002]) . F i/ B e AR 4R 32 7E
R K A R A Bt S 0 Bl ) B o AR R B R B
[ SYXK(#)2013-0050] . /N ELAY BRI | 45 4L IR
o HE FIERURE ARG 1000 1) 4 R Vg 52 38 K 27 IS 2 g S 5
IS8 WA L2 01 s HUHERR J7 1T (TACUC No. A-
2015-002) ,
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AR 1 A1 W M2 ( Sigma, 5€ [E) ; 2 B 5 % it
(Sigma, 3¢ [# ) ; & Ji 55 7% 2 KSOM ( Millipore , ff
) s 22 h 1fiL i (PMSG) AL B A2 PE R R (HCG)
Wy AT =R 20, i T 4C AR BEER UK, —20°C
TRAT s /INBURREERI R 8 mL A= LR /K AR 2 mL 0. 05
g/mlL SR (AR 240k, #HE45 1507294) il 16
mg xylazine ( Sigma, 3% &) ZH hl; A 1 7l ( Sigma, 38
[E) ; pT7-cas9 vector Fl pCD-CAS g H H A YH K
A BRA T 5 Cas9-mRNA K51 SR 7) & mMESSAGE
mMACHINE T7 Ultra Transcription Kit Fl sgRNA %
k7] & MEGAshortscript T7 high yield Transcription
Kit I H Invitrogen 23 7l 5 Rl A2 IR N VTG Xba 1
Premix Taq Hot start J H Takara ¥\ ) 519 &
W Invitrogen 2y 7 A A ; DNA I il 40 i A
YNGR
1.2 Fi&
1.2.1 Cas9-mRNA BRI AL

FIH pT7-cas9 kLT cas9 FeH JGAFAER) Xba |
PRI R WD HANMEAL 7R 50 L B9EEDI I
MAKRZ A 5 wL 10xT Buffer ( Takara),5 pL 10x
BSA,2.5 uL Xba 1,10 pg pT7-cas9 ki, 37°C 7K
W 3 b J5 38 2 e Y R UL IE 7 i s v Y
pT7-cas9 JFURL , 284 53 EOC R THIN e e B, el B ik
JE G HIZE 500~ 1000 ng/pL 9B, U 2 pg FHTHE
HME I

% 8 mMESSAGE mMACHINE T7 Ulia
Transcription Kit Ao FH 158 BH ,Eﬁiﬁl\tﬁié‘ﬁi Cas9-
mRNA, 7E %5 il T E B ROV AR R IR SIS 12 PCR AU
37CK ML 2 h, IR BARZRFTA 1 wL TURBO
DNase,37°C LI 15 min PAZBR DNA AR, SR J5 %)

Cas9-mRNA %5/l Poly (A) &, #E PCR X H 37°C K/
45 min, W 45 5K P2 Y BCE 7R VK B SR A LiCl
DLFE T, IR Cas9-mRNA, i1 A 40 pL RNase-free
H,O #ike, # I 1 pe/ % 73 %% & RNase-free i PCR
B A -80C AR,
1.2.2  sgRNA AYARINE K

FIFH M Invitrogen 24 w45 A 519 P-sgFOF F
T7R1, LA pCD-CAS Fiki AA AR , 4 PCR W & A
sgF0, PCR F£F 4 60°CiE & 30 5,53°CiE & 30 s,
Y2 SR LRG3 A5 sgFO BEHUF 51, MR 4 ok %
TE ALY, X Tyr FE A Exonl Fl
Exon2 [ J¥ %1, & it P X sgRNA ( sgTYRIF/
sgTYRIR/sgTYR2F/sgTYR2R) ( WL3& 1) , ¥ 53T 4f
1) Tyr H& K sgRNA B PO A4S 51490 53 50 5 5 1m) 51 )
T7R1 IR &, Vb sgFO A #8524 #F 17—k PCR J B
(60°C 3B &k 30 s), FiLLZ =9 MBI, LAGI 9
T7primer Al T7R1 #47 —¥K PCR JZ 1 (61°C iRk 30
s,45°CIB K 30 s) , K 55 P EE [ DNA /) 05 k46
L= PCR 729, AR SN 57 sgRNA (B Ai
B—K PCR M1 WK PCR ¥ =4 U 5 L 47
2% REWEEERS LUK /AT, BT BE SR 120 bp 244,
YT sgRNA BUIRSME HE.,

% B8 TInvitrogen 23 H] MEGAshortscript T7 high
yield Transcription Kit Ui B B AE , 174K 4k
seRNA & 1, 7 PCR Y H1,37°C L i 16 h, R4
MEGAclear-96 Purification of Transcription Reactions
in 96 well format IR & IEAEFE T, SE AL sgRNA [1]
I, |l = i A RNase-free ) PCR &, i F A=
Yoy JEIERE TN W B HE IR 1 e/ O B R AR
WK HAr % 2 RNase-free i PCR & 1, il A —80°C
TRAF

R 1 sgRNA G ARG | W) S N B2 5 | W)

Table 1 Primers related to sgRNA synthesis and genotype identification

EIE7E=2 S 1T E(5'-3")
Primer names Sequence (5'-3")
sgTYRIF TTAATACGACTCACTATAGGTGGATGACCGTGAGTCCGTTTTAGAGCTAGAAATAGC
sgTYRI1R TTAATACGACTCACTATAGGTCATCCACCCCTTTGAAGGTTTTAGAGCTAGAAATAGC
sgTYR2F TTAATACGACTCACTATAGGACCACTATTACGTAATCCGTTTTAGAGCTAGAAATAGC
sgTYR2R TTAATACGACTCACTATAGGCCAGGATTACGTAATAGGTTTTAGAGCTAGAAATAGC
JDTYRIF CCTGCCAGGATATCCTTCTGTCCA
JDTYRIR TTCTAATCAAGACTCGCTTCTCTG
JDTYR2F TGCAATTTCAACATCTTTCTCTTG
JDTYR2R AAATTGGCAGTTCTATCCATTGAT
T7R1 AAAAGCACCGACTCGGTGCCA
T7Primer GAAATTAATACGACTCACTATA

P-sgFOF

GTTTTAGAGCTAGAAATAGC
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1.2.3  /NERAZKE IR ERTS

H C57BL/6N /N R T340 5 U /Y PMSG
(FF1~2 45),46~48 h J5{E5F 10 U B HCG, 5
INEETE S 2 KNG BB e i /)y BROTAE IO 3k Ab
FE, B RO . AERSC R AR T A 1 mL R
AT e B AE i M, T AR AT A 5 0. 3%
75 W RR WY M2 552, 3 min f5 FHBEIE A I
AR TFAZ B R 55 AR Y 2R B, A% 31 55 4 0
A KSOM B 3=
1.2.4  /NELSZHRG BF () S A 5

¥ Cas9-mRNA FIPYF sgRNA $4 18 20 ng/ wL Al
40 ng/pL MW EHITIR G RS 7E 10 em K
Fr L35+ b AR , A1 AR I 0. 2% PVA ) M2
% 30 L B9EEVER . P97 (Sutter, JE ) Hr4HY
PR G, AR BT W20 2 pum LT R /N
TFO TESA A 0.5 em ZE45 IKAR , 9K )5 5
TEBCA Piezo MY W AMARAEAL b A Cas9-mRNA #l
seRNA RAGWR . IR DR ERF 3245 B [ 0 48, TS
ETFTWGE A W 2% 3 1 K P4 A4 2/3 (4
ARG A SOk T A R R O Bl v A T
W A5 KZ) 5 pL BY Cas9-mRNA il sgRNA HYIR A Wik
AR ZAG LT, FESE IR RFE A KSOM
Rigf 3 78 37°C ,5% CO, 1R 3 240 f 15 3746 vh 1%
1.2.5 {41524 90 i IR RS A

TE AR KRG ICR ME B 2502 RS BE, DAL
FBAE R BIVE R Z A B, RIS AT IR R Rl . 32
FEUNESS IS 24 h, 8L B 2 2 A0 I RG 2E1 T IR
GRS, BFNAE 130 wm, 23 OGRS IRET B 1
TR S 0 B AT T, 4 s B , 2 BRI P W A B
— AN IR RS AR SRR R N T 1
mL {F AR AL — /N E DR IR S A /N E b
N ORAE , 47 sh IR e R 3 5 48 b ) IR i A A
iy O R CER , LATENS & B B A L)
1.2.6  HrAE/INEURT F1AR/IN BRI L DR 7R 48 5

X AT HT A 00 70N BUFE — JRL e a6 A7 5 0 B 2
BY R (A BEVBEVE A RE i o B B, A 100
) 50 mmol/L NaOH %59, 98°C JiF4 30 min, £ J5 I
A 10 pL ¥R 1 mol/L Ay Tris-HCI(pH=17.5) , iR
SIJEAER DNA AR, AR 8 #0 3 PRL i 7 A3 5 1) R
FEAH 200 bp Z2 A7, K Premier 5 43 55811 H 6 X
% %2 5] ¥ JDTYRIF/JDTYRIR F1 JDTYR 2F/
JDTYR2R( L3 1) , /NEUIEHZH DNA s , i 47

PCR S48 H 45741 . £F X Exonl BY%EE 519
J& IDTYR1F/JDTYRIR(60. 1°C 3B 'k 30 s,54.5C B
K30 s), HEYH B 201 bp; £%F Exon2 AY % E 514
2 JDTYR2F/JDTYR2R (52.5°CiB k 30 s), HA#Y A
BL 258 bp, BT PCR ¥ 3459 )& JDTYRIF/
JDTYR2R (54.5°CiEk 30 s)

B3P EL S WL 6T 2% B BE HEEE S HL Uk 43
B, #8537 3% L TR A G I 2w 2R A 5 I 434
1.2.7 4k C57BL/6N /N B 58 R 22 4

¥ FO AL/ EL S B 2R R C57BL/6N A2 B3RS Fl
RN X F1 AR /N BUCR B 22 19 5, 3R 15 F2
RNE F2 RUNRA R AR A6 (Tyr-/-) Pifh,
FUB I B/INRUBR F, 5 B ALY CSTBL/6N HEFT 38
BofRis F3 U284 1. F31CH B R AT A 23RS
F4 1R, F4 1R SRR 4k 2k 5 85 A= LAY CSTBL/6N [1]
T, WM AM RS EENZ 4 KRG, RAAG
C57BL/6N #4171 28 Z 5 AAERFl &

1.2.8 4k C57BL/6N /NELH T A%B-

B3 H 4k C57BL/6N /N LA 4 H A4 R
C57BL/6N /INER, 43 5 S0UHE I F VL AR BT, B35 F K kB
LB WK E 2~3 min J5H AN TS, M
2% NaOH JII#AZE 80~90°C #F4E 10 min L ZFR T &
R IR, et E IR TR E D A
{1 (Epson, HA) 17 H%, MHEMEGHITES
(Merge ) 53H7 .

2 &R

2.1 Cas9 mRNA #1 sgRNA BI& B

pT7-Cas9 JEAi Lt Xba 1 HEEII S (UL 1A)
W% TR E 4757 5%, 345 Cas9 mRNA , I 2 Hifk
FES4 1479 ng/pL, FIH 5N EE DT sgF0 R B A
Bt , e Wi PCR I Ji K75 sgRNA B 5% S AR
M, 8 2% SN wE e L UK o0 A Ja , 18 B FE 2 R
120 bp BYE—2%4F (WLIE 1B) , FHAE sgRNA (155 5%
Bt , 28 % sk e, ARAS W FE 43 i ol 3234 3225
3793 4455 ng/ L BV seRNA |
2.2 FO R/INRHIIRIGFILETE

I 0 O S A O =K R EE S 20 ng/pl
1 Cas9-mRNA I fd F ¥k B ¥ 8 10 ng/pl 11
sgTYRIF, sgTYRIR, sgTYR2F Fil sgTYR2R 1R 2] )5,
HF Cas9-sgRNA AR A Y S A A% 0] 32 0 DR 1 i
i, 552 K 35 MUK E 2 2 MY it FE P g
TR ARG 38 o VG R A B R B A A R AR 32 K
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A, M1:DL10 000 DNA Marker;a: pT7-Cas9 Bi#i;b: Xba I B§Y] pT7-Cas9 JHik;B. 1-4:—IK PCR ¥~
4774, M2;DL1000 DNA Marker;5-8; ¥k PCR #3474,

Bl 1 AL pT7-Cas9 BB RSN 57 sgRNA FORHR
Note. A. M1, DL10 000 DNA marker. a, pT7-Cas9 vector. b, pT7-Cas9 vector was cut by Xbal. B. 1-4.
Products of the first PCR. M2, DL 10 000 DNA marker. 5-8, Products of the second PCR.

Figure 1 Linearized pT7-Cas9 plasmid and templates of sgRNA transcription in vitro

AL FORUNRGB. FLARVIERLGCL 2 RN DL Ik CSTBL/6N NRIESE R .
B2 Ty SR NEUR £

Note: A. Offspring of FO generation. B. Offspring of F1 generation. C. Offspring of F2

generation. D. Albino C57BL/6N mouse inbred line.

Figure 2 Offsprings of the Tyr knockout mice

(A DA Hh L 20 d AEDRINZS SRS A2 7= 2 HURRR,
Hrp— P, — Hop R e (LE 24)

B H/NELRY DNA 280t PCR %58 , 2% Bl i
B UG (LI 3A) &3, H /MR Exonl §7H
TSy, Hoh— 200 B B8 1 B 457 ; Exon2 37
B 25 BN T RS BAa s i

By AL, XF PCR =W 005 70 A & 30, 1 /N B
i Exonl F1 Exon2 #0AA Fi5 2848 (8 2 I g K
30T SR FO /N BRI 7 25 2Ry B AR A
2.3 F1R/IMBEHRBFEE

4 FO A /N BURNEF A= /N RS BE, 3145 4 H
F1 /N (WK 2B) , %F % Exonl () PCR & 45 5
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R 15 /NRAN2,3,4 5/ BUEE PR BN ] (D 1A
3B),1 S/NRP I 1 &,2,3,4 S/ANRBP T 2

M | 2 L 1 5 6 Ml
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{H}
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2541 3 EE X Exon2 [ PCR K5 SR R 1,2,3,4 %5
/N EREE PRI BUAR [R] ( LI 3B)

1] M2 I 2 3 4 M3 5 &6 T 8
bp
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T
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R

S0
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A, 1:F0 B /NI Exonl PCR P84 74) ;2. F0 18 /il Exonl PCR 37243 FO fC B A/ B Exon2 PCR ¥ 3749 ;4.
FO X 1 /N Exon2 PCR 73477455 FO fX 2 5/ LS N & F PCR §7 34779056 FO 1R A /NS N & F PCR ¥4 7= 4 M1 .
DL1000 DNA Marker, B, M2:DL1000 DNA Marker;1-4; 4 2 F1 fCEE/NR Exonl PCR 78474 ; M3 DL1000 DNA Marker;5-8
4 HFTACRA/NR Exon2 PCR P73, C, M4.DL1000 DNA Marker;1-5:5 24l &8 /M Exonl PCR ¥ ™=¥), D, M5.
DL1000 DNA Marker;1-5: 5 Rali5HE /MR Exon2 PCR 37415

B3 rofR.F11t 4458 Exonl Fl Exon2 PCR 455
Note. A, 1. Exonl PCR product of black FO generation. 2. Exonl PCR product of white FO generation. 3. Exon2 PCR product of black FO

generation. 4. Exon2 PCR product of white FO generation. 5. Transintron PCR product of black FO generation. 6. Trnasintron PCR product of
white FO generation. M1; DL1000 DNA marker. B, M2: DL1000 DNA marker. 1-4, Exonl PCR products of four black offsprings of F1
generation. M3;:DL1000 DNA marker. 5—-8, Exon2 PCR products of four black offsprings of F1 generation. C, M4: DL1000 DNA marker. 1
-5, Exonl PCR products of five white offsprings of homozygous generation. D, M5; DL1000 DNA marker. 1-5, Exon2 PCR products of

five white offsprings of homozygous generation.

Figure 3 PCR products of Exonl and Exon2 between FO, F1 and homozygous generations

2.4 F2R/NBEHREMFEEL

FIH FLARE 3 5814 S/NEACHLRAS T F2 4R,
(WL 2C) 28 F2 AAH iy /) B B A A A A
C57BL/6N #1701 22, HATC £ WAL 4 Ik, A4k
Ffrfk C57BL/6N /NRUEAZ R (WLEI 2D) o SR A4
[FI A Sl ik e e )y 4R, B B PCR 724
( WL 3C&D) VI 5 507 46 Blast X g &3, F
/NRTE Exonl A W Fh 28 A2 6 A 435 Bl 2K 45 bp
14 bp , Exon2 A T Fh 58 AR A 3 S gk 2 7 bp

F1 3 bp, 8 3 44 25 10 43 57 & B P E1-45 Al
E2-3 7E[F— 4 e afk b E1-14 T E2-7 7E[R]— 45 ¢
ik E(LE4)
2.5 B4 C57BL/6N /NRH T B E

WX 3 H 4k CS7TBL/6N /NS 4 HEf A
C57BL/6N /NEUF Sl B A R B 8 6 8, FeAl
&I Ak CSTBL/6N /N BRI R 6 5 B A
C57BL/6N /N T o JE % — 2 (WKl 5), &
BB AR S R
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sgTYRIF PAM

— 5......GTCCAGTGCACCATCTGGACCTCAGTTCCCCTTCAAAGGGGTGGATGACCGTGAGTCCTGGCCCTCTGIG. .....3"

Whitell  5°......GTCCAGTECACEATCFEGACCTEAGTICEEEFE A Gabatoairaiecat GAGTCCTGGCCCTCTGTG. ....3" (45 bp)
Whitel2  5°......GTCCAGTGCACCATCTGGACCTCAGTTCCCCTTEAAAGGGG TGGAFSA e+ TGGCCCTCTGTG......3" (-14 bp)
Black 5......GTCCAGTGCACCATCTGGACCTCAGTTCCCCTTCAAAGGGGTGGATGACCGTGAGTCCTGGCCCTICTGIG. ...3° (WT)

seTYRZF  PAM
5°..... TTTATGOGATGGAACACCTGAGGGACCACTATTACGTAATCCTGGAAACCATGACAAAGCCAAAACCCCC....3°

EXON 2
3 AAATACGCTACCTTGIGGACT CCCTGGTGATAAT GCATTAGGACCTTIGGTACTGTTICGGTITIGGGGG. . ....5°
PAM sgTYRIR
White2]  5°...... TTTATGCGATGGAACACCTGAGGGACCACTAT TAC S+ TGGAAACCATGACAAAGCCAAAACCCCC.....3"  (-Tbp)
White22  5°..... TTTATGCGATGGAACACCTGAGGGACCACTATTACGTAA=CCTGGAAACCATGACAAAGCCAAAACCCCC......3" (-3bp)
Black 5*.....ITTATGCGATGGAACACCTGAGGGACCACTATTACGTAATCCTGGAAACCATGACAAAGCCAAAACCCCC......3" (W)

VE LD B PR PAM, ST REF R sgRNA {4,

4 sgRNA (i s Falif 7/ B AR R A2 T X
Note. The red letters indicate PAM and the green letters indicate sgRNA sites.

Figure 4 sgRNA sites and mutant forms of the homozygous mice
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Figure 5 Comparison of the mandibular scan images between albino C57BL/6N and wild-type C57BL/6N mice
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Treatment with the high frequency of Mozart K448 in a mouse
model of depression
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[ Abstract]  Objective A C57BL/6 mouse chronic unpredictable mild stress model of depression was established

to investigate the effect of high frequency sound waves in Mozart” s K448 Sonata on depression. Methods Establishment of
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a chronic stress model; Mice were divided into a blank group (n=10) lived with no stress and model group (n=36)
established 5 weeks of chronic mild and unpredictable stimulation ( CUMS). Therapeutic intervention; The mice in the
model group were randomly divided into the model control group (n=12), fluoxetine group (n=12), and music group (n
=12) after 5 weeks. Fluoxetine hydrochloride solution ( 10 mg/kg) was injected intraperitoneally every day in the
fluoxetine group, and the other two groups were injected with the same amount of saline lasted 2 weeks. The music group
received a 2-hour high frequency music intervention every day lasted 2 weeks, while the other two groups did not. Outcome
variables: Weight was recorded 3 days before the experiment and every week during the experiment. Tail suspension test
(TST) and forced swimming test (FST) were performed in weeks 1, 5, and 7. At the end of week 7, mice were sacrificed
and brain homogenates were prepared. BDNF levels were determined using an enzyme-linked immunosorbent assay
(ELISA). Results
blank group (P< 0.01). In the FST, immobility times of the model group were longer than that of the blank group ( P<

At week 5, in the TST, immobility times of the model group were significantly longer than that of the

0.05). Compared with the model control group, both the fluoxetine group and music group exhibited a significantly shorter
immobility time of tail suspension (P< 0.01, P < 0.05) Compared with the blank group, the model control group had a
significant lower BDNF content in brain homogenates (P< 0.01) ; compared with the model control group, the fluoxetine
group had a significantly higher BDNF content (P< 0.01), and there was no significant difference in BDNF content
between the music group and the model control group (P> 0.05). Conclusion Mozart K448 Sonata high frequency sound
waves may optimise the therapeutic effect on depression mice models.

[ Keywords)

music; frequency; depression; mouse model
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Note. A. Frequency spectrum of the normal music. B. High-frequent spectrum of the music (above 6000 Hz) .

Figure 1 Frequency spectrum analysis of the music
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Figure 3 Behavioral evaluation of the CUMS mouse models
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Figure 4 Behavioral evaluation of the music intervention
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Table 1 Comparison of the BDNF content in brain tissue of
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215 %% JRi#H 4N BDNF &4t
Groups N BDNF content in brain tissue
%5 141 Blank 10 376.36 + 61.49
BRI B4 Control 12 321.88 + 58.26™
SVEITH Fluoxetine 11 393.44 = 58. 90"
AR 4L Music 11 366. 82 = 50. 54

T P< 0.01, S HAMIL ™ P < 0.01, 5B BA AL,
Note. ** P<0. 01 vs. the blank group.*P< 0. 01 vs. the control group.
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HIAFIRR 25 IR R R R L, AR AERT
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Characteristics of basal metabolism and expression of related genes in
spontaneous type 2 diabetic Chinese hamster
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[ Abstract]  Objective To explore the basic metabolic characteristics and expression of related genes in the
skeletal muscle and liver of Chinese hamsters with spontaneous type 2 diabetes, including glucose and lipid metabolism,

body composition, diurnal movement, metabolism, and the expression of relevant genes. Methods We regarded the
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Chinese hamster with fasting blood glucose (FBG) higher than 6. 0 mmol/I. and post-prandial blood glucose (PBG) higher
than 7. 0 mmol/L as diabetic based on the mean and 95% frequency distribution values of FBG and PBG. 12 hamsters at
the age of 48 weeks in diabetic and control groups, each group was half male and female. Animal weight, blood glucose,
blood lipid, serum insulin content, and glucose tolerance were measured. Animal body composition, diurnal movement,
and metabolic characteristics were analyzed by InAlyzer Dual Energy X-ray Animal Body Composition Analysis System,
High-throughput Behavior Analysis System, and Open Circuit Calorimetric Metabolic System, respectively. The expression
of diabetes-related genes Glut4 and Pparg in skeletal muscle and liver were measured by Real-time PCR and Western
blotting. Results In the diabetic group, blood glucose and lipid, serum insulin, food intake, daytime activity, and heat
consumption were significantly increased, while the percentage of body fat was significantly decreased.Compared with the
control group, the mRNA and protein expressions of PPARG in the liver and skeletal muscle were significantly increased,

and the mRNA and protein expressions of GLUT4 in skeletal muscle were significantly decreased in diabetic hamsters.

Conclusions

This type 2 diabetic Chinese hamster model exhibits non-obese, abnormal glucose and lipid metabolism, and

insulin resistance. The down-regulation of GLUT4 may be related to abnormal glucose metabolism and insulin resistance in

skeletal muscle, while the up-regulated PPARG may alleviate insulin resistance in the liver.
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Figure 1 Changes in body weight and BMI of the Chinese hamsters in control and diabetes groups
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Table 2 Metabolic parameters of the Chinese hamsters in control and diabetes groups (x * s)
= 1 % i pENilEN ] il =g A EAN Je i 3% NI
P 75 JIg LA A LR 5 4 . v
éﬂ il (mmol/L) (mmol/L) (mmol/L) (mmol/L) HEH(%) (pnU/mL) e %—I%I\ﬁ?}liﬁ £
roups FBG PBG TC TG HbAlc Insulin
X HRZH
Control 3.96 £ 0.16 5.81 +0.42 4.29 £ 0.54 1.84 £ 0.65 6.57 + 1. 12 36.25 + 8.27 6.31 +1.29
y FE Y
ﬁﬁﬁﬁ;? 6.90 £ 0.37™ 7.85+0.63™ 4.58 +0.55 2.66 +0.62™ 9.16 £ 1.46™" 52.15 £ 13.05" 14.78 + 3.51™"

. SXTRA AL, *P< 0.05, ™ P< 0.01, ™ P< 0.001,

Note. Compared with the control group, “P< 0.05, * P< 0.01, *** P< 0.001.
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Figure 2 Oral glucose tolerance test (OGTT) and insulin secretion of the Chinese hamsters in control and diabetes groups
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Table 3 Body composition of the Chinese hamsters in control and diabetes groups (x + s)

Py 7 JLP i YR

- - b B/ HE
e H43H (%) 45 (%) 43 (%) HDHHA A B (g/cm?) B (em?) AR (em®)
265 HIP (%) . .
. Percentage of Percentage of  Percentage of bone . Bone mineral density Bone area Bone volume
Groups . Fat/tissue
body fat body lean mineral o (%) (BMD, g/cm?) (em?) (em?)
mass (%) mass (%) content (% ) rato L7
Xof HE2H
Control 19.39 + 0.82 78.13 = 1. 11 2.86 £0.25 19.93 + 0. 84 0.92 + 0.01 10.05 = 0.79 0.52 = 0.04
W P
*ﬁiﬁgﬁ 12.28 + 1.49™" 84.67 = 1.23™  2.99 + 0.39 12.67 = 1.50™ 0.86 = 0.05 11.02 + 0.99 0.61 = 0.08
tes
T SN, ™ P< 0.001,

Note. Compared with the control group, ** P< 0. 001.
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Figure 3 Expression of GLUT4 and PPARG in the skeletal muscle and liver tissues of Chinese hamsters in control and diabetes groups
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Table 4 Exercise and respiratory metabolism levels of the Chinese hamsters in control and

diabetes groups (Day 12 h/Night 12 h) (x % s)

. . s AETHFE
B o N=N Frkr E=N E ) = n >
2 5 Jélj]ﬂ%%é(m) BHNHEE (cm/s) Tﬁﬁ“g(g/ﬁt) L)JJ(;(mL/j() JLE&X#\L?(RER) (kcal/min)
Groups Distance (m) Velocity (cm/s) Food intake Water intake Respiratory exchange Heat consumption
(g/day) (mL/day) rate (RER) (keal/min)
HA 286. 67 + 55.83 1.06 = 0.21 0.525 + 0.286 0.157 + 0.089 0.987 £ 0.054 0.035 + 0.002
xiggl  Day
Control " )
Night 524.12 + 44.81™" 1.36 = 0.093 2.911 £ 0.736"  1.726 £ 0.109 ™" 1.025 + 0.074 0.048 + 0.003 ™"
EPN . -
361.07 + 30.73 1.07 £ 0.096  1.963 + 0. 160 0.167 = 0. 117 0.942 £ 0.061 0.049 + 0. 002
BiRma Day
Diabetes bid
466. 34 + 45.83"* 1.32 £0.19 4.187 = 0. 468" 2.624 + 0.436 0.929 + 0.098* 0.057 + 0.003*

Night

T SM A H KM, "P< 0.05, ™ P< 0.01, ™ P< 0.001, SHEEHHKAMLL,*P<0.01, SXHHRARBALL,*P< 0.05,
Note. Compared with the control group during the day, *P< 0.05, ** P< 0.01, *** P< 0.001. Compared with the diabetic group during the day,” P<

0. 01. Compared with the control group during the night,*P< 0. 05.
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[ Abstract ) Objective ~ An orthogonal design was used to optimize the experimental parameters for the
establishment of a rat model of conditioned fear memory and to identify the optimal experimental conditions. Methods The
model of conditioned fear memory in rats was established based on pavlovian conditioned fear theory. Three factors, namely
sound intensity, cycle times and electric shock intensity, were adopted, and each factor was set at 3 levels. Orthogonal test
was carried out, and the freezing time ratio of rat was taken as the index to observe the changes in different parameters of
expression of fear memory and determine the best experimental conditions. The conditioned fear memory model was
established again under the optimal conditions of the previous experiment, and the fear memory retention test was conducted
24 h, 1 week, 2 weeks, 4 weeks and 8 weeks later. The rats without fear training were used as the control group. Results
The intuitive analysis results showed that the effects of various factors on the duration of fear memory of rats was sound
intensity = cycle times > electric shock intensity in turn. The ANOVA test showed that the cycle times had a significant

impact on freezing time ratio (P< 0.05) , but the sound intensity and electric shock intensity had no significant impact ( P
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> 0.05). The optimal experimental conditions were as follows: 75 dB sound, 0.8 mA electric shock, and 15 cycles. Fear

memory was maintained at 24 h and 1 week after the establishment of the model, which was significantly different from that

of the control group (P< 0.001 and P< 0.05). Fear memory had faded 2 weeks later, at which point there was no

significant difference in freezing time ratio between the model and control groups (P> 0.05). Conclusions This

experiment clarifies the primary and secondary factors that influence the establishment of a rat model of conditioned fear

memory The optimal experimental method for model establishment are identified. This study lays a foundation for the

standardization and normalization of fear memory model.
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Table 1 Experimental factors and levels
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Table 2 Design of the orthogonal test and results of intuitive analysis

[aoas ?%f{(”f) FE AL (A) HL AR EE (B) TEABAEL(C) AARIF ) (% )
Test No. un.l er] ¢ Sound intensity Electric shock intensity Cycle times Freezing time ratio
animals
1 8 70 0.5 5 63
2 7 70 0.8 10 75
3 7 70 1.0 15 77
4 8 75 0.5 10 71
5 8 75 0.8 15 82
6 8 75 1.0 5 75
7 8 80 0.5 15 69
8 8 80 0.8 5 59
9 8 80 1.0 10 75
K, 215 209 197
K, 234 216 227
Ks 203 227 228
K, 7 70 66
K, 78 72 76
K, 68 76 76
R 10 6 10
LEER A=C>B
&3 JTEER
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Figure 3 Results of the fear memory retention test
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[ Abstract] Objective To establish a germ-free mouse strain to provide a new animal model for studies on the
relationship between gut flora and Alzheimer’ s disease and the changes of amyloid plaques in the brain, by establishing a
APPswe/PS1AE9 (PAP) transgenic mouse model using a cesarean section decontamination technique. Methods Cesarean
section was performed on pregnant PAP mice to obtain pups under a SPF barrier environment, and the pups were then
transferred to female germ-free ICR mice that served as foster mothers. Survival rates of the pups were calculated at 7 days
of age and after weaning. Pathogens were tested each month according to the national standards. The newborn PAP mice

were genotyped by polymerase chain reaction (PCR). The deposition of AR plaques in brain tissue were observed using
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immunohistochemical staining. Result 12 cesarean sections were performed on pregnant PAP mice, and a total of 63 pups

were collected and transferred to a foster mother. The survival rate of pups after cesarean section and weaning was 95. 45%

(63/66) and 95.24% (60/63), respectively. Pathogens were tested after decontamination, and all the pups were

pathogen-negative, thus met the requirement of germ-free mice. The deposition of AP plaques was lower in the germ-free

PAP mice than in SPF mice of the same age. Conclusions

A germ-free PAP mouse model is established by cesarean

section and foster mother technique. This new animal model can be used for studies on the relationship between gut flora

and Alzheimer’ s disease and the changes of amyloid plaques in the brain tissue.
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FL, A B2 ARFLG , iR LR A, ARELTEL 20~
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1.2.3  JCrARASLERr R A

BN /NREER 2 AR AR, B4 A
TR B 2 P sk ok ROK /DN B i % T i 2 S
55 S0 I G v AT T BRIR S A I 5 L E
ks,
1.2.4  FEIHBAYESh YA 2

TN AE 9~ 14 d N BT RESARIC, W4 5T
AL LU B SR 1 T R TR R RS A
1.2.5 MBSyt

/I BRI S04 Ak E, J BBCAE 2 ik 11 2 147 7K B b
W 24 h BREE LMK T RE I IR A
AL HIVERE R 5 wm BEWTTE A0S YI R, B 3 B 1,
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[F] 7 % SPF 25 /)N B S5 R Bz )23 N B B i AT S 5 40
g fa IEBES B R 2 Ak, DI ROLE T g s
Aperio VI A R G XU) Fr dEA7 434, BEHL AR 5
D E LR (400x) , 2K FH Image-Pro PLUS K& 4347
FRGUANS BRSNS B BB (10D ) #EAT 700, 4
Wit 3 skil i BeF 1A .
1.3 SZitEHZE

SEER A R BB R E 25 (x£s ) R, SPSS22. 0
At AT 22 5 WE 0T, P< 0.05 hZE R A ST

2 R

2.1 HEFEFAERIBR

FRAEELR 20 HEER A, 13 HOUE 204 B,
Horp— i B BUFE 18.5 d A SRS, Hidx 12 458
FIE TR MR 66 H(FE 1), Hha 3 B
HER 1ICR Je B A TACEL, Hodx 63 HARE RS
RAZEF, BN 60 H e =105 R M
BUNAETE 24351k 95. 45% Fi1 95. 24%

R 1 PAP /MBI E TAR SACEL B

Table 1 Caesarean section and fostering results of the PAP mice

e I ZER=- (@) FUAFE(R) BB R (%) BFELAE(R) LT R (%)
I];N 7 Number of pups Number of pups Survival rate Survival number Survival rate
o been collected been fostered of caesarean section (%) of weaning pups of weaning pups (%)

PAP1 5 5 100 5 100

PAP2 6 5 83.33 5 100

PAP3 5 5 100 5 100

PAP4 4 3 75 1 33.33
PAPS 6 5 83.33 5 100
PAP6 6 6 100 6 100

PAP7 5 5 100 5 100

PAPS 7 6 85.71 6 100

PAP9 6 6 100 6 100
PAP10 5 5 100 4 80
PAPI11 5 5 100 5 100
PAPI12 6 6 100 6 100

2.2 HEFMREHVHEE

TR TCTR PAP /N ERUIE R % o 25 SR DL IR 1, 5t
APPswe/PS1 & [H () BHAE BT UL M PCR 9748 &%
W5 B R BOR/MESE, BITE BRTCAAH (B 1), #1
MR RAE 9O Al 12 ARRZ R LE BB
K AFE LW YR (E 2)
2.3 ZTERESHERFREN

¥ I GB/T14926. 41 , 43 — 2001, GB14922.2 —
2011 FEATTCHIRAAI , K25 /545 (18 3) o
2.4 BABEHAG T

9 HitJow 1k PAP /MR (B 4A) S SPF 2% (A
4B) I BE B e Ak 5 . JEE PAP /MR
T Sy NBEHR /D | K )2 BB R I PR R
(%£2),
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1 B4 PAP /N PCR S8 BEIE i Uk 4]
Figure 1 PCR identification of a part of PAP mice by gel electrophoresis

2 i PAP /NERIE W

Figure 2 Cecum of the germ-free PAP mice
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Figure 3 Pathogen test results after caesarian section in the PAP mice
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2 PAP/NEUI A BES TR DL S AN B (2 £ 5, n =5)
Table 2 Senile plaques deposition and IOD in brain tissues of the PAP mice ( x £s, n =5)

1 5 Hippocampus JZJZ Cortex
#5) Groups FH 200 £ G HEE FH 200 £ TR (H
Number of positive cells Number of positive cells 10D
B PAP/I\E&. 11.32 £ 3.73° 1987.64 + 79.62" 8.57 + 2.88 1431.62 + 132.113
Germ-free PAP mice
7 55
SPF % PAP /MR 17.46 + 3.78 2864.37 + 198.45 9.24 +2.62 1716.71 £ 159.71

SPF PAP mice

.5 SPF %% PAP /NEAHLL, *P< 0. 05,
Note. Compared with the SPF PAP mice, “P< 0. 05.

4 PAP /N P BESAG I 45

Figure 4 THC staining of senile plaques in brain tissues of the PAP mice
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ASHITFERE TG B BN HT T 9F 5 Bl 7K 2 38 BRAE
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s A ARCHS 400 T 9% ERL 0 R BRIV I e BRI AIG 2H 21 Bax
e b ALl
MR, ZEE EFY RS, WAL
(CHR A IR R B AR WIS 5 0 S S5 % (HRBOERS) , 220 730070)

(HE] B SREDESMREYE I IR KRR B KN Bax RIAMF W, FiE K230 Wistar
BB SY g Xof IR RN 38 PR 45 20 4 (o0 s RIS b BRI ) o 5 7 R, 40 BI4A T 1632 164 me/kg MK
JESR TR A 9 d, WA SR 46 v PR IR IS R BRI A5 4540 & 35 52, FHBIIR S 28 I B (ELISA ) A8l
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5 WA (P< 0.05,P< 0.01) ; /MR 21 Bax FRIE/K T LUXT RGN T 17. 16% ,52. 96% F1 90. 01% , 22 5+
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Effects of heroin on embryonic development and Bax expression in
embryonic rat brain tissue

YU Farong, LI Jianjun, LIAN Xiuzhen, LI Denglou, XIE Mingren "

(Gansu University of Political Science and Law, Key Laboratory of Evidence of Science and
Technology Research and Application, Lanzhou 730070, China)
Corresponding author: XIE Mingren. E-mail; xmr6700@ gsli.edu.cn

[ Abstract]  Objective To study the effects of heroin on the development and brain Bax expression in embryonic
rat brain tissues. Methods Wistar rats were randomly divided into a control group or heroin administration groups (low,
medium, and high dose groups). On the 7th day, 16, 32, and 64 mg/kg of heroin were administered to the low, medium,
and high dose groups, respectively, and heroin was continuously administered for 9 days. The effects of heroin on
morphological development of embryonic rats were measured, and the expression levels of Bax in embryonic brain tissues

was detected using enzyme-linked immunosorbent assay ( ELISA). Results The total numbers of living embryos in the
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low, medium, and high dose heroin groups were decreased by 27.27%, 37. 12%, and 48.48% , respectively, compared

with the control group (P< 0.01). Bax expression levels in embryonic cerebral tissues of the low, medium, and high dose

heroin groups were increased by 11.41% , 47.06%, and 83.74%, respectively, compared with the control group (P<

0.05; P< 0.01). Bax expression levels in the embryonic cerebellar tissue were increased by 17.16%, 52.96% , and

90.01%, respectively, compared with the control group (P < 0.05; P< 0.01).

Conclusions  Heroin inhibits

morphological development in embryonic rats, and this inhibitory effect increases with increasing doses of heroin. This effect

may be caused by the heroin-induced upregulation of Bax expression in embryonic tissues and organs.
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M 2H SR B B X B D T 48.48% ,  JIGFCE THE KT AN 4, IRJIG AR R ) B o v
37. 12%M127.27%., (1) e 2 R R R B T B R E R A I G
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BAAE AG U 1T s R s A &, (E 1)
F1OEEFEXTRBIRIGE & 15 m

Table 1 Effect of heroin on the embryonic development of rats

Xt B2 {5k R abilnedi| 25 70 Hek 2
Control group Low-dose group Medium-dose group High-dose group

Z 2K B Total number of pregnant rats 10 10 10 10
AN S Total number of embryos 132 126 128 124
1% IR 2L Total number of live embryos 132 96 83 68

IR #% Viable embryo rate% 100 76. 19 64. 84 54. 84
KK & WEEL Number of undeveloped embryos 0 30 45 56
W T G S8 Total number of malformed embryos 0 32 46 54

TE A IREENRNG B R RN AL A2 IR BUR I R . C ¥ TR il i 2B IR i . A TV R & A4, IR il
R H AR o D T3 R o R0 S LR A < B IO BB 7 AN, B AGRRZ H T A
B 1 i R R RIS & & 52

Note. A, Embryos in the control group. B, Occipital bone hypoplasia, embryonic encephalocele deformity in the low dose heroin group. C, Embryos

in the medium-dose heroin group: occipital and parietal bone hypoplasia, obvious embryonic encephalocele. D, Embryos in the high-dose heroin
group: occipital, parietal and temporal bone hypoplasia, and more obvious embryonal encephalocele.

Figure 1 Effect of heroin on embryonic development of the rats
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Figure 2 Bax standard curve and linear regression equation of the standard curve
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Figure 3 Effect of heroin on Bax expression level in the

rat embryonic brain tissue
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Figure 4 Effects of heroin on Bax expression level in the

rat embryonic cerebellar tissue
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Exploration of the mechanism of Taizishen Zhike Yiqi Powder in the
treatment of asthma in rats

ZHAO Chen, ZHAO Jiao, ZHAO Xiaobo, BAI Yan™ , JIN Runming

(Pediatric Department, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan 430022, China)
Corresponding author: BAI Yan. E-mail; yanbaixh@ hust.edu.cn

[ Abstract]  Objective To explore the effect and mechanism of formula TaizishenZhikeYiqi Powder ( TZY) on
improving the symptoms of bronchial asthma rats. Methods Rats were randomly divided into 7 groups: control group,
asthma model (OVA inducted) , low dose group of traditional Chinese medicine, medium dose group of traditional Chinese
medicine, high dose group of traditional Chinese medicine, Pulmicort respules group, group of Pulmicort respules and
traditional Chinese medicine. HE staining was used to detect the submucocal inflammatory cell infiltration in the bronchial
mucosa. Flow cytometry was used to detect the ratio of Thl to Th2 cells in each group. The levels of 1L-4, 1L-5, Igk and
TFN-v in bronchoalveolar lavage fluid (BALF) of each group were detected by ELISA. The levels of SOD, MDA, GSH and
T-AOC in BALF of each group were detected by biochemistry. Results TZY reduced airway inflammation exhibiting a
therapeutic effect on asthma in the rats. Compared with the asthma group, the ratio of Thl to Th2 cells in the TZY group
and joint use group increased significantly, the levels of IL-4, IL-5 and IgE decreased significantly, but the level of IFN-y
increased significantly ( P<0.05) in a dose-dependent manner. Compared with the asthma group, the levels of GSH, T-
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AOC and SOD in the TZY groups and joint drug use group were significantly increased, and the level of MDA was

significantly decreased. The TZY and Pulmicort respules combination group exerted similar or better effects than the

Pulmicort respules atomization. Conclusions TZY can alleviate the inflammatory state of bronchial mucosa in rats. The

mechanism may be related to up-regulating the ratio of Thl to Th2 cells, regulating inflammatory factors and oxidative

stress.
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TE A STHRAL; BEEGAL ; C.TZY R AL D.TZY Pl B.T2Y @Rl 4l P K40 UL; G5 K SE 487 +T2Y 41, (FREFA)
1 TZY Xz R RS I SR BTS2 (%200)
Note. (A) control group (B) asthma group (C) low dose group of TZY (D) medium dose group of TZY (E) high dose group of TZY (F)
Pulmicort respules group (G) group of Pulmicort respules and TZY. ( The same in the following figures)
Figure 1 Effect of TZY on bronchial histopathology in the asthmatic rats ( x200)
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Figure 2 Effect of TZY on CD4" IFN-y* cells
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Figure 3 Effect of the drugs on CD4"1L-4" cells
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Figure 4 Effect of TZY on the expression of inflammatory cytokines
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Figure 5 Effect of TZY on the levels of oxidative stress related factors
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Advances in research of the establishment of astrocyte models for
treatment of spinal cord injury
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[ Abstract] Spinal cord injury is an extremely complex and debilitating condition. Once spinal cord injury occurs, it
is difficult to treat, and thus poses a great economic and social burden to both caregivers and healthcare resources. In recent
years, the establishment of rat spinal cord injury cell models has contributed to our understanding of the etiology and
pathogenesis of spinal cord injury, in particular, the establishment of an astrocyte model has a profound significance for the
treatment of spinal cord injury. Studies have found that astrocytes, as target cells that can effectively promote tissue
protection and functional repair after spinal cord injury, directly or indirectly regulate spinal cord injury through blood-brain
barrier barrier. This paper reviews the recent studies on the preparation of astrocyte culture models to provide guidance for
the establishment of an objective , quantitative, and simulative astrocyte model, and presents new ideas for the treatment of
spinal cord injury.
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[ Abstract] Liver is the main target organ for colorectal cancer metastasis. Liver metastasis is also the main cause of
death in patients with colorectal cancer. Recent studies have shown that liver metastasis of colorectal cancer patient-derived tumor
xenograft (PDTX) can better replicate the clinical characteristics of clinical tumors colon cancer. At present, the primary models
used are the orthotopic tumor xenograft model and ectopic tumor xenograft model. To provide a reference for experimental
modeling, this paper reviews PDTX animal models for colorectal cancer liver metastasis and their application range.
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