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o VLG R D i 22 S5 B PR BT 5 Hb 254 1 SE R PRt 2
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1.1 548

Tensor37 f& H it 48 4 21 4) S 3% 4 (Bruker, £ &),
U-3010 54 644X CH 57, A AS), JY600C ALIKAX CE & . db
7. &% % B 0 L (Hettich Mikro. f#[®). 8000-
14000 iEMT4E (R K FE, L5 .
1.2 MRS ER#H
1.2.1 #A

il #1398 B 28 B e AR Ay (R BRE 1 21~ 80 & i A3t 232 44,
B RBUG s HLR B 5 47 10 35 4 T 78 7 % Ak, I B 4y IR 43 R
AR BRSO WO R RIAY S 4 A, Al a d 21~35
% 63 N 31 N, 32 A), b4l 36~50 % 60 ACH 31 A,
729 N). ¢4 51~65 % 58 A(H 30 A, %028 A). d 4 66
~80 % 51 A(5H 25 A, & 26 A,
1.2.2 #HAKR%LEL Hb# &4 &

IR R 2 /DEE 8 h, IO RSP # K il T EDTA-
K2 HisEE . T 12 h ) 2 mL 4B & T AR 3R K SR % )5 3
000 r « min ' B0 10 min, B )2 M3 K& RIGEEZ A0,
HIL 3 W, MZEWKT 4 CrkMEMEL 12 h, 4 °C 12 000 r
min~ ' B0 45 min, B EJE Hb T G-75 % R0 5 K2 bt
Al Hb, W45 f5 5 P99 I e B K i vk (SDS-PAGE) % 3¢
Hb 41k 952 Lh b # 44t Hb BEFE 5 T 858 8%
WHR 75— VR T4 05 T FTIR JER5 s
1.3 MLk 5 HiEaE

PL 2 mL 25 B F KA B 100 pd R8I0 Hb BB &, 550
TP AT 5 E S 190~800 nm, #F B £0. 1 nm, i
WATH T = AH#M 55 2, S MEAT WA 3K, B
HA{E EE

Hb ¥ K 5 KBr # K LR & H 8C5E s 205061 3R
FAZ S H DTGS £ 2% . HHEE Dy 4 000~400 cm ™',
EE AR 64 W, AR EN 4 om™ ', B 25 C, WA
HITE 25 % LR . AT A4l KBr 8 A 1E2s O &, #17 /KK
5 CO, Bt iE, BE 3R, BHMHEENE.
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e (] B AR ARLEE o X £ AP B TR AE IR R Amide [ (1 700~
1600 e D FFAT B S ECHNE Bk LB AL IR, MR S
B A0 25 4 AU T 135 B 45 6 Peak Fit 4. 0 B FX Amide T
A AT Gaussian MIZR 1 & 4L FE, 3545 Hb Amide T 7 %5
LR 8. 0 SAS 9. 4 BRI FEAT BT # 3BT, p<<0.05 A
Gt E L

2 #RH1HE

2.1 Hb 250U S i & B IR W 5 A

WA 4 4 Hb 85061 & 1 Ha, by oo d JiiRw. 4 41
Hb 550G 0935 TE A8 R, Wk 7 F & AH W) . 4 41 Hb F34
SEHMGIETE 190~800 nm YL H A 5 MR Mg, WAz
fEF 274, 346, 414, 540 1 576 nm &b, WE 2 FFR, Hp
274 nm A AR WO Hb 19 SR (0 IR M A TN R Bk Ak
B e i ko R U 56 AT 7 A iR A IIFSE R BT Hb fE4L T
SRR & PO A gAY, FTRER B S R AW &k
T, SEEAUEN T FHEEAILMRKLERETHR
ST AT nm Ao R 0 R o 2T 36 M R ER Y R A I i 0
540 FI 576 nm Ak iy W W04 45 1 s T4 A I 203 B (HBO,) Y
o A B WL g . KB Hb 9 #54RE /0 . B4R 41 Hb
SHMIE 5 AR A0 1 - RO FE A UL AR 1, A5 AE i 4 AH
Xof o AR IE D4 AR 11 W% o BE (L 1Y 25 S TR B T 3 L (p=>0. 05),
A 1 BB E FR K Hb 256 A S R WA,
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Fig. 1

UV-Visble absorption spectra of Hb
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Fig. 2 Representative UV-Visble absorption

spectra of Hb sample
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Table 1 Mean values and standard deviations of UV-Visble absorption spectra of Hb
Absorbance
Group

274 344 414 540 576
a 0.051 640.008 2 0.041 440. 006 7 0.185 640.032 4 0. 020 940.003 7 0.021 840.004 0
b 0.052 24+0.008 7 0.041 940. 007 0 0.187 540.033 0 0.021 14+0.003 8 0.022 140.004 2
c 0.052 14+0.008 8 0.041 840.007 1 0.186 540.033 4 0.021 14+0.003 9 0.022 040.004 2
d 0.051 440.008 4 0.041 340.006 8 0.184 540.032 7 0. 020 84+0.003 7 0.021 740.004 1

2.2 Hb FTIR i B H IR WA

141 Hb FTIR V#5838 &l 3 BrR . 25 3R 0E . 4
AR — LA BR 9L 30 1 22 . #K13 Hb FTIR 215 Bt . a.
by ¢y d S AMCERM 4 4 Hb S 25635 5 7% 45 20 6] +H 5 R s i
B A A E AR, AR . @ QC Gt # e nl L4
M6 A] A 22 50 XY 63 R AR (LS S 100 B, 336 BH S 3% J2 58
Sr—FER . {H R R — B, S [ SR U D A5 A o 3
14 il T S B 5% 25 A DO 0 S B AR s U L MR
Hb 415 82056 1% A0 AL BE R AT S B AS [m] 8 BE LY Hb
FEAY FTIR St 0 & A0 W . [ AE & 4141 N Hb B & R
FTIR S 3 #H B )3 45 S5 1A [ 57 3 06 3% 4R 0 3 45 21 3% 2,
AR IE AL N AN ALY Hb SB35 AR BLEE #2811 95 % DA b, Sk
] 1) A0 A3 25 S T R o R RO AR R 25 HE RN . BB
WA ] — 45 i 21 1 4 8 BN Hb FTIR 3% al R 2 A [ 64 .
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Fig. 3 FTIR spectra of Hb
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Table 2 The spectral similarity of Hb
o eI %

ZH 7, -~ N -

' 4L Pk 41w He e
avs b=97.2
a =>96 awvs ¢c=97.5
avs d=096.2
bvs c=96.5
b 9% buvs d=96.7
=>96 cvs d=96.6
d >95 d vs a=96.2

AL bR A I A . ZRAT R AR RN Hb FTIR JG & an & 4

FRR s TEWFTEHE B I BT AR Sy i e X OO0 3% BEAT LA AT
fdEE A Hb FTIR S F 2 i Amide [ X. Amide [[ X.
Amide X . Amide IV X . Amide VX . Amide VX . Amide
WIX . Amide A X, Amide B [X JU4> Amide & %1 0% i 47 20
Ao TE 4 000~400 em ' AT MG BRI 3 £ A 13 4
FHAE WO, IR WSS A LB N 8 Ik 3.

35
20
<
o
©°

1541.054

3303913

Absorbance

2962.528
622.9794
538.1154

3066.679
2875.735

4000 3500 3000 2500 2000 1500 1000 500
Wave numbers/cm’™!

B4 MmMIOTEH FTIR g
Fig. 4 Representative FTIR spectra of Hb
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Table 3  General band assignment of FTIR spectra of 4 groups Hb

WA/ em ™! W e U
3304  PEBE A N—H 454k 3h
3067  MERE BAF. N—H Zf
2963 —CHs B XHFR 81 45 9k 30
2 876 CH; % FR 1 45 4% 50
1 655 Pk Jie 147 (80 % =0 g4, 10%N—H 25,
10% C—N 45 ¥ 3h)
1541 Tk e 1147 (60 % N—H 25 il , 40 % C—N {45 4% )
1454 CH: & il
1 396 CH; %I Fr fif 47 4i )y
1312 [l
1 244 Bk Jie 111 i
1165 CO—0—C X B 10 45 9= 3l

1111 C—O % 4R 3h
932 C—C=N {145 ¥ 5

2.3 Hb FTIR 33 Amide [ #4547
2.3.1 Hb FTIR %3 Amide [ #F 5 # & 3 F4% 350

4 #H Hb ByF-1 FTIR J6i% Amide T #5009 Z i S 500G
WE S Frx . Hb 1 Amide [ a7 Rk Wiy, Hxt Hb
W) 54 AR A T A3 B, R R U W Hb i g 245 4 i A8
FIFRE GG A 22 7 . Amide 17 7€ FTIR S8 i % W AH B &
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BTN TEE . H O L1 AN i RO BEAT T 5 b L) B
Amide |7 FP 8 F M 0008, AT W E B RATY
fRE . 4 DAE WL L N A5 R Al D (R AT [RDOE TS Amide [ 37
T B 25 R L 4. AL R AN 4L E)DE I QC
BRI T 99 % . H iR 22 5 i TR 2 i
FRAHT . UL 4 41 Hb FTIR SE35#Y — K-S 8ok 2 40 17 1 .

Absorbance

1700 1680 1 660 1 640 1620 1 600
Wave numbers/cm’

BS5 4AMAEHBR | T M ISEIE
Fig. 5 Secondary derivative spectra of Amide | bands of Hb

4 NAFEAEE T ZMNSEILRIS
B {E AR E TR E
Table 4 The mean values and standard deviations of wavenum-
bers of the Amide | bands and spectral similarities

of thesecondary-derivative of Hb

G P i T i eI T 7 — B 3 2500 A L/ %%
srou X » N o
P R 4L L8 4L L8
awvs b=99.9
a 1611.740.2, 1691.24+0.3 =>99 avs c=99.5
avs d=99.6
bus c=99.7
.6+0.4, . 240. 0¢
b 1611.640.4, 1691.2+0.04 =99 bos d=99. 8
¢ 1611.640.2, 1691.3+£0.5 >99 covs d=99.9
d 1611.54+0.3,1691.3+0.8 >99 dvs a=99.6

g e Hb — B 5 Kol KO B L B AU e 6 B
N Hoh TR O e . R A B Dy IE g, R
W25 2 ARG Y W07 5 B S B0 g i — B Hb B S 40E
A E R E BTG A 114 70, T AT IR 45 R Lk
5[7~13]o
2.3.2 Hb FTIR 3% Amide | F# AL M4 F M

FTIR &7 LU T %€ 4k 20 7 ) 09 46 4 &5 4 7T DL 3k —
BT R IR A A . A peakdit 4. 0 P B 2 LA Y
T EME RS Amide T B T W15, Wi, e AR5, [
B A] A4 B N Hb Amide T A9 45 418G, Hb
SFRLLAMERE Amide | X IR G R EIBE LA 7, N EE
TKUCR SR SR, . AR, B & T, 45 E Am-
ide T4 B B S BOM £ B BFORIE /T8 200 T 0 DB 45 R .
Xt Hb Z g 254 B A7 il &40l A 2 55, 5 5# Hb Amide
Lapss — e &t A R ILaR 6, N Hb i) 94
F 55 ik AR PP AR U o R B4 L BHe M. TG i
UL Hb 19 Amide T 97 Z 9852 L o B8 R E I ER

TE L
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Fig. 6
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(a): ZBr S80%; (b LHHBE
Secondary-derivative and deconvolution spectra
of Amide | bands of Hb

(a): Secondary derivative; (b): Deconvolution
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Table 5 General band assignment of secondary-derivative
spectra of Amide | bands of Hb
WAL/ cm ™! T AR
1609~1 621 Or Tl AT BT &
1622~1 636 SrFNBITE
1637~1 645 TR it
1646~1 657 o BE C=0 4Rz
1658~1 667 R SR IR e 45 4
1668~1 682 B i
1 683~1 695 Jr FTAT I
8
z
g
8
<

1700 1 680 1 660 1640 1620 1600

Wave numbers/cm’’

7 MLEH Amide | 752 ilE EE
Fig. 7 Gaussian fitting of Amide | band of Hb
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Table 6 Percentage of secondary structure of Hb KBGO ERE LAY Hb S48 a] JLZ ROk 1% . FTIR )6
TREER o IBEE/ N RITE/ N M/ MM/ % WEAZERE R LW, 4307045 1 Hb 5 4h w0 o3
E 43.7 25.0 18.9 12.4 FTIR &8 1) 3 3% 5 4 4F . FTIR Y6 1% 19 45 4F W% i 47 Amide

T3 ) SR 45K A0 B7 % BLAEFE L Hb Amide T 451 11 47
W T A ML AR e AR DL oI R E . R
3 45 8 BE 2 L BF ST 4R 40 T N Hb BOAE G158
Biat: )R R 25 3D T EIAL R AN Ak BE T TR 4
Ko W75 2 4 BN Hb ) 4 50 07 LW 0O 3 A FTIR o ARBFS PO R BHA R S8
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UV-Visible Absorption Spectra and FTIR of Hemoglobin of Healthy
People and It Spectroscopic Analysis
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Abstract This study focused on the UV-Visible absorption spectra and the Fourier-infrared spectroscopy of hemoglobin (Hb) in
healthy humans and analyzed its spectral characteristics to obtain the UV-Visible absorption spectrum and FTIR of solid Hb with
a stable structure in healthy humans. The 21 ~ 80-year-old subjects were divided into 4 groupstocollect blood samples.
Hemoglobin was purified by G-75 glucan after centrifugation, Structure-stable Hb solids were obtained by the f{reeze-drying
method, and Hb of four groups were determined Ultraviolet-visible absorption spectroscopy and FTIR spectroscopy. QC
comparative analysis, full-spectral characterization and secondary structure analysiswere used to obtain the UV and FTIR spectra
of healthy human Hb. The analysis showed that the Hb UV-visible absorption spectra and FTIR spectra were the same between
the four groups. The matching between the QC and the FTIR spectra was as high as 95%. The UV spectra of all the samples
had five characteristic absorption peaks, and the absorption peaks absorbance and wavelength of the position were same. The

FTIR spectrum had 13 characteristic absorption peaks, and the absorbance and wave number of the position of the absorption
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peak between different samples were same; preliminary analysis of Hb ultraviolet absorption spectrum showed that healthy
human Hb had the same tertiary structure. The characteristic absorption band of FTIR spectrum Amide | band had second
derivative spectrum matching degree of up to 99% , and its secondary structure was composed of 11 sub-peaks, and the composi-
tion was mainly a-helix. The UV-Vis absorption spectroscopy and FTIR spectroscopy of the structurally stable solid human Hb
were obtained. The spectroscopy and structural characteristics of Hb were obtained through preliminary analysis, which was

helpful to study related diseases.

Keywords Healthy people; Hemoglobin; UV spectrum; FTIR; Standard spectrum
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