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I EAR B A BT RNA, F2HURNA A# T RNA-
freeff) /K, 177 T—80°C . I FH Thermo ] i & %
SR A AR A i, KTLVL R B 85 cDNA, {1
A T-80CH#H.

EE=bE ZNCBI L 1 R 5 (Orcinus
orca)~ MK (Bottlenose ballphins). &K
(Lipotes vexillifer) X 4+ IR I3 5 AR <7 X, | H

Primer Premier version 5.00 (Premier Biosoft Interna-

tional, Palo Alto, California)# i+ 5] #)(J8 5 XM
004281591; i £ A XM _004310255; 2FNM_0012
06046; HE XXM _007466989.1). T PHD2F %
AT 5 GC 2 & K s, ML — R 8 K 2, o0 i
FPA R 42 /3 10 5105 PR B B VLT LR i PHD2
FL[H, FFHI1-5™ 2xHigh Fidelity Master Mix & {5 2
B CRE R E WD) S NAR R 1.0 uL cDNAEAR (100 ng/uL)«
1.5 uL B3 514%0(10 pmol/L). 1.5 pL R3] 43(10 pmol/
L). 20 uL PCR MasterMix (& 44k 116 uL ddH,0;
PR 7 W8 N 98°C SminTHARME; 98°C 155, 58°C
30s, 72°C 25s, 35/ME¥; 72°C4E{H 7min.
#1 YIEKTIR, AR EHPHD2MS4)

Tab. 1 PCR primers used to amplify Yangtze finless porpoise,
beluga whale and sperm whale PHD2

519 FF51 1R B B
Primer Sequence (5'—3") Product (bp)
FP-PHD2-Q-F ATGGACAGCCCGTGCCA 564
GCC
FP-PHD2-Q-R CAGCGGCTTCGTCTGCCC
GTT
FP-PHD2-H-F  AACGGGCAGACGAAGCC 738
GCTG
FP-PHD2-H-R CTAGGTGGGCGTAGTCG
GCTGTGA
BRRIAE KA RKILILIK PHD 2 4

B, 7N B pCMV-HAH, # @A bR 2 1]
FIAFRipCMV-Ha-FP-PHD2. H1 Tk 7 figi Fl [ it
FEaPHD 27 A4 35 #5850 77 %1, iRPIENCBI L)
PHD2ZEF R 7 (R FBHXM_007127611.2; [ fij
XM_022553237.1), AT E B, TEERVED L) S
R B ) PHD 2 )Jfi ki, Bl pCMV-MYC-SW-
PHD2. fEHEBAEYIALR)E BB G5 PHD2 i ki,
ElpCMV-MYC-BW-PHD2.

B A A ALY IR ) HIF-1aFHIF-
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Bl A BRI YLYT IR B PHD2 () B fE A X 35 1 28
RIRHis(H S TR AN R R AL, HIE A
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giliab=Es FH - SR D AR v AL 1 5 S 4 Pl AR
o g N B R b R 4 i (HEK 293 T) 41 i i3k 47
SEHY . HEK293THH B A A & FE N 10% 1) i 4+ 1.
5 (Fetal bovine serum, FBS, Hyclone), = ##DMEM
R 773 (Dulbecco’s Modified Eagle’s Medium, Gibco)
F37C. 5% CO,MIE; FRF AT R 77

YHREEESR  FEFPHEK293T4HM T3 95 m b,
2 VigoFect(Vigorous Biotech, Beijing, China)ii
4, #£1.5 mL EP4 FPf# 1180 pL DMEMES 77 2 5
F£0.4—1.2 pL VigoFect, 784325, % il 5 H Smin;
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£ 53— NEPE H 48 F180 pL A I L 7E DMEM$; 77 5
Mk 1—3 pgi FEDNA (UKL VigoFect =1:0.4). %
T B Smin 5, W MIERIR 532, §il & DNA-E
JFARE A, EIREEE 15min)a, K H K510 N 2= 8
TR

RAREEMSH  FHEK293TH %
A3 L) 4 224 LR 1, By 40 M % R K A= 80%—
90%, &FFLEE 44100 nglfIPromoter-HRE(Hypoxia re-
sponse element). 10 ngf] 4 ZpTK-renillaF200 ng
(1) Bk, 048 7 0 BRI R 3R
PHD2JFi ki HIF-1o/HIF-2a % PHD2)5 ¥ 5 HIF-
lo/HIF-20 3t 3%, RABEI N EHE L. 24h)5, W
EREFREE, BFLIN A 1xpassive lysis buffer, & T
PEIR, 230min 5, 488 FH 2 e Aar A 43 A BN
¢ 6EMILARIIAIStop(Promega) ¢ Y AH, 103%, 20T

ERRERENEEE  HHEK293TH 4%
R A1 LLAg 23 222 A (R B 6 FLAR Hh, AR 240 i 35 G
£80%—90%, B FLEE 500 ng & M F PHD 25 #
MY C-empty/HA-empty, 2000 ngX N 4 (K] HIF -
la/HIF-2a, ¥ 4k6h )5, 4 —#i6 FLACE TR A Ak
Wi (37°C 2%0,), 18hJ&, B H 41 i 3 72 A AU T
VRSl B 6FLAR, W B 77 5, hn N Al SR, 4°C 2L
fiEE30minj5, Y4l i, 4°C 12000xg S 0> 15minji, W
HU50 pLIf 8 F R, TN SRR 2% R &2 il
(2xloading buffer)H15% A& FH 1 B- 5 & LB (EDUR
PEAYD), FEE RN 7K o #omin S 31 i) 4 4F
(R EAE . 8 B R R E marker(Thermo),
200 VIEJE N #E17SDS-PAGE HL ik, £ & [ marker H,
KAy S TR 264 5, 150 mATE R i 3h, %
PAGE#EIR 1 E A BIPVDFIR . MR¥E H 1
BEPR B b 25 A8 F 6 B AR IR B, fEIF B 45 IR
J&, A4 1 5% 56 1id% & 8E(Fuji Film LAS4000 mini lu-
minescent)#F 4T i UFIHA HE

BT A&  anti-Myc (9E10, 1:1000 for IB ana-
lysis, Santa Cruz), anti-HA antibody (1:5000 for IB
analysis, Covance), anti-GAPDH antibody (SC-47724,
1:1000, Santa Cruz)

WS N TRICERBREE ST, %
T3 EG U, il IMLARITRI Stop 2 J5 1A,
& & b, #IH GraphPad Prism 5(GraphPad
Software, La Jolla, CA, USA) A4 3E 4T #0458 5347 o
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391), I HIX A X IR FL L 7 HIAR AR <. 35
it () PHD2FN N [ PHD 27 P A 45 R 358 11 S F R
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ety A R,
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HIF-2a, W98 HIF-1a/HIF-20 R A& 2SN T
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{5t AR HITF - 1 o5 A TV R {3 5 9 32 DR A 3 %
VER S o, [FII I Rk 3 M K (Y HIF- 1o/ HIF-2041
PHD?2, 83 b R B # e PHD 24> W B HIMK &
755 K T HIF R 28 R FE S vm s (- 1), A28
PHD2 AJ LATE & (1 KV 5 HHIF- 10/ HIF-2033E 47 15
T, WO 3Fh 5SS I PHD2 I H HIF - 1o/ HIF- 20347
T EIKPREF

8 X PHD2EEE T EBHIF-aFEE TEH
AFRALM T, 2 AT . 3 SRR 7 i 1
PHD2XTIK . AR i HIF-10/HIF-208
I s2 R, R AR HAE LR, 3N R I PHD?2
Yo R R AR M I HIF-10/HIF-2a, X5 FiRluci-
ferase 7 T 45 SR — 8. MEARANE LT, X Fh 4 A
A B 2 (& 2), ATRE A& B T PHD2 B M# T 35843 1
HIF-1a/HIF-2055 A, ‘T3 T HIF-10/HIF-20/1] 5
WD, T T HIF R 5 2 R A 3 s v 1k

LI Bk E SRR PHD2XT HIF-0$%
BEBIALE  PHDsEHT R IEALBAH/E 15
YA BCNLXXLAP(X R TR E A R) . A5 5
WK KA i A 3 65 1) HIF- 1o FVHITF 2 o5 8L
LXXLAPfili % B2 (Proline, P)9E74% Jy7H % R (ala-
nine, A). fEHAAMKEFZM T, fIFP-PHD2.
BW-PHD2F1SW-PHD2%IFP/BW/SW ] HIF- 10X 5%
AR HIF-20 W R AZARE K520, 303 F
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Fig. 1
condition

The effect of PHD?2 from FP, BW, and SW PHD?2 on HIF-a transcriptional activity under normoxia conditions.-under normoxic

7EH AT, FEHEK293 TS 2 th 5 YLV T iR (FP) K HIF - 1 o/ HIF- 20 FIMY C-empty 2% # FP-PHD2 i KL, 43 HTFP-PHD2% HIF-o. I~ e 35 [ J
ijﬁﬂﬁ%uﬁ(A B); £ % ., fEHEK293 T4 il &+ #% Y2 (4 65 (BW) 1 HIF- 1 o/ HIF - 20 M MY C-empty X 5 BW-PHD?2, 43 HiBW-PHD 2%}
HIF-o T 25 R E 3 T 152 R(C, D); 754 4 T, fTEHEK293 T4 3 % Ytk 75 i (SW) I HIF - 1 o/ HIF-20FIMY C-empty 8% # SW-PHD2,
ST SW-PHD 2% HIF-o N 3K 5 8 7 2 (E, F)

HEK293T cells are transfected with FP PHD2 or MY C-empty together with FP HIF-a under normoxic conditions (A, B); HEK293T cells
are transfected with BW PHD2 or MY C-empty together with BW HIF-a under normoxic conditions (C, D); HEK293T cells are transfected
with SW PHD2 or MY C-empty together with SW HIF-a under normoxic conditions (E, F)
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A 4 HEK293T cell line b
Normoxia Hypoxia
HA-FP-PHD2 -+ - + Myc-BW-PHD2

Myc-FP-HIF-la, + + + +  Myc-BW-HIF-lq

aiMye [ R aniMye
anti-HA III anti-Myc
anti-GAPDH IEI anti-GAPDH
B .

a HEK293T cell line b

Normoxia Hypoxia

HA-FP-PHD2 - + - +  Myc-BW-PHD2
Myc-FP-HIF-2a + + + +  Myc-BW-HIF-2a

_tln |

HEK293T cell line

Normoxia Hypoxia

L ORI R T I AR R
BRYE, H AT, 4T AN A DRE, Rl AR
DRERINIRIE T+ A IR . BEE M R B it
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S8 AT SZ ML AU 5 i

c HEK?293T cell line

Normoxia Hypoxia

+

-+ Myc-SW-PHD2

Myc-SW-HIF-1a

+

+

+ + o+ o+ + o+ o+ o+

HEK293T cell line c HEK293T cell line
Normoxia Hypoxia Normoxia Hypoxia
- + - + HA-SW-PHD2 + +
+ 4+ + + Myc-SW-HIF-2a + + +

anti-Myc anti-Myc EI anti-Myc

B2 TR, AR SR PHD2 X AR THIF- 105 HIF2a 8 H KT #20
Fig. 2 Effect of PHD2 on cetacean HIF-1a and HIF-2a under normoxic and hypoxic conditions

ATHR S EBORMIR A B I PHD2AE A0 T AR 25 1 (HIF- 1o, ISR WK RE R B A, B VIR, BRI R 2 B PHD2 A5 3 6 - [ A
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PRIMARY ANALYSIS OF PHD2 FROM THREE DIFFERENT CETACEANS IN
HYPOXIA SIGNAL PATHWAY

3

LI Ying"’, BI Jian-Ling"’, WANG Ding"’ and XIAO Wu-Han"

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. The Key Laboratory of Aquatic Biodiversity and Conservation of Chinese Academy of
Sciences, Wuhan 430072, China)

Abstract: Hypoxia was a major challenge faced by cetaceans during the process of prolonged diving in the secondary
aquatic adaption. Although physiological and anatomical traits of hypoxia tolerance of cetaceans have been well charac-
terized, the molecular basic behind their adaption remain unknown. Proline hydroxylase domain enzyme 2 (PHD?2), one
of the pivotal regulators of the molecular response in hypoxic stress, can utilize oxygen to hydroxylate and mediate the
stability and transcriptional activity of the alpha submit of HIF. In this study, the PHD?2 gene was cloned from three
species with different duration, the sperm whale (Physeter macrocephalus), the beluga whale (Delphinapterus leucas),
and the Yangtze finless porpoise (Neophocaena phocaenoids asiaeorientalis). Sequence analyses revealed that the se-
quences of PHD2 from these three species were highly evolutionarily conserved, with few deletions and substitutions.
In addition, we analyzed PHD2 in these three species in the hypoxia signaling pathway. Under normoxia, PHD2 of
three species can degrade HIF-a (including HIF-1a and HIF-2a) protein of three species. Under hypoxia (O, concentra-
tion less than 2%), the HIF-a proteins can accumulate. Furthermore, the degradation of HIF-a by PHD2 in cetaceans is
relying on the recognition of the amino acid motif LTLLAP and LEMLAP on HIF-1a, the LAQLAP and LETLAP
amino acid motif of HIF-2a, as well as the proline hydroxylase efficiency of PHD?2. It is speculated that PHD2 use oxy-
gen as a substrate to hydroxylate designated proline residues within the conserved motif LXXLAP of HIF-1a and HIF-
2a, allowing von Hippel-Lindau protein (pVHL), the substrate recognition component of an E3 ubiquitin ligase com-
plex, to bind to hydroxylated HIF-1a and HIF-2a and target them for proteasomal degradation. Without the oxygen, the
activity of PHD?2 is restrained and the function is not fully utilized. This study is a preliminary exploration on the PHD2
function of three different hypoxia-tolerant whales, aiming to provide a basis for further study of the complex feedback
regulation of PHD2 and HIF. Future investigations on another PHD isoforms over HIF pathways are able to be
achieved. Thus, it also provide the basis for in-depth study on adaptive mechanisms of hypoxic tolerance in cetaceans.

Key words: Sperm whale; Beluga whale; Yangtze finless porpoise; Hypoxia Tolerance; Hypoxia-Inducible Factor;
Prolyl-hydroxylase domain enzyme 2
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