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BEF, FHEE, E K RE AR, X B 400042 T P, [ A 00 I 2 vh U R PR o 5 e AL AIE 5 3

(FEE] HI IR0 4H 2= 75 8 1218 H (hemoglobin, Hb) o B WP, DA SAN [F] 25 AY
M AEHA P RB SR EA AN, Jiik L RT-PCR DNA il J¥ Fl Western blot 7341 SD K B3 &
Bk SR 6 Sk &R R Sk i FR KBSl kB Ik S i A 20 2R A 3RA Hb o B
WS SR RS qPCR 43 Hr HZRak 22 5, BORIL R 9O B AR /3 A 3Rk Hb o (B WAL H 41 i 2L,
gk M BRI AL AR 1 5 GenBank R EL Hb o B W5 mRNA ¥4 —Z() DNA B,
[F]BF 3 322 Western blot 5 2F¢ 7 (1) Hb o (B WHEEHR 1557 . qPCR 25 /R AR M4 42 Hb o« B
R ARXS ek T AEAE 25 7, IAE Ik b A fe i (Hb «=7. 23, Hb B=4.73) , iy 3= 3l ik 2 35 A%
(Hb 0=0.12,Hb 3=0.11), H 5HAh M4 L 2= S A G #E X (P<0.01) . SREEDSC/H IR
Hb o B WAL M N AR . &5 Hb o B AL [F7E R B AL T (BH ) 2 S5 A [ 26 28 1 4%
HrhFeak  HA A AR F IR T 7E R ) A8 o 1 A8 TP s AL 3 M T I

[ KRR M8 A; MmAE; 3R ; =ik

[HEESZES] R322.12; R331.141; R394.2 [ STEKFRER] A

Expression of hemoglobin « and 3 subunits in different types of rat vasculatures
ZANG Jiatao, LI Qinghui, WU Yue, ZHANG Zisen, LIU Liangming Department of Shock and Transfusion, Army
Medical Center of PLA, Chongging, 400042, China

[ Abstract | Objective  To clarify whether hemoglobin (Hb) « and B subunits are expressed in rat
blood vessels, and whether there are differences in expression levels between different types of vasculatures.
Methods RT-PCR, DNA sequencing and Western blotting were used to detect the expression of Hb o and 8
subunits at mRNA and protein levels in common carotid artery, thoracic aorta, superior mesenteric artery,
femoral artery, external jugular vein, superior mesenteric vein and femoral vein in SD rats. Relative
expression levels of Hb o and B subunits in these vessels were determined by probe qPCR. The results of
immunofluorescence assay for Hb o and 8 subunits in these vessels was further observed by laser confocal
microscopy. Results Specific DNA fragments were amplified from different blood vessels by RT-PCR, and
the sequences of these DNA fragments were identical to the mRNA sequences of rattus norvegicus Hb « and 8
subunits in GenBank database respectively. Protein peptides with correct molecular weights were detected
using antibodies against Hb « and @ subunits respectively from total protein extracts of these blood vessels by
Western blotting. qPCR results indicated that the relative expression levels of Hb o and B subunits varied
between different blood vessels, and it was significantly lower in the thoracic aorta (Hb a=0.12, Hb B =
0.11) while higher in the femoral vein (Hb o« =7.23, Hb B =4.73) (P<0.01). The results of
immunofluorescence laser confocal microscopy indicated that Hb « and @ subunits were expressed in vascular

endothelial cells. Conclusion Hemoglobin o and B subunits are co-expressed in rat vasculatures, including
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conduit, resistance and capacitance vessels, and the relative expression level is higher in the resistance and

capacitance vessels but lower in the conduit vessels.
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1ML £T 8 1 (hemoglobin, Hb ) JE2T 41 i i1 3 2847,
BHEZ LA Hb E2 M o B WA (L Bk
JLBRAE)  APORAK (B ), BITEAELE. 21400 Hb B
Hizki 0,.CO,, iz 51875 HAth <43+ (NO . CO,
H,S %) MZhRE B AE A AL 2 5 E AL IR, 2
RNEENEAFZ—" .

e 19 4l 70 2R, AfiT—H AN Hb HAELL
FRAMI R IE, S5 RSk K 2 PP AR LT AR 40 it 3Rk
Hb' > fHH D RERIAE BRI SO AT AE . 2012 47,
STRAUB ¢ 7 (nature ) %7 & & ) SCFE 48 , 117
AL 3 T BN (western blot, WB) (S 2d)t  E
B R G M4 25 I B ( quantitative polymerase chain
reaction, qPCR ) 737 /INEUI 5 3 ik . T8l Bk 1 2% 1 5
ik i ' R Bl Ik A I A DA B N R LI A A Hb i
FEARMEOL, KIAE MAE AL Hb o AR KT B
FEANFTR TR L) A h R AR AL S h AR TL
2016 4, KOLLAU 46 452 38 5% 5ek 4R 20 ik o [ J2 7 1
Hb, 858 IA y Hb SR 5T 1388 57 8 8 B 2140 i
AJEMAE LKL FY NS HLUE R RIS Hb S H
FEIE M LAY | T RE RN A PR EEAE A 7T 1 S At
B b3k m) il HA E 0 S

M HEZH B2 Hb ZHEE ) 1 2R R, ©FI4L40
il Hb 2 o B AELH AL, BT S BN | 3 ] 4
ik, W HEHR B 58 AN T BT AN 5/ T RE S, &R
Hb B LA 5 T AR LD R A0 Hb R
Pha B EEERIE AR, AR, (A PN I AR 5 D g A
SroNtE S B i SSHER R B BKIE T
S, Sk Sl bk TR M, kR T
B )E T B g . %5 BH 25 i AR
I P9 52 20 i ( vascular endothelial cell, VEC) | [fil 45
SEVE AN B ( vascular smooth muscle cell, VSMC) | ) £F
AN M2 B, Hb HAERH ) 148 rh B 45 e A w2
— PRIk, P, AT SR HIBE P R AW Y 22
75 %8, N mRNA B 58 F1 2R H Bk P #EAT0E 5T, 1
W BRI AR 5 335 Hb o (B IE 3 7E I FE A
Sy BTSRRI A L 2 v 1 3k R AR AE 25 e v, 2
o HA —E R RAEE

1 MR5TE

L1 %53

SD KBk A iR 2L s =
1.2 B4t

TRI reagent M) H 3& [F Sigma 2\ 7]; RNAstore

reagent W F KA A AL RHL (L 5) A R A5 4S green
IR RN B F A TAEY TRA R ; BM2000
KBRS ¥ AR NG B b 50 0 7 A W) R AT FR2S A 5
AMV ¥ B S350 & W A 3¢ [E Promega 23y
PrimeSTAR®HS premix & {f H DNA 2 4 [iff . Probe
qPCR mix(2x) 1§ { H A TaKaRa 22 7] ; & il 514 .DNA
M8 . Hb o Tagqman #£41 (#Rn00820725_gl1) \Hb
B Tagman 4} (#Rn00583657_gl1) .GAPDH Tagman #4
£F (#Rn01775763_¢gl ) Wy H 3¢ [ Invitrogen 2y ] ; Hb o
PUR (#ab92492) 1 H 3£ [E Abcam 24 7] ; Hb B #{A&
(#sc-390668 ) W H 25 [F Santa Cruz 2 a5 B4/ R 1eG
Pk (#926-68072) | LU F-Prte IeG Prid (#926-32211) |
AP/ B TeG ik (#926-32210) Ity B 35 [F LI-COR
23] 5 B-actin FUAR W B RO 8 A Y TRARA
3 8 B0 § AR (#22616) Il H 32 [E Thermofisher
/NH); 0. 22 wm PVDF J g B 56 Millipore 7\ 7] ;
mouting medium with DAPI 1] £ 31 % 1gG HiiA ( FITC
FRic) (BTN B TG Bt (TRITIC FRic) 1 A AL 5t
P2 A DR BRA F
L3 RBEME

NanoDrop 1000 4 & 2% B2 £ 1l & {1 B 2 [
Thermo scientific 2 @), qPCR {1 PCR ¥ 4y B 3£ &
Bio-Rad /A #] , Odessey “ CLx JLLL AP UG R 42 A 56
LI-COR 73 w], TCS SP5- 11 o't 5 £ 18 il [ 1 [
Leica /A F) o
1.4 7%
L4 1 IRk RARBEZY 200 g /9 SD RELLL
3% I3 G2 BN RR I, I M 13 Sk 2R AV W 500 Ur/kg
JE 255 30 min, 44 43 B8 #5880 i ( common carotid
aorta, CCA) | #i 4§ ik ( external jugular vein, EJV) | &
ik (femoral aorta, FA) & ik (femoral vein,FV) 7
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Z R _E Bk ( superior mesenteric aorta, SMA) , F—#%
S s T Sk EAT IR 32 30 bR 2, A 90% H 1 AR
T SRR BB B G L 03 5 BT R LA, Ak
Y JF 2R A A AR /K PR gk, TG R K 3 e R IR
UK RNAstore reagent Fv, % IR [A) K ) 75 12 K TR K
JBCHRIVK i Z ARSIk UGSl K SN Rk i #R R
ik ( superior mesenteric vein,SMV) | & J5 T 1 il Jiz 51
T M9 3= Bl Bk (thoracic aorta, TA) . ¥ Ifil 4 2 1 1E
RNAstore reagent H, 7EffF 1) Gl B F 2B L4 S0 ) i
JieH 44

1.4.2  RNA $2I5 0 % -2 5 Wl X SN (reverse
transcript polymerase chain reaction, RT-PCR) SGiRBul
TRIzol- 5 {532 B BUIM A 4 054 RNA, JII5E £ RNA
W5 L R R AR PE B AR B e v Wk 23 BT 5 RNAL i it
Hi 285/18S HUAE% AT 2. 0 1 &l RNA FEA 1 5% 5%y
¢DNA,20.0 pL SRz A & s RNA JilE 1.0 pgo A
F PrimeSTAR® HS & {# FLEGEAT PCR 71 R0 , B R
MAAZ 20.0 pL, HH cDNA 1.0 pL, 1E. 5 15494
0.5 who RAEINET519, 51 JaB KR E W 1,
PCR Wi &44-4:95 °C 2 min;95 °C 30 s,1Ek 305,72 C
30 s, fEY 1S N Yﬁ((NB_Mn =30,N,,,=40) ;72 C 2 min,

®1 KRMIER «.pIE RT-PCR 5|#)

FIMFEII(S —3") 1B Kl

TE [ GGCCCTACAGAGGATGTTCG
Hb « 58 C
JZ 7] GAGGCGGCTTAACGGTACTT

i1 CTGTGGGGAAAGGTGAACCC

Hb B 58 C
J% il CCAGGAGCCTGAAGTTCTCA
i Ji] CAGCCTTCCTTCCTGGGTATG

B-actin 60 °C
J2Z 1] AGGGTGTAAAACGCAGCTCA

BUFER

e

1.4.3 DNA JUFF 508 PCR ikt iis
BEEEICHL UK AR A IR 701 e An A I DNA Fr Bery i<
FE K 5 WK FE — S8 DNA 5 Bese e vl s k47
Wy 534 ik DNASTAR 8. 1. 3 R {F304T Fu X o3 At
#EFPH N GenBank U4 P2 IS5 9 K Bl Hb o mRNA |
Hb B mRNA.,

1.4.4 SEAER AL ESER M TRIzl-51
D7 BRI RNA B G007 2 PRI, 2 ] SIMAO 45
HENL I TR

1.4.5 Western blot £ i# i BCA 57 & &
SV VR EE ST AT n B R - SR N A T B G
ML ¥k ( sodium dodecyl sulfate polyacrylamide gel
electrophoresis ,SDS-PAGE) , 73 B iKW i 17% (i g K

R0 , EAERE 100 g, HEUK 58 B 0 2 5% IRAY
PEER A 5% 5] 0. 22 wm PVDF B | 5% R4 14
18 V 30 min, PVDF JEELLEEAE &5 45 £ 14, Hb o HTIA
Hb B HUAAFRELL B 1:500,4 CHFR 72 h; B-actin Hrik
R 121 000,37 CWEFE 1 hy 5 F B L 1]
1:10 000,37 ‘CHFE 1 h, PVDF [ b 90551t
Odessey® CLx LLAMNEAR RGAN . it Image J 4K
R 7 B 25T 0 K BEAEL, 43 B A [ 288 R 1 45 4 21
Hb o\ B M JE AR A 2R 1 08 1, Bl bk il 45 3906 3
Wk FRIR T R 1. O, F K I 5 20 41 i Tk 1) 2Rk 1
wHh 1.0,
1.4.6 BOGHREIOCRMIAST  HH1.4.1
M7 EBCT SD K U 3= 30 ik L 80 ik L ek, T
ATIR ALK Y T KB 3 mm (Y I8 3, 1=K
TEAF R -20 CY¥ R 1 h, KZRYI R L 15 um, 4
L) IR IAE 4% (T AR T340 22 5 Y s v == L [
% 15 min, L PBS %8 S min x 3 ¥ DL 0. 3 % (fRFR4Y
¥0) 1 Triton X-100( Fi] PBS ##%) 37 °C /i 30 min, 7
ARDHRNL 2E 17 37 “CE P 1 h, Hb o \Hb B AT
T PBS $i2 B8 1:100 (IR FR 3500 19 Le 497 ¢, 4 °C o
& 72 h, Ll PBS Y& 5 min x 3 K. ILPEP/INR 16 4t
TR LS 1gG HUiR T PBS 5 HR 1:200 (R FH 4340
() LA B, 37 C G E 2 ho DAPT Jj PBS 4% 8
1:200 (ARFRATE0) 1 LE IR BE , 37 “CEEEIEE 15 min,
DL PBS % 5 min x 3 3K, {EINZEGE S LA
PR FEROEIE R A WARUE T R DOEET RIS
1.4.7 qPCRZr#Hr  BAFL20.0 pL Y qPCR JZ hf
RZ M, % ¢DNA 1.0 pL, @& 4k Tagman #41 1.0 L,
R 454 :95 °C 30 5395 °C 5 5,60 °C 30 s, fEFFY"
1440 Yk SD R B B 5 S sl ik M 32 3 ik i &R e
Bk o AR K BRI, B2 i 3 ML, LA
GAPDH RN Z  BHPEXT REFLAN T cDNA it FHXT3
IREELL 2740 ST R Sl kA Rk R 1.0,
1.5 %itFEam

K SPSS 20. 0 Geit2- 8, & LA S DL xxs
7N, A ARV EE 225 5 LU R D ¢ K 3w, P<0. 05 KR 22
RAGITFE L

2 %R

2.1 Hb«.p LA mRNA 2£F A SD XK R F £ A f
TR IR

DA B 3l Jok (556 3l ik ) 3= 3l ok | B sl ok W 2

Bl bk (AN K 2R kB O

148 cDNA SR, LA i 1 K B Hb o B 2
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51947 PCR 97314, N 3R i 45 #R 9 3 th . — DNA
FBGILE 1, KB Hb o B WAES | AR & 5 4h i 7
1, YAETESER 2 DNA J5 54, 47381 DNA 7 B B
R B ORI IR Sy bR LA R B B
9y DNA 5 By 5l 5 B Al /9 K B Hb o B W73
RT-PCR =) K J& — 3, bt ml DL# o 97 15 15 2 1Y
DNA Bk H ¢DNA TijdE3EF 41 DNA,

M NC CCA TA SMA FA EJV SMV FV

500 bp—
Hba ——————— 354 1)
250 bp—
500 bp— W
Hb
P oo bl -0
500 bhp— [N _
B-actin S -7 bp
250 bp— [

M:DNA 4% F & 4% /£ ; NC: negative control, RT-PCR Jif 45 ;
CCA:ZA &3 bk ; TA A 30 Bk SMA W Z B2 ESh Bk FA L Ik
MG EIV: 3k SMV : 1 & E#AK FV B Ak
E1 RT-PCR &l SD ARAREEMEMHLE Hb a.p
T mRNA Rik

4Peaks .

€ TACTICTCECACAT TG AT GIAAGCCCCG GCTCTGCCCAGGRCAAGGCTCAC

Seq

¥ B3k RT-PCR ¥ 2571 UI K #6477 DNA I/ 43
B, D45 7 511 5 GenBank Uit 55 4 46 jgk K B ( Rattus
norvegicus ) Hb o\ B V.3 mRNA /531 i 47 Hb %43 #7 o
2 g 8, Hb o W 3 RT-PCR /=¥ J¥ %] 5 Hb
mRNA ( JF515 % NM_013096 ) A [7], W& 2; Hb B i
AL RT-PCR #5155 Hb B mRNA (#5152 NM_
033234) fH[A], WL 3,

AER 53 S g 25 HRAE R SRk FIESE Hb o BT
FAE ML E RN, HAEES A8 1SR
[ I A 2 2 P A .

2.2 Hba.p BEEEGAERE XA @E L FEHF

A 10 PR AR B SR 1) mRNA R E47 2 1 B
0L, A T 5E Hb o (B WAL R A7 M A A Rk,
258 Hb o B W EE R R IXE L. 45 R0
L Hb o BOSER (7 I AE 4 20 R B v [ AR TE
$#2/8 Hb o B W3 mRNA FHIF R A ; 1L oh , RTRIZE
A A h A B Hb o, B LR R, 428
Hb o B WHETEAS [A] AU 1M 45 A SV #f 3R 5k, (H 3R GR
I AE — 8 1 22 5, M 3= 30 ik 0 A0 X 28 38 i A A1k
(P<0.05) , WL 4,

Sunday, July 21, 2019 10:05 AM
Wilbur-Lipman DNA Alignment
Klupl: 3, Gep Penaly: %5+ Window: 20

q2(1>3| 3) Similarity Gap Consensus

(1>a13) 9.7 0 0 313

1(1>556) Gap
Hhal ha1 rattus.se« 3-P2.s¢ Index  Number Length Length
MMO“MA 1 ,umnuu A u.n i — e

GamGcccreee \CCACGTCGANGACCTG

CTCGTGCCCTGTCCACTCTGAGCGACCTGCATGC CCAC CTGCGTGIGGAN

ccrGrCcAAC GTTCCTGAGCCACTGCCTGCTGGTGACCTTGGCTTGC

ccicccreccs

CCTCTETGAGCACCGTGCTGACCTCCAAGTACCGTINA 6CCECCTCC

ML Hb alphal rattus.seq G’I'GCT [
Q \ fﬁ N/A\ Qﬂ ﬁ (\ ( (\ .Al\ (\n A ir2heeq IH\_L(I:[\\Cléc[\\lll\HI[HlIH]IlH B

Hb alphal rattus.seq CTA

3-P2.seq

Hb alphal rattus.seq cc

3-p2.seq

Hb alphal rattus.seq

Wl AAA/\ N\M/\A/\/\A/\ AAMJ\AA/\AAA WMAA/\AJW\

3-P2.seq

II\\II[\\II[\\II[\\II[\\IH\\II\\III\\III\\III\\III\\II[\\II\\\II\\\I

rrrr

220 33 o9t s e <70
o vzao _v2so vzso v27o vnc vzsc
IH IIHHH\HH\HHHIH\HIHIIHHIHHIHHIIHIHHIHHIIHHI
12 ‘5 140
vzoo vam v320 vaao vaao v350 vaso
CAACTTCAAGT

cc TG
II\\III\\II[\\II[\\III\\IH\III\\III\\III\\III\\III\\II[\\II\\\II\\\I
210

~1 ~1 18 1 "2
v370 vzso v390 v400 v410 v420 vuc

Hb alphal rattus.seq CCA

IIHII[HIH HHHIHH H\HHHII\HIHHIHHIIHIIHC\IHHIHHI
~280

TCTGTGAGCAC!
220 230 uo ~250

A:Hb o &3 RT-PCR =4 5 it (# %45 4 3-P2) ;B:RT-PCR =4 /-] 5 GenBank J& % 49 Hb oo mRNA 5

7 (455 NM_013096) &4 bt 3 5 H7 2
2 SD ARFR%EMEAR

Hb o IFE RT-PCR =4 DNA il F

53t o247

Sunday, July 21, 2019 7:40 F'M
4Peaks‘ WllburyLlpm);n DNA Alignme
TGGeCTG 16 GGG racere KluleaGapPenaIlySWmdowzo .
C Seqi(i>6 Seqz(1>28) Similarity  Gap  Gap Consensus
Hb beta ratlus seq 3908169.1.Pair1.(A6098)P1.G170211_C0150 _ Index Number Lengtt Length
(85>370) (2>288) 979 2 3 288
CCTGGGCAGGC TGCTGGTTGTC TACCC T TG GACCCAG AGGTACTTTG v90 v100 v110 v120 v130 v140
: : Hb beta rattus.seq TGGCCT cc T
, T o T T T
/WWY\/\/\/V\ /\/\/\/\/\f\/\M 3908169.1.Pairl. (A6098)P1.G170211_C0150 TAT
~10 20 ~30 ~40 50
TAGCTT GGGG CC’KG‘CC TCTGCCTCTGC D 150 v170 v180 v190 VZDU
T L v Hb beta rattus.seq
‘ T AT T T
M 3908169.1.Pairl.(A6098)P1.G170211_C0150 t.l
o 30 90 100
s EE 56 . BAe TTgET T rme mu”g 0" o™ v i s e
2 Hb beta rattus.seq
mmmmmmmmmmm]mmnmummmun
A / 3908169.1.Pairl. (A6098)P1.G170211_C0150 TCTGCTR’I‘
= - 120 ~140 ~150 ~160 0
c : WA AN L G UG TR I L L I
b beta actua.sed H\H\H\H\H\H\H\Hm\\H\HHIHIHIHHHHIHIHIHH
VY M/\/\/\ [\ /\[\/\[\ /\/\/\/\ /\/\A/V\AAN\_A/\/\A M\j\ J 3908169.1.Pairl. (A6098)P1.G170211_CO150 AATGATGGC
TG TG e GCTGC [ CTtCGG GCCCTCCTGGG 180 20 3
G V 40 V 5 V 0
Hb beta rattus.seq
mmmm\mmmmmmnmm il
A 3908169.1.Pairl.(A6098)P1.G170211 ._C0150 CACTGTGA B
ge 1 5 ~260 Z7D b |

A:Hb B & RT-PCR =#nl 5 B (%5 A P1) ;B:RT-PCR Z# 5 %]5 GenBank J< ) Hb B mRNA 571

(%5 NM_033234) 8 s st 547 45 %
E3 SDARARXBEMEAR

Hb g IFE RT-PCR =4 DNA Ul 7 5L 33534
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25- Sk o bk ,
M rHbCCA TA SMA FA EJV SMV FV mcca WE)Y
2.04 TA m W SMV
Hba «— 14x10° ’ W SMA HFY
i WrA I
#® "
15x10°—| 2 1.01 Z 24
55x103 0.5+ 1
35x10— A 0 0
Hba HbB Hba HbB B
W3 WA

M: &8 Ro-T 2474 rHb: K A4 i 41 % & ;CCA: S E S Ak TA JA 50 Mk; SMA: B & BE B3 Bk FA L B3 Ak
EJV: Z 900k ;SMV 1 & B2 L3k BV BEFAR 40 &, 5k Ak K 680 nm; 4k & 35 0K A2 & 4 800 nm;merge: 40
938 9k % 680 nm 800 nm E 4% & Ausa: P<0. 05,5 3 fb o 5 40 47 ph 85

A:Western blot % ;B RE £ A ML P Hb o fp BEFE G AL E

B4 Western blot #2il] SD KR ARXEMEHALAF Hb o p TEHEBRIE

2.3 Rt Hb o f BA B W 0E AL mIEE
DABOG I3 A A LA 3 S sl ik i = Bl ik i
FIKSE AT 120 Hb o B P JE I Sy 5ok, & B Hb
o WAL T Hb B W R 2L (408 et & 1 4
A LA AR A 003 LR L L ST A 2 e
KRG FN G o, W 5, $E7RAS R IS i 45 2 21
H Hb o B VS S B I P B AR A . 45 R
7~ Hb o B IEAY 7E /5 15 Y B 40 it rp 383k, T A
JE TR ILAE A R AR RS

DAPI Hba

10 pm

—

10 pm

10 pm
— —

10 pm

—

10 pm

—

10 pm
—

10 pm 10 wm
— —

HbB

2.4 REAEALEFHELF Hb o p LK XZF
qPCR KA [RS8 1M A b Hb o B F AR
FikZE 5, AR R UK M sk R shk g F&
JE b bk B ik S A (] 28 Y 1 A ZH 2 Hb o B IR
B FOBAFE2E etk o 5 A I A8 LU, B 3= 3l ik
AR B AR (P<0. O1) , e bk v i A 0 e 5 5
B (P<0.01) WK 6, AN[FIZERMAE H Hb o B
SRR KT B S DU R  AE R ) A R A T
AT SR e , R A% T IS v A A R ik = BIR

Merge Merge+DIC

10 pm
—

DAPL.4> ,6-—pk A -2-%K vk Hb a: 22 & & o L&, =4 vk FITC 4748 Hb B: o4 & & B B &, —H A
TRITIC #74%;Merge: DAPI Hb o Hb B 3 & B 1% & n; DIC: 5 F # £ (48 £) ; Merge+DIC. DAPI Hb o B 1%,
Hb B E 1% DIC B4% & 4 ;CCA: F0 X 30 Bk TA B 30 Ak FV B # Ak L. e 2

BS5 HAHERERAEBHMEASH SD XRARXEMEALAAS Hb o BIEEMELRIZ



404 Bl 4242 R R 241, 2022,44(5)

http : //aammt. tmmu. edu. cn

CCA TA FA SMV FV
I

CCA: 2 % 30 B TA : Wy 2 5 B FA L B30 B s SMIV ;s 7 6 b
FpH s FV AR I a: P<O. 01, 55 34 &2 M

B 6 qPCR %#7 SD A RAFXE MEALH Hb o.B
TE R FREKTF

3 Wit

M 20 b4 70 AEACE AT RRSE & B R A
W 25 1 R e | I e b R e T L
REMIZETE A9 2" 2R 4T R AL Hb, X8
L0 R 40 Hb B A R 328 AT Hb B3k
RANINIFF 4G . e F L4 4 21 )& 5 # ik Hb, STRAUB
2l KOLLAU 25 ™ S J5 T B P 5T , BT % BRI 20
2R3k Hb o WAETTANZE TR Hb B VAL, 78y ifn 8 v
FRMAEAL TS R FRIR, J5 5 e 5 R 3l kO 1
WUZ& B Hb o B W3, {HIA A HOR U F 1045 8 72
PR . TR, A 06 B — 5 1 S [ 2 280 1 4
AR IR Hb DA H E B AR o B WAL
B

B IASE P 3R 8 75 22 N mRINA &% 5% L& 11 IR
ASIKE AT mRNA # 55 K P 19 45 e 23 B
J7 52 RT-PCR 1 DNA il J¥, RT-PCR L& %77 509"
15 H B9 DNA, R 11 RE W% % BLHE DB AR 19 3L R, 2 A
I 28 AR B v ) DR Rk 43 B 7 1 s XT3 1 DNA J
Bt A o34 K 4 i BeJP 5115 GenBank i#s &
ST R PE AT X B AT 9 5 H 9 5 mRNA S 75 77
16, AR#F7Eid RT-PCR Al DNA 5 % P Hb o \B .
J& mRNA 76 SD KR A& A 7e, BfEE S B &
M PRI A7 AE Hb o, B W5 mRNA, T IE 52 K
BN R ZR AL M A LU R AAAE Hb o B 33 A FE
ik R BN 05 P e] HEBR 5L 4 DNA
TS YA e (HIE AN RE 58 2 HERR 21 R 40 i5 G ny vl
Aet , i B3 A H A S5 9 — N Hb o B I JE
mRNA i M8 A FKR M EEE

Western blot 3 13 PLAS . ¢ 6/ 1B 22 KOG 4H 5 ik
KA HE 2 KA T 8 P Sk & e b, e R
I 2R3K B AR HE 53 B 5 i AR 58 B S (8 STRAUB

2L A Y Hb o SE T (#102758 , Abcam ) % K Bl
240 Hb 45 Hb $E47 %5 , (5 % BLSC A6 9 Hb
S F A 17 000, SHUARBE AL, i — 4R 78R
HE&H 0T E2N 17 000, Western blot 45 5223 |
FHE PUR-PUECER) AR R BRI
ZREMZW Y AT ER T Hb o WIEPE)E,
AR BRI 20 2 A A ) 2145 5 19 Hb o SIS S50,
SRR Hb XS —2 H 5241 Hb o
W34y T R4 4. STRAUB 261 K B3l i Western
blot M358 ik -G 1) Hb @ 373 , 7] -5 4t 11465 F 7
PUiR SIS A K. AR — 0 i HOE IR
FEDTE BIME AR RIE A Hb o B WL 2 1M
BTN B M, RIS HERR T 21 2R 4035 YL T REVE
WFFEIR &I Hb o B V3E K AE /D5 145 9 B 4l i v 3%
ik HALH AR A e — oY

STRAUB 25" 238 Hb o WIEAERH A7 i 451 VEC
ik, A 45 B E] VSMC H NO i & 3 A
4R ThRE . Hb ()ThaE R de e T IE4 i, A —
Hb WA EA 454 0, F1 CO, 454 A 57 NO 4§43
T AL AR IS I I RE 7, (0 R phy P A ] W7 5
R Hb DU A BAT R RE T, k¥ iaH 0,.CO,
FIEhEe . ARBFIE AR Hb o B 7B AE 1M1 45 2 41 rh 4t
[FZeik, Mg eI (ap), MWREIFH& 540
4L Hb AR RE T, Gnizki O, i 75 NO B i
EIME 4 S5 A E %, 456 Hb o B
WHEAEAL T BH T AR SR AN R 2 45 L A R 1Y
ZEI I AT LR IR Hb o B T 9545 NO
FETSOR 5 ML AE 57 4 4= D se i vl Be PEARAIG, vl RE R AT
LT IhRE : DA TIRE, [l mAE AN VSMC it ; @%
5 VEC IR 5 RN s OFF BAAEZ 4 D25
Fe iz 5101,

S AT 2B Hb o (B ETE K BRI A 41 21
ARk HAEAL T BT A SR AN [ 2 78 1 45 21 21
W FIRMBLE, B RN 4 b Hb iRk BA —
FEMREEE . ROt — N LR , - i B
Hb o B WV HETE L5 4H 41 Bk r AR 23 3 A
e, MM 42K Hb DI RENT ST 35 SLhith

S 3k

[1] GELL D A. Structure and function of haemoglobins [ J ].
Blood Cells Mol Dis, 2018, 70: 13-42. DOI. 10. 1016/].
bemd. 2017. 10. 006.

[2] GROUDINE M, WEINTRAUB H. Rous sarcoma virus
activates embryonic globin genes in chicken fibroblasts [ J].
Proc Natl Acad Sci USA, 1975, 72(11) . 4464-4468. DOI,;



http ://aammt. tmmu. edu. cn

il 45 %2 B R, 2022,44(5)

405

[10]

[11]

[12]

[13]

[14]

10. 1073/pnas. 72. 11. 4464.
CHEUNG P, PANNING B, SMILEY J R. Herpes simplex
virus immediate-early proteins ICP; and ICP, activate the
endogenous human alpha-globin gene in nonerythroid cells
[J]. J Virol, 1997, 71(3). 1784-1793. DOI: 10. 1128/
jvi. 71. 3. 1784-1793. 1997.

LIU L, ZENG M, STAMLER J S. Hemoglobin induction in
mouse macrophages| J]. Proc Natl Acad Sci USA, 1999, 96
(12): 6643-6647. DOI;10. 1073/ pnas. 96. 12. 6643.
WRIDE M A, MANSERGH F C, ADAMS S, e al.
Expression profiling and gene discovery in the mouse lens
[J]. Mol Vis, 2003, 9. 360-396.

TEZEL T H, GENG L J, LATO E B, et al. Synthesis and
secretion of hemoglobin by retinal pigment epithelium [ J].
Invest Ophthalmol Vis Sci, 2009, 50(4) : 1911-1919. DOI,;
10. 1167/1iovs. 07-1372.

BHASKARAN M, CHEN H F, CHEN Z, et al. Hemoglobin
is expressed in alveolar epithelial type II cells[ J]. Biochem
Biophys Res Commun, 2005, 333 (4). 1348-1352. DOI.
10. 1016/]. bbre. 2005. 06. 042.

NEWTON D A, RAO KM, DLUHY R A, et al. Hemoglobin
is expressed by alveolar epithelial cells[ J]. J Biol Chem,
2006, 281 (9): 5668 — 5676. DOI. 10. 1074/jbc.
M509314200.

GREK C L, NEWTON D A, SPYROPOULOS D D, es al.
Hypoxia up-regulates expression of hemoglobin in alveolar
epithelial cells[ J]. Am J Respir Cell Mol Biol, 2011, 44
(4): 439-447. DOI.10. 1165/rcmb. 2009-03070c.

DASSEN H, KAMPS R, PUNYADEERA C, et al.
Haemoglobin expression in human endometrium[ J]. Hum
Reprod, 2008, 23(3): 635-641. DOI: 10. 1093/humrep/
dem430.

PATGAONKAR M, ARANHA C, BHONDE G,

Identification and characterization of anti-microbial peptides

et al.

from rabbit vaginal fluid[ J]. Vet Immunol Immunopathol,
2011, 139(2/3/4): 176-186. DOI: 10. 1016/]. vetimm.
2010. 10. 012.

NISHI H, INAGI R, KATO H,
expressed by mesangial cells and reduces oxidant stress[ J].
J Am Soc Nephrol, 2008, 19(8): 1500-1508. DOI: 10.
1681/ASN. 2007101085.

BIAGIOLI M, PINTO M, CESSELLI D, et al. Unexpected

expression of alpha- and beta-globin in mesencephalic

et al. Hemoglobin is

dopaminergic neurons and glial cells[ J]. Proc Natl Acad Sci
USA, 2009, 106 (36). 15454 -15459. DOI. 10. 1073/
pnas. 0813216106.

STRAUB A C, LOHMAN A W, BILLAUD M,
Endothelial cell expression of haemoglobin « regulates nitric
Nature, 2012, 491(7424) . 473-477.

et al.

oxide signaling[ J].

[15]

[16]

(17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

DOI:10. 1038/ nature11626.
KOLLAU A, RUSSWURM M, NEUBAUER A,

Scavenging of nitric oxide by hemoglobin in the Tunica media

et al.

of porcine coronary arteries| J . Nitric Oxide, 2016, 54; 8-
14. DOI:10. 1016/]. niox. 2016. 01. 005.

SCHEPS K G, HASENAHUER M A, PARISI G, et al. Two
novel unstable hemoglobin variants due to in-frame deletions
of key amino acids in the B-globin chain [ J]. Eur J
Haematol, 2018, 100(6) : 529-535. DOI: 10. 1111/ejh.
13029.

CHAROENKWAN P,
CHOEYPRASERT W, et al.

NATESIRINILKUL R,
Coinheritance of hereditary
elliptocytosis and deletional hemoglobin H disease [ J]. J
Pediatr Hematol Oncol, 2017, 39(2): e69—-€70. DOI.;10.
1097/ mph. 0000000000000750.
HUANG K, GE S J, YI W, et al. Interactions of unstable
hemoglobin Rush with thalassemia and hemoglobin E result
in thalassemia intermedia[ J]. Hematology, 2019, 24(1) .
459-466. DOI.10. 1080/16078454.2019. 1621020.
TUCKER W D, ARORA Y, MAHAJAN K. Anatomy,
Blood Vessels [ M ]. Treasure Island ( FL):. StatPearls
Publishing, 2021.
TAKASE B, HIGASHIMURA Y, ASAHINA H,
( HbV )
rescues rats undergoing progressive lethal 85% hemorrhage
of an anti-arthythmogenic the
myocardium[ J ]. Artif Organs, 2021, 45 (11): 1391 -
1404. DOI:10. 1111/aor. 14033.
SIMAO A L., BORRALHO P M, STEER C J, et al.

et al.
Liposome-encapsulated hemoglobin transfusion

as a result effect on

Isolation of mitochondria from liver and extraction of total
RNA and protein; analyses of miRNA and protein expression
[J]. Methods Mol Biol, 2021, 2310. 1-15. DOI; 10.
1007/978-1-0716-1433-4_1.
YANG W, ZHU W W, YANG Y F, et al. Exosomal miR-
100-5p inhibits osteogenesis of hBMSCs and angiogenesis of
HUVECGs by suppressing the BMPR2/Smad1/5/9 signalling
pathway[ J]. Stem Cell Res Ther, 2021, 12 (1) 390.
DOI; 10. 1186/513287-021-02438-y.
ZHAO R S, SONG J, JINY Q, et al. Long noncoding RNA
HOXC-AS3 enhances the progression of cervical cancer via
activating ErbB signaling pathway[ J]. J Mol Histol, 2021,
52(5): 991-1006. DOI:10. 1007/510735-021-10007-z.
ALEGRIA-SCHAFFER A, LODGE A, VATTEM K.
Performing and optimizing Western blots with an emphasis on
chemiluminescent detection[ J]. Methods Enzymol, 2009,
463 573-599. DOI:10. 1016/S0076-6879( 09) 63033-0.
(Wr#5:2021-09-13; £ H :2021-11-02)
(it ZHE)





