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Abstract: The plateau zokor (Myospalax baileyi) is a specialized subterranean rodent living on the
Qinghai-Tibet Plateau, which is short of oxygen in burrows. In general, hypoxia can induce apoptosis. In order
to shed lights into the molecular mechanism of the plateau zokor adaptation to the hypoxic environment, the
sequences of Pidd, Fas, Bax, Puma, Apaf-1, Scotin, Perp, Igfbp3 and Bcl-2 were analyzed by MEGA 7.0,
PAMLA4.8 program and Ancestor program. In addition, the expression levels of these genes were determined
with real-time PCR in the lung tissues of zokors inhabiting at different altitudes (3 300 m and 2 260 m) and
compared with the SD rats in this study. The sequences of the apoptotic target genes in plateau zokors were
highly homologous those of Nannospalax galili (Table 2 and Table 3). PIDD (Fig. 2), PUMA (Fig. 3), Apaf-1
(Fig. 4), IGFBP3 (Fig. 5) and BCL-2 (Fig. 6) in plateau zokor and Nannospalax galili showed convergent sites
in their functional domains. The SIFT test showed that, compared to other species, 78, 853, 157, 320 and 285
variation sites of plateau zokor and Nannospalax galili had effects on the function of p53, PIDD, PUMA,
Apaf-1 and IGFBP3, respectively (Table 5). At the high altitude (3 300 m), the expression levels of
proapoptotic genes Pidd, Bax and Puma were significantly decreased, while the expression level of
antiapoptotic gene Bcl-2 was significantly increased; instead, the expression levels of proapoptotic and
antiapoptotic genes showed no significant difference in SD rats. The expression levels of apoptotic genes in
plateau zokor were higher than in the SD rats (Fig. 7, 8). At the high altitude (3 300 m), the ratio of Bc/-2/Bax
expression was significantly increased in plateau zokor, whereas that of the SD rat was not (Fig. 9). The
results above suggested that site variation of p53 in plateau zokor resulted in different expression patterns of
p53 targeted apoptotic genes from those in SD rat: the expression levels of proapoptotic genes Pidd, Bax,
Puma and Apaf-1 were decreased, while the expression level of antiapoptotic gene Bcl-2 was increased, so as
to inhibit apoptosis under hypoxic environment. Under the long-term hypoxia conditions, the p53 targeted
proteins PIDD, PUMA, Apaf-1 and IGFBP3 had significant variation sites, which might alter their ability to
combine with their functional complexes and inhibit apoptosis. Therefore, over the long-term hypoxia
adaptation, the apoptotic genes of plateau zokor underwent structural variation, leading to change in the
expression levels of these genes, and thereby inhibited apoptosis, which is one of the molecular mechanisms
of plateau zokor adaption to the hypoxic burrowing environment.
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T SRR — ARV AE e A P O T T TE
T MG EN P, 1T IR T A 45 ) S 2 AR AE A
PR E N = A ALK B (Shams et al.
2005, Nevo 2011). fERKMIEEALERESY, HT
L T — R AL 1) 5dE S 50 (Nevo
etal. 2001, Fangetal. 2014). Bf5C3RH], HuR
WEAEAKEMPUMRERRE /1, LLE 1R R
(Nannospalax galili) F#REE 5 ( Heterocephalus
glaber) W75t ] KA 21 4ER1 30 5 /£ 4 (Edrey
et al. 2012), Jf HAEZEMIWIT oA KB
A, B EUE 2 A 3 IR R I B
Jif g i) MA (Gorbunova et al. 2012, Manov et al.
2013) . 5t L BRANEAT A R il e 7 A
ORLER, T R I 77 i R B

—RORU, ICAS R,
T AR T ISR TR A LR 5
FINIEF T8 1E 3 KA (Pan et al. 2014,
Lohberger et al. 2016). {EARSA S SR T
AR, TR A, T ] B A
f&531E& (McClintock et al. 2002, Gogvadze et al.
2006). fEFE, X DLt 51 5 B A DR 2 MG S 4L
W aE R, EARESRAE T H 4120 540
P SORE A R I B R 2R 8 (Malik et al.
2011, 2012, Schmidt et al. 2017). FEfREA AT
T (6% Oy) ALFE 5 hif, LAEgRE BRULAAILC
WUHZA Bnip3 DR RIA KR KA B EE
b, Apaf-1 FEFRRIEKF B2 T (Band et al.
2009, 20100, Ak, FEMRESEMET, LtsRE
B ZH 2 e A R ) ik S 2 S T B ) AN
iIENEIR

CAH R, T R Ea s
S H D RE R PR EEAE T, i E

(hemoglobin, Hb) . WLZL & H (myoglobin,

Mb). p53 % (Gurnett et al. 1984, Kleinschmidt
etal. 1984, Avivi et al. 2007). p53 & —MHE
FHIPR -, & Re I oS B — R S 4
PR T ORI AL T A R A CAvivi et all.
2005). TELLEABIRERLH, p53 [ DNA 4G
W 172 A7 RS IR R A NI AR, X Fh AL 5

ST A3 IE R Apafl AL, Puma. Noxa
A Bax T B MR, gz 14 i
T- (Ashur-Fabian et al. 2004, Avivi et al. 2007).
Apaf-1 J& p53 MIFEZERFE T IHERET, Hi5
T XEH p53 P& ufl (p53 response
elements, p5S3RE) (Kannan et al. 2001, Moroni
etal. 2001). LAEHIRE I Apaf-1 (%55 4 1 p53
i etk A R G, JFH p5S3RE %L
CWWG %571 GG 2| p53 Fesgifim ifE:
., AT BL 51 R B P ps3 BAT BRI
T2%EPE (Wang et al. 2009, Band et al. 2010).
DRI, 7 DL A7) 5 B ZE 23 4 0 o P A A
G TSGR B RIEKFHR, mHE
p53 R AR A K
= R B (Myospalax baileyi) 5 7&—Ff
BRI N R, B AR T R 5 = AR IR
Hsgrh, WS HIEIRATE 2 800 ~ 4 200 m, HlH
T8 AR 5 1 Sl 35 R A A 7 PRI AU A v — Rk
WK IE CRZEHESE 1984, DL 1990). &
TR TR I, ARSI 2 E VR v Jo by BT 2
Hrp ps3 WRIBIK, H SD KB (Rattus
norvegicus) YARAAGUK, FF HimER R ps3
UL RAFAE P R AL (78 5
84 i si) (Anetal 2018). Zhao 5§ (2013)
FIBF AR, R B p53 1 104 7 () s R AL
BEIRBGE T IR TR B Igfbp3 . Apaf-1
Al Bax W38k, HA2E K2 T XA T4 B A
Bel-2 WAl A, (I RIAKF T, X
L5508 DA 41 g B YA T 48] 2 PR AR 9 45 SR — B
(Wang et al. 2009, Band et al. 2010). H i,
v JER Y B PR O T T 9T LT pS3 R T U
ANl 5 PR A YA AR P RS, I H e B iy R
2 P AL G e P A S sk L Ty E R 5 i A,
. FL, AT BN TR T
e R SR 2 A A T A R, AR SO AR
VB B TTVEN p53 T A T2 3£ K Pidd.
Fas. Bax. Puma- Apaf-1. Scotin Perp- Igfbp3.
Bel-2 ()55 g B 2 B R 7 51 HEAT 1 1EAL
38, FFEL SD REXTIE, BHIT 7 EARNE
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WHREE AT (3300 m F12260 m) iR FEEE
16 75 B U AL 2R b i R s A =

1 WMRETT%

1.1 SERFW
R R T H A T T iR X R R
7 (J6ZE 36°43', R4 101°17', ¥4k 3 300 m),
FEAE N 16 X, BEHLY N2 4, &41% 8 H.
51 4wk A Gk 3300 m); 55 2 40
IR QiR 2 260 m), HHE T2 IR X o
RV 1R e TR R BTV e S e R O Ok
AR 8 d, FRIE PN T AR B A N EEL
SD R BRI SETH 4 22 M GiE4R 1520 m),
FEAE N 16 X, BEHLY N 2 4, &A% 8 H.
51 4wk Al R 3300 mD, CREAZEIN
TS SD K BRAETE T 5L 58 = 5 5 48 h 5 iafil
HFE VT IR IXCR 50 QR 3 300 m)
TR 8 d; 3 2 HOMRIRA Gk 2 260 m),
¥ Lr) SD KRB TR TR E Gk
2260 m) FAFE 8 do FAFRIL AR IR R R YESF
EUBHANIK o BT A SE S8 BN BORE 35 7E S8 = 04T
F 5%)% B2 LU 2 A BRI 1 J5L i BRURT SD KBRS
RAENTH L it SLRLE TR ORAF, RFET
R b Bl S AR BRE D1 i 38 i IR X (S
YE B (GB14923-20100) AT
1.2 AAEETERFS
1.2.1 FFIZREL M NCBI 2 SE50 7 T % LA
BEHIEER . KR DR (Mus musculus) TEIE
R W O ( Microtus ochrogaster ) « 4 6 i,
(Mesocricetus auratus)~ 2B R (Cricetulus
griseus)~ FJEHAEMBR R (Jaculus jaculus)
PR . IASHIRER (Fukomys damarensis) <
KB (Cavia porcellus) E#25. (Chinchilla
lanigera) F| )\t & (Octodon degus) % 4L
R (lctidomys tridecemlineatus)~ L3 FR
( Ochotona princeps ) ~ B % ( Oryctolagus
cuniculus )« K4 (Bos taurus). %i=F (Ovis
aries)1=E(Capra hircus )+ N\ (Homo sapiens )«
AR (Pan troglodytes) MM T-3E K Pidd.

Fas. Bax. Puma- Apaf-1. Scotin. Perp. Igfbp3
A Bel-2 Wb AE R gt 2 L RR P 51 o e R W
RATE JE R % (Ochotona curzoniae) 4T
JE DR BRRIE 7 5 R Blast 2P — AR5 S 4
Bl b A AR IR & 1 SO DR AR s
B A P) Trinity SCHF, AN HE Blast 04
B o 43l F BA 51 g R RTAE 36 B AR H IR T2 5
FIZmT5 X 7 51N query SCAF3E4T Blast b Xt
ffiik. i DNASTAR H1f#] Lastergene F2J7
(Burland 2000) Hf#0fidE 2 v BUF 81,
B AR 0 BN e D X B A . A
MEGA7.0 #f4 (Kumar et al. 2016) ¥ & LL
X A BFRE 128 L B0 e 1 EAT EEX - Pk 5 DA
571 g B 5 B A R A A s ) — B MR
9 EFREEDR R g i X 41 M B RR R 2
- (White et al. 2008) K¢ fith X /7 51| fH 13l A
EERRITH .
122 EEEST K& R R Do)
Bl BREER . KRB DR SRR, JEER
SN Pidd- Fas~ Bax Puma- Apaf-1. Scotin-
Perp- Igfbp3 1 Bel-2 3R 751 5 m it i) 2 5
274\ il DNAMAN 9.0 il MEGA 7.0 k4T
[EEAE 73 A o
123 YRR TVE A NCBI A 3080 &
R I T E 1.2.1 A A e b SRR R R
RAEN ) 22 MFR (R H 14 MR, RIB
H 34, EEHE 3 M RKE 2 ™M)
Bl BZkifA DNA ZERIA P, A DLt
5% 1] MrBayes3.2 (Huelsenbeck et al. 2001)
B R g DU R HEAG R . FI A DAMBE %X
PEBEATHRAIEE RN, 45 H5 73 % (index score,
ISS) /N FilmFt 43 % (critical score, 1SS.c), I
R H BRBA WA, #E—5R A PAUP 4.0
(Swofford 2002) A1 Modeltest 2.3(Darriba et al.
2012) FEFTRGERALHIRRRL, DRI S B i
I Calaike information criterion, AIC ) (Bozdogan
1987) JbnEdtAT s U T i 5, R
MG RBHREE SRR 2 25 (Markov chain
Monte Carlo, MCMC), VABEHLER NiLas, 4
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BT 2 26 F0 4 2 (1 28 %ERD 3 2630 )MCMC
I, 3B AR ZE R E /N T 0.01 Ak
TE DU R B Ml fE T, LT T
1 000 000 1% MCMC i85, & A 100 fRH]
B 24T — XM FE, & R MG 2 R AR
(burn-in) 5850/ 25% (Wang et al. 2016).
FIF TreeGraph 2.7.1 BAH-1EK .
124 EEESIST K 22 MR Pidd.
Fas. Bax. Puma-~ Apaf-1. Scotin Perp. Igfbp3
Al Bel-2 FER b X 75153 A A ClustalX 1.81
BAF AT HEN . b e 45 SR A MEGA 7.0
HEATHE e, B PAML 4.8 344 A 1)
CODEML F£/F (Zhang et al. 2005, Yang 2007)
S (1) 0 SR B (“test2 ™) KT EETRI T 41
HBEAT IR I BT 1B 2 B T e KSR
= R R RN AT SR AL (foreground branch),
HAeM RZWNE 58 (background branch), %G
F model A el if 5 Hh 2 75 A7 7E i 3 1 1Rk
FEAL R0, A W AR v Dy DU S 22 56 DL i 4E
(Bayes empirical Bayes, BEB) KT 0.95;
B3z d S (codmel.etl) A fix omega Fil
omega [E#EEN 1, 1EN Null A #4175 Ik
BE, RIHTEEARN WLAE, 25008
InL1 A1 InLO, TFEHINMEZEE 2 x AlnL. 5
JEFIA PAML 4.8 A H ) Chi2 27, %
T 2 x AlnL {EIFEAR ) M PE (df=
1, 4 P<0.05 i, A[AHMEIAYLS 3 ) 45 R
B EE.
1.2.5 BREELS T GRS ES R Lias)
R KR, DR BRR. SRR JbsE
R KA. E. AREERS 22 M,
Xt PIDD. Fas. Bax. PUMA. Apaf-1. Scotin.
PERP. IGFBP3 fll BCL-2 KRR 7 51 3H T 1t
N R T R DNAMAN 9.0 #4-3t
TRBILEST, £ PAML 4.8 HA4FA 41
CODEML &% (Yang 2007) X4 —4HEHF
FIBHAT T AL A . F e A S A
Ja B ME2R (posterior probability) JiT-fk & i 44
RIAEmPE. BTHEM S 2 ST TGS

oA, DT RN T 0.9 BRI .
MN.F converg2 #ff (Zhang et al. 1997) K4
AL R B35 N MEGA 7.0 25
] ClustalW BLFX} 22 AR ALY = LR T
FIHATHON, EHPTE T (gap), JFZ4RE
KA RE K BN, IR AR ST
SCAF IR JTT PE B4 FE 2 2 (Jones-
Taylor-Thornton, JTT) Fl7A#A 12 IEAE A (Poisson
correction model) 7 Al it 4., Sl FHEIME,
#3F P>0.05 1455 (Zhang et al. 1997).
1.2.6 ZFAL X F D REF W IR A
NCBI 1 Ensembl 4 22 1 T 315 2 /N pS3+
PIDD. Fas. Bax. PUMA. Apaf-1.
PERP. IGFBP3 fil BCL-2 W& 1 ID, LAiZ%A
FEBR 7 HIME N query 751K H “Sorting Tolerant
From Intolerant” (SIFT) algorithm F2 7 PFAl &
FEPRAR e Ar R AZ AR R D Re sz, Hrh 224
115 B Al HBRAE  (Kumar et al. 2009),
1.3 ISR B B o R 2R IA /K
FIH & RNA HE & CRIRARHL
BIRAFD PGS R SD K R 2
RNA, B8 & SR 2 Ao/ Aago B I
WRE, Hort Axgo/Anso MELLE 1.8 22 2.0 Z[H], ¥
FEIRT 0.4 g/L, 1% AR P 8 fice v iRty 3
JfifE . B 1.9 ug & RNA K H First Strand cDNA
Synthesis kit ( Thermo Fisher Scientific Inc.,
USA)RFIE ] % cDNA. = R i Pidd Fas-
Bax. Puma- Apaf-1. Scotin. Perp. Igfbp3 Hl
Bel-2 FER 7 51 N ARG s 2H 50080 e b A K
AR A 7 51 SO B K — AR B e 20 8080 b 1
Trinity SCAFARPHEELEATTSE], SD KRR 1)
FEAI A NCBI R #3278 s A SD K
S K 7 1) B [R) ¥R X F FH Beacon Designer 7.7
ARG E BRI TIY (R D, JFHE
e W VIR A R A = AT 5106 e
%M Premix Ex Taq Version &
(Takara, Japan) ¥iPHMCE PCR [V AA RiEAT
PCR ¥ 38, W01 =, RIS 74
BEAT 10 fEBEEERRE, € R PCR IR

Scotin.
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x1 RNEEIIMFI
Table 1 Quantitative PCR primers for genes

GlEvEZR S Bkl

Primer names Primer sequences (5'-3")
Pidd-F CTACCGTGAACTACAGCGTATC
Pidd-R ACCTCTTCAGCCACATCCT
Fas-F GCCAGTTCTGCTGCTTACC
Fas-R GAATAATGCTCCTTGTCCGTGTA
Bax-F GCGATGAACTGGACAACAACA
Bax-R CTGCCACACGGAAGAAGAC
Puma-F CAGGGTGGTGGGTGGTAA
Puma-R CGGGCGACTCTAGGTGTT
Apaf-1-F GGAGACTGAGGAGGTTGAAGA
Apaf-1-R GCGTATGCGGCTGGTAAT
Scotin-F CTGCTCCTGCTGCTGTCTA
Scotin-R CGGTGTGAACCACGGTAGTA
Perp-F GCAGTCTAGCAACCACATC
Perp-R GCAGCCATCGTCGTAGGA
Igfbp3-F TGGTGTGTGGACAAGTATG
Igfbp3-R AGTTCACTTCGTCCTTCC
Bcl-2-F TGTTACGGTGGTGGAGGA
Bcl-2-R CGGTTCAGGTAGTCAGTCATC
p-actin-F TCACCAACTGGGACGATATG
p-actin-R GTTGGCCTTAGGGTTCAGAG

K1, RIFEREN 1x107', 1x 1072, 1x 107,
Ix10% 1x10°, 1x10°% 1x107, 1x10°®

8 AMBRRE, MENbRAE & . POtE R PCR
% SYBR ®Premix Ex TaqTM II X7 &
(Takara, Japan) 7t iQ5 Multicolor Real-Time
PCR Detection System (E [E {1 KA D LT,
WHE R PCR VAR R: 12.5 ul SYBR Premix
Ex Taq I, 10 mol/L ¥¢5% 54 F\R & 1pl, 1 pl
cDNA (0.2 g/L), H/KZE SR 25 ple M5
f£: 95 °C 3 min; 95 C 30s, 60 C 30 s,

72 °C 30 s, 40 ™MEH . BIO-RAD connect
PEREER 3BT 888G, AR AR AR B Bl 45
B H BRI AN AL IR EE . MR H
{100 35 DRI AR 5 B DL R TR RO B, B R B
st 3 R TE J5 BRAEDN & e SR B0 Hdi 3 DLF )
8 + #r#EZE (Mean + SD) FoRr, K H SAS 8.2
G A AT EAR Gt b, SRFAMSIREA ¢
K46 TR AT AR IR B LB, P < 0.05 8

FEA G R L

2 R

2.1 7R R R R P A T R (R VR A B 4 SR

[ LU ORI, e iy B 2 P O 1 2 A
Pidd. Fas. Bax. Puma-. Apaf-1. Scotin Perp-
Igfbp3 1 Bcl-2 4 X 751 K S 1) 28 B2 IR 7
H15 LLEa g R FEE R (R 2, 3D,

*2 RERRBSEMHmARETERFSREERE (%)

Table 2 Sequence homology of apoptosis genes between Plateau Zokor and other species

S DL 51 B, PR B KER N e BB e R4 N
Genes Nannosp qlax Heterocephalus Ram{s Mus musculus 0chotqna O. princeps Homo sapiens
galili glaber norvegicus curzoniae
Pidd 91.50 88.05 85.05 85.78 74.90 75.41 79.78
Fas 84.02 68.32 68.26 68.63 65.10 49.90 68.32
Bax 95.02 73.36 91.88 91.19 84.97 72.19 90.33
Puma 95.19 79.37 92.27 90.89 87.80 87.69 90.89
Apaf-1 94.00 88.39 87.54 88.23 78.22 80.38 88.98
Scotin 91.29 78.37 - 78.32 75.75 76.05 80.30
Perp 95.19 89.69 90.89 89.00 88.14 87.46 90.55
Igfbp3 93.64 68.97 87.95 87.39 - - 82.57
Bcl-2 95.92 89.58 90.72 91.14 84.91 8491 89.03

Ferp =7 RoRZAF AR YA T R B B R M NCBI A 3¢

Bt e h AR

The short dashes in the table indicated that the sequences of apoptosis genes of this species were not found from the NCBI.
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Table3 Amino acid sequence homology of apoptosis genes between Plateau Zokor and other species

RT3 PREE R N £ e JE B AR Jek b
LA NG A
Nannospalax  Heterocephalus Rattus Ochotona Ochotona .
Genes o ; Mus musculus . . Homo sapiens
galili glaber norvegicus curzoniae princeps
Pidd 91.56 79.85 85.87 86.60 74.40 74.84 79.62
Fas 77.58 55.56 56.59 54.01 53.96 31.85 55.56
Bax 97.93 76.06 95.83 96.88 85.94 71.88 93.23
Puma 96.37 80.86 95.34 94.82 87.56 86.60 92.75
Apaf-1 94.00 88.39 90.71 91.51 77.10 79.02 88.15
Scotin 90.42 78.84 - 72.65 73.88 75.31 76.76
Perp 97.41 89.64 93.78 90.67 91.71 91.19 93.26
Igfbp3 96.23 69.28 84.59 85.96 - - 90.94
Bcl-2 97.88 90.38 90.25 92.37 86.78 86.36 89.54
Ferp “=7 RRZ AT A0 TE T R AR 1R AN NCBI 2 3L 8 e vh B 2

The short dashes in the table indicated that the sequences of apoptosis genes of this species were not found from the NCBI.

2.2 PR IR R

F TRk DNA A3 R4 7 471 4 i 4 ol
AR . DAMBE WA RG4S R B, 1SS <
ISS.c (ISS=0.685, ISS.c=0.830, P<0.01),
Ui AL IR B e AL BN, 3 A M . B DNA

100—
|
100 100
100
100
e
100
100
100
100
100
100
38 100
100
100

— o

LB AR YR H with gamma- distributed rate
variation across sites fl a proportion of invariable
sites ] GTR Hi%Y. FirfS i DL S 245 (52
FERAELRT 85% (B 1), Ut BB LA Fh by
AR, UL T RS

155 5 B Myospalax baileyi (NC_018098.1)
LI5S 68 B Nannospalax galili (IN571132.1)
KB Rattus norvegicus (KF011917.1)

IINBR Mus musculus (J01420.1)

P IE L H B Microtus ochrogaster (NC_027945.1)
41 B Mesocricetus auratus (EU660218.1)
MR Cricetulus griseus (DQ390542.2)

R JeWrAEW Bk B Jaculus jaculus (NC_005314.1)
YR8 Bl Heterocephalus glaber (HQ689652.1)

B PR B Fukomys damarensis (KT321364.1)
JKBR Cavia porcellus (NC_000884.1)

B2 R Chinchilla lanigera (NC_021386.1)

B F N\ Bl Octodon degus (HM544134.1)
L2803 W Ictidomys tridecemlineatus (NC_027278.1)
IR B Ochotona curzoniae (EF535828.1)
b3 B Ochotona princeps (NC_005358.1)
¥4 Oryctolagus cuniculus (NC_001913.1)

Y4 Bos grunniens (AY684273.2)

4i2E Ovis aries (KR868678.1)

112E Capra hircus (KY305183.1)

N Homo sapiens (V00662.1)

FBAESR Pan troglodytes (NC_001643.1)

B 1 22 MBI mtDNA REE#AbR

Fig.1 Phylogenetic tree of 22 mammalian species based on mtDNA

TRl BN 1000 RERMSCRE (%), 5 NFFNZH GenBank

A =]

BExT.

Numbers at the nodes the bootstrap values of 1 000 replicates (%), the GenBank numbers of species are shown in brackets.
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2.3 HIRERY R R ERE A
BT 1 MR 22 NIRRT R
1o Ly BR AT B I T2 3L R Pidd Fas Bax~ Puma-
Apaf-1. Scotin. Perp~ Igfbp3 Fl Bcl-2 &5 H
B IEFEPEA & . Fass Bax. Apaf-1. Scotin-
Igfbp3 Fl Bel-2 BRI KB [ I AL A5 Pidd
FERA 2 MBAERIERIE R, 73900 853
REHIRE R (Arg) A1 898 7 IAIZ R (Val);

Puma 5= 1 NEAERIE FEREAL A A 161
BB EIENE (Gln); Perp H 1 NETERIIEI
ERENL AL, N 21 SRR R . (HAE AL
R gk R IR Ay U 2 R AR # (2AInL =
0, P=1) (4.
24 HRATEEBREL ST

EFE 1 A 22 AN, A AR R TR R
PIDD. Fas. Bax. PUMA. Apaf-1. Scotin,

4 FEBR ps3 TS5 4 MR T AR SR HEEE R (K B ) AR AR I
Table 4 Likelihood ratio test (LRT) of branch-site models for p53 target genes related to apoptosis in Plateau Zokor

I et BRI CEE pomtege  FPUERILR g cp i
i a . ositively
Genes Model Estimate of parameters - InL Model comparison selected sites  2AInL (P-value)
Pidd Null A po=0.76, p; = 0.24, (p> + p3 = 0.00), - 195165 Model A vs. NullA 853 R, 898 V opP=1)
®=0.07, w1 =1.00, ®2=1.00
Model A po=0.76, p1 = 0.24, (p2 + p3 = 0.00), -19516.5
o =0.07, w; = 1.00, w, =1.00
Fas Null A po=0.42, p; =0.58, (p2 + p3 = 0.00), - 12 646.2 Model A vs. Null A 0P=1)
(1)0:0.14,601* 1. 00 wy = 1.00
Model A po=0.42, p; =0.58, (p2 + p3 = 0.00), -12646.2
o= 0.14, w; = 1.00, w, = 1.00
Bax Null A po=0.97, p; =0.03, (p+ p3 = 0.00), -3354.35 Model A vs. Null A 0P=1)
o =10.08, w; =1.00, w, =1.00
Model A Po=0.97,p; =0.03, (p2 + p3 = 0.00), -3354.35
o =0.08, w1 =1.00, w2 =1.00
Puma Null A po=0.93, p; =0.07, (p2 + p3 = 0.00), -2809.95 Model A vs. Null A 161 Q 0P=1)
o =10.09, w; =1.00, w, =1.00
Model A P0=0.93,p;=0.07, (p2 + p3 = 0.00), -2809.95
o =0.09, w; =1.00, w, =1.00
Apaf-1 Null A po=0.86, p; =0.13, (p2 + p3=0.03), -21934.7 Model A vs. Null A 0oP=1)
o =0.10, ; = 1.00, w, = 1.00
Model A po=0.86, p; =0.13, (p2 + p3 =0.03), -21934.7
o =0.10, w; = 1.00, w, = 1.00
Scotin Null A po=0.72, p; =0.28, (p2 + p3 = 0.00), -6192.31 Model A vs. Null A 0oP=1)
@ =0.11, w; = 1.00, w, =3.12
Model A po=0.72, p; = 0.28, (po+ p3 = 0.00), -6192.31
@ =0.11, w; = 1.00, w, =3.12
Perp Null A po=0.91, p; =0.09, (p, + p3 = 0.00), -3393.72  Model A vs. Null A 21C opP=1)
o =0.03, w; =1.00, w, =1.00
Model A po=0.91, p; =0.09, (po+ p3 = 0.00), -3393.72
wo = 003, w| = 100, wy = 1.00
1Igfbp3 Null A po=0.90, p; =0.10, (p2 + p3 = 0.00), -5777.96  Model A vs. Null A 0/P=1)
o =0.09, w; =1.00, w, =1.00
Model A po=0.90, p; =0.10, (p2 + p3 = 0.00), -5777.96
wo = 009, w| = 100, wy = 1.00
Bcl-2 Null A po=0.84, p; =0.16, (p2 + p3 = 0.00), -3962.37  Model A vs. Null A 0/P=1)
o =0.07, w; =1.00, w, =1.00
Model A po=10.84, p; =0.16, (p2 + p3 = 0.00), -3962.37

wo=0.07, »; = 1.00, w; = 1.00

o RARAACIEFERILLS], py FORPYEIEFERIEEH], po+ ps FORIEEFATES]: 0ov o) M1 oy 7 HIZRAULE RS . PR A IE 173

B OB 5 R R AL

po, p1 and p> + p3 are the proportion of purifying, neutral and positive selection, respectively; o, ®; and o, are the nonsynonymous/

synonymous substitution ratios to determine purifying, neutral and positive selection, respectively.
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PERP. IGFBP3 il BCL-2 7EH N i T #E 4T3[ Apaf-1. IGFBP3 il BCL-2 7£ = JR 5 i 5 LL {5
H . gif%kH, A PIDD. PUMA, HEg R R AE G R A s (B2~ 6D

Site109  Sitel10  Site566
AA/Codon AA/Codon AA/Codon

40§l Mesocricetus auratus (XM_005064206.3) Q/CAG S/AGC T/ACA

LA B, Cricetulus griseus (XM_007650419.2) Q/CAG S/AGC T/ACG

¥ 15 25 [ FH B, Microtus ochrogaster (XM_005351521.2) Q/CAG  S/AGC  T/ACA

KB Rattus norvegicus (NM_001106318.2) Q/CAG S/AGT T/ACA

—1 /N Mus musculus (AF274973.1) Q/CAG S/AGC T/ACA

— FERY B Myospalax baileyi H/CAT [ATC  D/GAC

L— DUFIRE R Nannospalax galili (XM_008854414.2) H/CAT UVATC  D/GAC

] R AEIN Bk B Jaculus jaculus (XM_004654177.1) /CAG _S /AGC  A/GCG
L8 H W Ictidomys tridecemlineatus (XM_013365825.2) Q/CAA  N/AAT A/GCC

FRA& B Heterocephalus glaber (XM_013074671.2) Q/CAA S/AGC  A/GCC

KL PR B Fukomys damarensis (XM_010640367.2)  Q/CAA  S/AGC  A/GCC

| BRI\ Bl Octodon degus (XM_004637955.2) Q/ICAG S/AGC  A/GCC
KB Cavia porcellus (XM_013150464.1) Q/CAA S/AGC A/GCC

E2 K Chinchilla lanigera (XM_013502998.1) Q/CAA  S/AGC A/GCC

—— RIBIE Pan troglodytes (XM_016920032.1) Q/CAA R/CGC A/GCC

L— A Homo sapiens (XM_005253005.4) Q/CAA R/CGC A/GCC

—— %4 Bos grunniens (NM_001191487.1) Q/CAA R/CGT A/GCT

L— 1l12£ Capra hircus (XM_018042709.1) Q/CAA R/CGT A/GCC

— EEE S Ochotona curzoniae Q/CAG R/CGC A/GCC

L— Jt32B % Ochotona princeps (XM_004599245.1) Q/CAA R/CGC A/GCC

B2 EFARBEMEN PIDD RER B WA R R
Fig.2 The neighbor-joining (NJ) phylogenetic tree of the PIDD sequences and the convergent sites

RYURE MR 1551 73 B R EEE R AN N AL 7 51, IR % Sl 2 A e R R A s v S B AN LA S0 R ST A Rl A o o

The amino acids and codons of the convergent sites are shown. Amino acids in Myospalax baileyi and Nannospalax galili are highlighted in bold

underlined.
Site157
AA/Codon

#REE B Heterocephalus glaber (XM_004867068.2) Q/CAA
BFI N\ B Octodon degus (XM_004644274.1) Q/CAA
B2 K, Chinchilla lanigera (XM_013509578.1) Q/CAA
A Homo sapiens (U82987.1) Q/CAA
BIRIE Pan troglodytes (XM_016936323.1) Q/CAA
W12k Capra hircus (XM_018062667.1) Q/CAA
B4 Oryctolagus cuniculus (XM_017338809.1) Q/CAA
BB B Ochotona curzoniae Q/CAA
Jt3E Bl Ochotona princeps (XM_004597034.1) Q/CAA
R IBHTAEMBK B Jaculus jaculus (XM_004672627.1) ~ QCAA

— R Bl Myospalax baileyi L/CTA
L U568 B Nannospalax galili (XM_008822021.1) L/CTA

¥ 1 25 )5 B, Microtus ochrogaster (XM_013351461.1) Q/CAA
&R Mesocricetus auratus (XM_005086436.3) Q/CAA
— KB Rattus norvegicus (AY157758.1) Q/CAA
L— /NBR Mus musculus (NM_133234.2) Q/CAA
BB Cricetulus griseus (XM_016968138.1) Q/CAA

B3 ETFAEZMEN PUMA RER TN MRS
Fig.3 The neighbor-joining (NJ) phylogenetic tree of the PUMA sequences and the convergent sites
RGURE W5 HIF 5153 37 B = BN L BRAE PP 41, IIAEL e 1 R O S B R 20 v J B ORI LA 2 91 8 BRI LA DB IR BEAL AL £

The amino acids and codons of the convergent sites are shown. Amino acids in Myospalax baileyi and Nannospalax galili are highlighted in bold

underlined.
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Site289  Site320  Site1000  Site1168
AA/Codon AA/Codon AA/Codon AA/Codon

BL R Chinchilla lanigera (XM_013518590.1) E/GAA S/TCT TATT F/TTT
BF )\ Y5 B Octodon degus (XM_004623815.1) E/GAA S/TCT T/ACT V/GIT
KB Cavia porcellus (XM_013159364.1) E/GAA S/TCT VATT  S/AGT
YRRLBL Heterocephalus glaber (XM_021258426.1) E/GAA  S/ICT  VATT  VATT

AR R Fukomys damarensis (XM_010629144.1) E/GAA S/TCT  TATT = VATT
LY W, Ictidomys tridecemlineatus (XM_005322393.3) E/GAA  S/TCT  A/GCT  V/GTT

R B SR Ochotona curzoniae E/GAA  S/TCG  T/ACT VATT
b3 B Ochotona princeps (XM_004583270.2) E/GAA  S/TCG TATT  VATC
— [ "SI Pan iroglodytes (XM_003313880.3) E/GAA S/TCT F/TIT L/CIT
AN Homo sapiens (AF149794.1) E/GAA S/TCT F/TTT L/CTT
K4 Bos taurus (NM_001191507.1) E/GAA S/TCC N/AAT VATT
_E 433 Ovis aries (XM_004006637.3) E/GAA S/TCC N/AAT VATT
11£ Capra hircus (NM_001314175.1) E/GAA S/TCC N/AAT VATT
%)E%ﬂ ENBE B Jaculus jaculus (XM_004650202.1)  E/GAA  S/TCT  VATC  VATT
— FRR B Myospalax baizfeyi D/GAC F/TTT M/ATG T/ACC
L DI318 R Nannospalax galili (XM_008832051.2) D/GAT F/TTT M/ATG T/ACC
_|: KB Rattus norvegicus (NM_023979.1) E/GAG S/TCT TVATT VATT
/N Mus musculus (NM_001042558.1) E/GAG S/TCT V/GTT VATC
¥ 18 2 )5 H Bl Microtus ochrogaster (XM_005358175.2) E/GAG S/TCT  L/CTC  VATT
_E & B Mesocricetus auratus (XM_021225929.1) E/GAG S/TCT T/ATT UATT
LR R Cricetulus griseus (XM_007618095.2) E/GAG S/TCT VATT VATT

B4 FETFNBEEMEN Apaf-1 RER B AR AL
Fig. 4 The neighbor-joining (NJ) phylogenetic tree of the Apaf-1 sequences and the convergent sites

R E WG IR 5 93 3 SRR AN LR 7 41, IR B R e SR R s v S B R DL €97 e B R R i A A7
The amino acids and codons of the convergent sites are shown. Amino acids in Myospalax baileyi and Nannospalax galili are highlighted in bold

underlined.

Site207 Site285
AA/Codon AA/Codon

KB Rattus norvegicus (NM_012588.2) R/CGG  H/CAC
_E/J\EEL Mus musculus (NM_008343.2) R/CGG  H/CAC
P 1 )57 FH B Microtus ochrogaster (XM_005359192.2) R/CGT  H/CAC

4B Mesocricetus auratus (XM_005082945.3) R/CGT  H/CAC

LA, Cricetulus griseus (XM_007615364.1) RICGG  H/CAC

58 SR VK B Jaculus jaculus (XM_004652704.1) R/ICGG  H/CAC
4‘2%&@ Pan troglodytes (XM_519084.6) R/ICGG  H/CAC
A Homo sapiens (DQ301819.1) R/ICGG  H/CAC

LU W Ictidomys tridecemlineatus (XM_005319260.3) R/ICGG  H/CAT

B\ B Octodon degus (XM_004630350.1) R/CGG  H/CAC

B HHikE B Fukomys damarensis (XM_010625066.1) R/CGG  H/CAC

KB Cavia porcellus (XM_003465779.3) R/AGG  H/CAC
_E?%ﬂ% B\ Heterocephalus glaber (XM_021254190.1) R/CGG  H/CAC
B2, Chinchilla lanigera (XM_013520639.1) R/CGG  H/CAC

T RS B Myospalax baileyi Q/CAG  N/AAC
{ueﬁu F8 B\ Nannospalax galili (XM_008842186.1) Q/CAG N/AAC

B R B SR Ochotona curzoniae R/CGT H/CAC

_:j t3& B4 Ochotona princeps (XM_004582495.2) R/ICGT  H/CAC
I—Z?’fl: Bos taurus (NM_174556.1) R/CGT H/CAC
|_|:ﬁ%$ Ovis aries (NM_001159276.1) H/CAT  H/CAC
LIZE Capra hircus (NM_001314219.1) H/CAT  H/CAC

B 5 HTAREEMER IGFBP3 REUK E WA FIBALAL A
Fig. 5 The neighbor-joining (NJ) phylogenetic tree of the IGFBP3 sequences and the convergent sites
R E WG IR 593 3 SRR AN LR 7 41, IR B R i R R s v S BN DL 9 e B R R i A A7
The amino acids and codons of the convergent sites are shown. Amino acids in Myospalax baileyi and Nannospalax galili are highlighted in bold

underlined.
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2F: Ovis aries (XM_012147029.2)
—E 112 Capra hircus (NM_001314213.1)
K4 Bos taurus (NM_001166486.1)
S b BRI Pan troglodytes (XM_001145537.4)
N Homo sapiens (M14745.1)

e S JBITARMNBE B, Jaculus jaculus (XM_004654790.1)
LY H B Ictidomys tridecemlineatus (XM_005323010.3) H/CAT P/CCC A/GCC E/GAG

e e B R Myospalax baileyi

U358 Nannospalax galili (XM_008840654.2)

Jb3E RS Ochotona princeps (XM_004579454.1)
|:| HR A Ochotona curzoniae

¥4 Oryctolagus cuniculus (XM_008261439.2)
— ¥R B Heterocephalus glaber (XM_004858446.2)

BF )\ B Octodon degus (XM_004638261.2)
_|: JKB Cavia porcellus (XM_003474076.3)

FL2 R Chinchilla lanigera (XM_013511218.1)

40 B Mesocricetus auratus (XM_005081454.3)
_|: KB Rattus norvegicus (NM_016993.1)

N Mus musculus (NM_009741.5)
_I: &R E R H Bl Microtus ochrogaster (XM_013346661.1) R/CGG P/CCT A/GCT E/GAG

LR Cricetulus griseus (XM_007613164.2)

Site63 Site81 Site128 Site176
AA/Codon AA/Codon AA/Codon AA/Codon
R/CGC P/CCT A/GCC E/GAG
R/CGC P/CCT A/GCC E/GAG
R/CGC P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG

Q/CAG Q/CAG V/GIT D/GAC
Q/CAG Q/CAG Y/GTC D/GAC
R/CGG P/CCC A/GCC E/GAG
R/ICGG P/CCC A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCT E/GAG
R/CGA P/CCT A/GCC E/GAG
R/CGG P/CCT A/GCC E/GAG

R/CGG P/CCT A/GCT E/GAG

Bo RETABZMEN BCL-2 REKRENMEFIEAL S
Fig. 6 The neighbor-joining (NJ) phylogenetic tree of the BCL-2 sequences and the convergent sites

R E WG IR 5 93 3 SRR AN LR 7 41, IR B R e SR R s v S B R DL €97 e B R R i A A7

The amino acids and codons of the convergent sites are shown. Amino acids in Myospalax baileyi and Nannospalax galili are highlighted in bold

underlined.

PIDD [ #E b br 4 B R, 7 &
BRFN DA (L 8 R P AR A = b R A7 A, 4]
51 109+ 110 F1 566 17 IR IERR 73 5N R
Mifz (Gln, Q) K& (Arg, RO MINZER
(Ala, A), 7 B BN DL 51 B8 B 4 2
I =AM SRR S R R H R R (His,
H). BRE® (e, D FMAKXER (Asp, D)
(E2).

PUMA 7E = Jii iy B8R DA €8 51 g R A7 7
— bR i, S A 157 A1 RS RR
NEEENE (Gln, Q), Mi7E = & AT
HIE R b 157 MR N AR (Leu,
L) (K& 3).

Apaf-1 7 i JF 8y B DL€ 51 68 B, b 2 78 DY
abi& R AL 1, HHSER A1 289, 3200 1000
A 1168 AL LR 7l AR AR (Glu, ED.
227/ (Ser, S). T (e, D AR
AR (le, D, TAE = 51D 51 B 55
XX PUAS 7 A &= R A i o R A H R

(Asp, D) KNE L (Phe, F). IR ZE R (Met,
M) AR (Thr, T) (K4,

IGFBP3 7E /& J5 iy iR A DAt 51 8 R A7 78
WAL [E AL A, #H 2B 41 207 F 285 AL
RIEB ) B KSR MR (Arg, R) FIZHE R (His,
HD, T 7E = JE 8 BRI DA 63 B8 RS2 B I A
BL R BRI N B Al (Gln, Q) AR
KM% (Asn, ND (] 5),

BCL-2 7 = J5 iy B3R DA €637 8 B P A7 72 DY
AbiE Rl AL R, 587 A 63, 81, 128 Fl1 176
LI TR 7 W AR 2R (Arg, RO JHZER

(Pro, P). WA (Ala, A) FIBZEE (Glu,
B, Tf7E = R 8 R DA 3 88 BR 2 _Bax g A
LSRR N &2 B (Gln, Q). &
AWt (Gln, Q). AR (Val, V) FIR%E
AR (Asp, D) (E6).

25 RERR ps3 K4ETEREERAA
X T RER A AR VR Al
SIFT P25 KW, mlE R p53 2 78
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)22 82 (Ser, S). PIDD % 853 K7 f{IHE &
% (Arg, R). PUMA 5 157 fr (522 & (Leu,
L). Apaf-1 25 320 f7 (RN 2R (Phe, F) F
IGFBP3 8 285 A7) R4 MEf% (Asn, N) A8
SN HINEeH BE ), HARAS AL O A
DhRe¥s A Basm (& 5.

x5 FEMR ps3 RARATENIERTH+
FARAL R HTh B AR R
Table 5 The effects of mutation sites on the function

of apoptosis target genes in Plateau Zokor

SIFT THl45 5

=] BRI SIFT 4MA "

Protein Substitution ~ SIFT score S(Lifolggidécgg;
p53 P78S 0.029 H 5 Damaging
A84P 0.386 KL% Tolerated

PIDD Q109H 0.363 R Tolerated
S110T 0.232 K[ Tolerated

A566D 0.308 R PER Tolerated
G853R 0.002 A5 Damaging
A898V 0.058 KL% ) Tolerated
PUMA QI57L 0.008 H 5 Damaging
H161Q 1.000 KM/ Tolerated

Apaf-1 E289D 0.123 R ER Tolerated
S320F 0.001 A5 Damaging
11000M 0.142 K [ Tolerated
11168T 0.395 KL% Tolerated

PERP s21¢ 0.216 K[ Tolerated
IGFBP3 R207Q 0.588 K [ Tolerated
H285N 0.012 A5 Damaging
BCL-2 R63Q 0.607 KM H) Tolerated
P81Q 0.147 KA Tolerated

A128V 0.375 R PE [ Tolerated

E176D 0.350 R ER) Tolerated

2.6 =R R SD KR40 H/E T EF mRNA
RIEKF

I fE PCR 45 R, 7EmifEk (3 300
m) ZAFR, R R RS TR g SR A
Pidd. Bax. Puma F Apaf-1 WZRIE/KF B EHK
TRER (2 260 m) KM FHRIEKF (P <

0.05), T{E SD KRR F ik 4 AN F)
RIEKFERRELER (P>0.05. {EAFME
WEAET, BEBBRA SD KR4 4ihiET:
fE SR Fas. Scotin. Perp F Igfbp3 HIZRIE
KPEERA EEZESR (P>0.05) (B 7. £
WA T, R R 2 2 A 8 T i B A
Pidd. Fas. Bax. Puma- Apaf-1. Scotin. Perp
Hl Igfbp3 Fik/AKFHEZ R T SD KR Mg14!
HRIEKT (P<0.05) (E 7).

FERNER (3300 m) 248K, R B
AP TINHEIFER Bel-2 (IFRIEKTBE
TR (2 260 m) 251 FHIRIEKF (P <
0.05), TMifE SD KR H &AM (P>0.05),
I H i R RIGH L Bel-2 FE R R IE K
BEET SD KERMALHHERIEKT (P <
0.05) (K 8).

2.7 RIEMBRM SD KBRMAHF Bol-2/Bax
HefE

FERNER (3300 m) 248K, R B
Y Bel-2/Bax A FIA R LUAR 3% mn T
Mk (2260 m) M NIELE (P<0.05); 1M
EANE R % K, SD K R 41 4
Bel-2/Bax LB A 23 (P>0.05) (& 9).
3 Wik

— Mk, A S T (Pan et al.
2014, Lohberger et al. 2016). ZH i =i 72
22 MIER L FRTE, Pidd F1 Fas 3[R j2 58
T2 AR S R AN IR T3 12 8 T gk
[, Bax. Puma-. Apaf-1. Scotin F Perp 7&%k
REAARA T 10 P 5 T2 4 v B B P O (i gk
(K, Bcl-2 &8ty T IR, BRI
HAIE T, ALK 41 77 i (Gogvadze et al. 2006,
Brooks et al. 2007, Chipuk et al. 2009). W77
8, Bel-2 5 Bax XK B2 L2 v e 41 )
s, YN Bel-2 RIXE Z I, Bax 5 Bel-2
G RAAE R Bax/Bel-2 S5 84k, MmN
HIAHAIE T 4 Bax RIAAKCEHIN, v LAEHT
Bel-2 HIPEH, 1240 1. (Brooks et al.
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Fig.7 The mRNA expression levels of proapoptotic target genes in lung tissues of

Plateau Zokors at different altitudes and in the SD rat

a. Pidd 3R KK b, Fas FEFFIEKT; c. Bax IERFIEKT; d. Puma FERFIEKT; e Apaf-1 FERFIZKTF; £ Scotin FHRKIE

Vs g Perp FERRIEACT

h. Igfbp3 FEFFRIL K.

RN ZERE

*RoREREE, ns BRTLEEER.

a. Relative mRNA levels of Pidd gene; b. Relative mRNA levels of Fas gene; c. Relative mRNA levels of Bax gene; d. Relative mRNA levels of

Puma gene; e. Relative mRNA levels of Apaf-1 gene; f. Relative mRNA levels of Scotin gene; g. Relative mRNA levels of Perp gene; h. Relative

mRNA levels of Igfbp3 gene. **, P <0.01; *, P <0 .05; ns, not significant (P > 0.05).

2007, fHEHFEE 2014). TEARES S RS0 AR
TR, TR bR R ARIE, T A
&KL (McClintock et al. 2002, Gogvadze
etal. 2006). AWFFLH, LA SD KE X, BF
FC 1 R R ZHZH A ps3 TR U TR R K]
Pidd. Fas. Bax. Puma. Apaf-1. Scotin. Perp.
Igfbp3 FET-HHIEE Bel-2 FEAFIHGR AL

AT (3300m A1 2260 m) [RIER, #F
REREY, 52260 m ERZAET =B
AHEE, 3 300 m 3R SEAF T R BRI ZH 21
HETARHEIE N Pidd. Bax. Puma R Apaf-1
MRIEKFRE N, FTHIHIEER Bel-2 (1
RIEKVTE T, H H Bel-2/Bax FIX R IE &
FLAE I BT, WTE SD KR AEZEN. T
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Fig. 8 The mRNA expression levels of antiapoptotic
gene Bcl-2 level in lung tissues of Plateau Zokors at

different altitudes and in the SD rat
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**_ significant difference (P < 0.01); ns. not significant (P> 0.05).

B (2013) FERUZE 2 000 my 5 000 m Al
7000 m =/MFHRFEAE T SD K BRI T gk
Igfbp3 Bax PR TN FEH Bel-2 (FRIEHL
REB, SXIRAME, 762 000 m #EHR M4
N Igfbp3. Bax Fl Bel-2 FEF ] mRNA KIAH]
BAEAN, 155 000 m FREHET Igbp3 M

Bel-2 FEF) mRNA £iE &A1k, 75 7 000 m
i, Igfbp3< Bax A Bel-2 3 A ] mRNA #ik/K
PARE N, BATEN, SD KR AFFET &
R R IE KA B &, mTResS SD KR
MHEER 2 260 m ZE 3 300 m X R4 = B A 1
IFFABURE 5. Band 25 (2010) MWK
B, AT LSRR AT Apafl
R RL K 52 TR Zhao 55 (2013)
T 5 B R T 7 K, (A B N Puma
Al Bax BERMFRIEKF, XS5ARPFTLER—
o VLHH, R R (R o A
TR b R T i i R ) SR Sk
AT,

1E A5 e BB SR R B, pS3 T iEkE
KI5 5 p53 45M78 5 9%, DNA 45 6380
172 S S LR 1AL 4815 Apaf-1 ANFKIK, Puma.
Noxa F1 Bax i TR FEFE MR RIE, Lz 1 40
HJJHT. (Ashur-Fabian et al. 2004, Avivi et al.
20070 FATHTHHB TE RN, & B iR p53 S5 LA
I RE RAE 78 F1 84 S AFELEW M RIZELAL £

(An et al. 2018) . fEAH 5L 1, SIFT WAL K I,

i SRR R pS3 B 78 AL s (7R S H DR A B
R, %A A IR R AL R . UL,
R B pS3 45 MR T B S B MU R
EHERE SD KRAME, HrF e iR
Pidd. Bax. Puma 1 Apaf-1 RiE/KF T, ¥
TR Bel-2 Rk B, Miadms] 1
YRR A SR R T

CEM RN, EHT R E A AR
St H IR R IE R E EEMIEA (Gurnett et
al. 1984, Kleinschmidt et al. 1984, Band et al.
2010). TEARBFLH, AT HAEYE B ¥71%
%o v DR R B4 9 A O 3 R AT R A i
B, e R R GRS DA ) g B ) 24 P T R R
FI R A, E R B PIDD. PUMA.
Apaf-1. IGFBP3 1 BCL-2 5 VL5158 RAF(E
LR R LA A, SIFT 1Pflish BE W,
PIDD %5 853 57 1. PUMA 8 157 5475
Apaf-1 £ 320 57 51L& IGFBP3 £ 285 ‘5 if
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KRR o HL D RE A SR 3 R .
PIDD & 24 f A7 3% A T3 9 o X S Bt A
F (Wu et al. 2005), B H N3ty 7 M &5
IR FEL T (LRRs). 2 4 ZO-1 1 Unc5-like
(ZU-5) DXIFAI—A> C i 10 T S5 AL I8 4 A,
PIDD i H 7> C K Fp 5 ol 72 i it o 5
RAIDD
associated ICH-1/CED-3 homologous protein
with a death domain]FflK & &Rt &R EH
fi# 2 (cysteine aspartic acid specific protease 2,
Procaspase-2 ) JE i Ml i PIDD & & f&
(PIDDosome), 1%& & 4175 5 Procaspase-2 i
b, LR AR 4H A T (Tinel et al.
2004, Berube et al. 2005) . SIFT i¥-fli &5 LW,
= JR 0 B PIDD £ T C Ui dB 24504 1) 853 5
BL RUHIAR S0 D e R R E RO, AL R
H AR PR H &R (Gly) 28 5 ot IE HL
R (Arg), XFAZFAHESH PIDD 5
RAIDD. Procaspase-2 JZ % PIDDosome & &4
IS5 & IS, AT A3 45 4 1t 440 1 O T 2 R
PUMA & BH3-only FJf& 1 H A,
ot — AN EE A T T, Bl BH3 454
I N S B TR AL AB U X IEURT C R s 5 JE 45 44
AR, Horb C oz T35 151 ~ 193 FLAVE IR
SRR 52 AL 41 (Nakano et al. 2001, Yu et al.
2001).PUMA e %3 i 2 BH-3 45 #4485 Bel-2
FIEPURTE AL G, NI R &Rt
AR E H I (cysteine aspartic acid specific
protease , Caspase ), 3 HU4H M T2 (1 K £
(Steckley et al. 2007, Yu et al. 2007, Chipuk
etal. 2009). Yu % (2001) [ 72 &I, PUMA
(e BELH R T S PEANMU R T BH3 S5 4438,
WA T C R 2RI E AL 51, XEFP A
SR AN B E o T2 ki A, 43 PUMA 2242
BEARB I TR . MR B PUMA | 157
SR PR A ZE B (Gln) A2 57 AR
@R (Lew), 07 ML T PUMA Zobifh g
Rrghikgigirt, SIFT WHALES KW, & R R 1%

[receptor-interacting protein  (RIP)-

B et o Th e & somd . DRI, kAT
D = R W B PUMA 1 157 547 s (148 57 AT fE
AR T LRAA R E AL, AT/ T PUMA fie itk
SH MR T e
Apaf-1 & ZERLR I T 44 H B B T

BER T, B EE S LRI AR C

(cytochrome C, CytC) Z5&IHIHIERAE IR
YA E AE 9 (cysteine aspartic acid
specific protese-9, Caspase-9), J&BI4HEIHT:

(Zou et al. 2003, Bratton et al. 2010, Yuan et al.
2013). Apaf-1 H N A ui - e o BR Bl 55 48 1k

(caspase recruitment domain, CARD). CED-4
[ 45 R AN C A3 12 4> WD-40 B 5 P B
B Y TRV 4R (Yuan et al. 2013). BT
® W], CED-4 [l 45 M r] LAE 2t Apaf-1 K4
HE R, RIEHTAMARIERN (Leo et al.
2005, Yuan et al. 2013). /&5 B Apaf-1 [
CED-4 [RlF &5 F3g b 5 320 547 o e Al M 10y 22
AR (Ser) ZFANAEMIMERIAHNZERR (Phe),
AL A e DI RE A BB RER, B F] RESY
Wi 8 T2 /MR I TE B BCL-2 SR8 B A 42 I 3] Cyt
C. Apaf-1 F Caspase-9 713 [T 21 B 7 T it 26 20
ISR EE R T, Bel-2 i 3 IA 2 f 1 E R AR Tl
Cyt C, MImiHIZHpE T (Kim et al. 1997,
Huang et al. 1998, Finucane et al. 1999). A<t
TR KI, FERHEERRAT T, s U2
2 Bel-2 FEPRIRIZK R E T, XS]
SRR Cyt C, MIEZM Cyt C 5 Apaf-1
&a . Bk, &R B Apaf-1 28 320 547 5
HIAR 5 PA N Bel-2 W3R I 1S Apaf-1 fi2idt4H
M T8N

IGFBP3 52— B AR T2 7,

AR EEEMAERNEIEX . REX LT
PRAARX 3 A Gk, Hh R ORI
R E KA T (Insulin-like growth factor,
IGF) W4 &his, /& IGF 454 I B a5/,
IGFBP3 LAt IGF A1 IGF RI1E U7 3
ST (Devi et al. 2000, Imai et al.

N

2000, Buckway et al. 2001). A7 LK, &=
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JE R B IGFBP3 1E 285 543 55 H 45 1E FL AU 4R
M2 (His) 227 AT B RABZ (Asn),
SIFT VAl &5 AR B, 107 s 148 S X HDh RE A
WEER . R, AL AT AR T R ik
A% IGFBP3 5 IGF M)454 77, i1 2% IGFBP3
75 4H M T e

R FRTR, R R pS3 MR AR AR ST
RSO MR RS SD KRAF,
HAET ARSI Pidd. Bax. Puma ¥ Apaf-1
FIEAKA- TR, WTANHIZER Bel-2 FRiBKF
TR, IR T 4E MR T R
ICEMPERTS, m=EM R p53 NIRRT
PIDD. PUMA. Apaf-1 fl IGFBP3 j*%E T 500
HINRe A AL, X ATREE 1B S K HE
DiRe 2 &M 4E-& 77, Nmns] 7 A E T .
R, J I KR OGS, S BRI 2 24
HH 5 20 R TR SR IR R R PR M S R e AR A
FEIE R AR KT R AR, AT 20 B
T2, IR 2 e i B RO R A vy — A
TEAEB) 7 LR L —

Z ¥ X W
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