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O E: BW RARERWNIESZYE (Coptidis Radix fibrous polysaccharides, CRFP) [ IUHE % YE F0 47 i e 4l
Fik WEFE CRFP W HEFRFEAELY /N AIEF, vt HE AT oy Bs alidh, A 264k P= 1 i 4l B AR o F L, A s i
WAL 53R 45758 /5, CRFP 35 FRAUHERFIAL/N R A ILRE (P<0.01), I/ R MR AR, $Rm s hE
JiR & 2 KE (P<<0.01), BB Mg 257l (P<<0.05. 0.01), $&& FFIE C B AE (hexokinase, HK) AP EREL I (pyruvate kinase,
PK) M (P<<0.01), Bt E LR (P<0.05. 0.01). CRFP £4lifk 55573 — £ # CRFP-1 Al CRFP-2, %41
JRi5r A9 24 3071311 A1 18 4051168, CRFP-1 4 o-ZUZHE, 8 FhHbE4H; CRFP-2 N B-BLZHE, H 10 P bEZE .
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Hypoglycemic activity and structure characterization of Coptis Rhizoma fibrous
polysaccharides
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Abstract: Objective To explore the hypoglycemic activity and material basis of Huanglian (Coptis Rhizoma) fibrous polysaccharides
(CRFP), a by-product of Coptis chinensis. Methods The effect of CRFP on diabetes model mice was studied and CRFP was purified.
The purity and relative molecular weight of purified product were detected, and its structure and monosaccharide composition were
analyzed. Results After eight weeks of administration, CRFP could significantly reduce blood glucose (P < 0.01), accelerate blood
glucose and lipid metabolism, increase fasting insulin level (P < 0.01), improve blood lipid disorder (P < 0.05, 0.01), increase liver
hexokinase (HK) and pyruvate kinase (PK) activities (P < 0.01), and improve oxidative stress (P < 0.05, 0.01) in diabetes model mice.
After purification, CRFP-1 and CRFP-2 with uniform components were obtained. The relative molecular weight of CRFP-1 and CRFP-
2 respectively were (24 307 £ 311) and (18 405 + 168), CRFP-1 was a-type polysaccharide, composed of eight monosaccharides;
CRFP-2 was B-type polysaccharide, composed of 10 monosaccharides. Conclusion CRFP has good hypoglycemic activity, which
lays a foundation for the deep development and improvement of utilization value of C. chinensis.
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(5.3742), it 2045 FA4iLF] 12.2% (7.83 1) B,
RE R RANE R B H R 2 IE K, 2021 15 1.4
{214, FHor 90%UL 1ok 2 BUBE PRI (type 2 diabetes
mellitus, T2DM). HHj, 8 ZMEEEZ8H T
I RIGTT T2DM, G — FEXUIN. RERS . #5143 2%,
o-HE BRI R MEMeRE RS KR AKEE TV
(dipeptidyl peptidase IV, DPP-4). #H-7j &) ¥ M i1z
B H 2 (sodium-glucose cotransporter 2, SGLT2).
JR SR FEIR-1 2 ARET RS R, (HIX S
2i 25 B B R R BB )
. WARARTE R GRS R B, B AR B
Z PR 2 W B A RO I B IR, BRIET 2
AL, SRR AL MUE 259 = e,

HIENEREHEY) ¥ Coptis chinensis Franch.
TR LS, 2O AR, %2R AR
B Pradb PR MmARSEE D1 B BEE K
Wi 3~4 4, MBCGRI KSR BE T L 5, S
HATAT AR, FEANE & 20, HEGEMRT
RAMTEAIE N2 BT DL IEZNZ KE (Coptidis
Rhizoma fibrous polysaccharides, CRFP) JXf %,
Ft. CRFP % PRI /N R 1E FH R L 5 i A
W, B aitb it 2 Mo — 2 hE, TR
Mrdtdhty, RIREEENRIAR, BIETEE N
FIRAE T SIS K .
1 #MREE%E
1.1 4

SPF iV ICR /B, A& 18~22¢, 6 /i
%, WEL T RAEEMHEAR BB AR A, K585
YIVFATES SCXK (32) 2020-0001. 4T i6
(24£2) C. 12 h GEAE A IE B 77 1
Fl, BREEUOK. shiseie g db RE K 5555
FIYMeE R R A R, Sy (202D 131,
1.2 ZAm5iHE

CRFP ARSI SR B 402 45 e bE R 7
FEAMES (It5 10237229) 18 E A E £ 5 2556
SEMTTERT: AniEah BRZAEHE (b5 O12A10K95105,
Ji B H>98% )« Bl ks (45 K28J12B135956,
R H>98%)  HEekE (b5 TS08J12G137083,
JREH>98%) AN (b5 X16N8Y48166,
JREH>98%)  FFLFE (b5 MFCD00151230,
JRESE>99%)  LILPERER (5 3962101, Ji
B >97%)  HEPEER (b5 R0O9J11H115178,
JREE>98%) « 1% (45 B21897, g /14>

98%) M H g AR A R AR ArifEamAR
B (L5 D17N9S74410, JiE 453 >99%) M H
TMstandard; 1-ZK%E-3- 1 £-5-ME MR (1-phenyl-
3-methyl-5-pyrazolone, PMP, fit*5 C11370802, Ji
B E>99%) W H FAERTHR T AR 0 A R
AT ZROB (IS H2123035). 4 (it
0114220806 #hfE — H XU (iS5 D16GS171362).
AL (LS 20190919) . LK 4 (HtS
20211014). #ifg (b5 20210517). BEEH (5
20210220). &4 (5 20210514). Wile A58 (it
5 20180223) W H E 2B A AE R A 75 5%
IRV 2 (streptozotocin, STZ, iS5 20210316) g
HIERREFEHREARAA: ERY (S
20201006) 1 B RE AL TR AR AR HEE
(5 20180605) 1 H EB i R LA R TTE 2
Al; hEe (b5 2022110902) 1 [ RGHR T RHEAL 2
i A PR W] s R A R & (i 20201029)
JE[EEE (total cholesterol, TC) #MRF& (5
20210708 ) 1= % JE G & I I [5 BF  Chigh density
lipoprotein cholesterol, HDL-C) il i7 & (L5
20210703 ). Ik % FZ JiE &5 A IH [ BF (low density
lipoprotein cholesterol, LDL-C) il i7#) & (it
20210703). =Bt Hu (triacylglycerol, TG) Hllix
A& (5 20210430). JiFE G IR (free fatty acid,
FFA) MR & (A5 202107280, L HE g
(hexokinase, HK) il & (5 20210726)
PIHARR B S (pyruvate kinase, PK) F&Mi77& (it
520220822 ) H A A B4k B (superoxide
dismutase, SOD) Faill 7 & (k5 20220827). i
FAE N (catalase, CAT) # MR 7 & (fit5
20211105) i b BE 77 (total antioxidant capacity,
T-AOC) & (#k'5 20180508) . P4
( malondialdehyde , MDA ) #& Il il 7] & (#t =
20180302) . & Bt H ki EH ALYl ( glutathione
peroxidase, GSH-Px) Il & (415 20190731)
JiE 5 AR & (RS 20210728) T H R B E K
AV TRERR TR HARG N ral.
1.3 {435

P680A AUAHEIE (B EAR AR RI-
101 BURZEPeRMEE (HA Showa Denko K.K. 2
#]); Nicolet iS5 HYA# B IH-2T Mg 14 . Multiskan FC
S K BgbRMX (32 E Thermo Fisher Scientic 2 &) );
HH-8 7 ¥ B AR IR V4 CH M B A B it A PR A


http://www.aladdin-e.com/zh_cn/catalogsearch/result/?q=89-25-8
http://www.aladdin-e.com/zh_cn/catalogsearch/result/?q=89-25-8

FED 2023F3 8 $54% B 6  Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

= 1827 »

A]D; 752 BVERAMAT WL B T (i E SRR
FRATD; SPX-250B-Z BUAEAIEFRAE (g isE
WAERAFEIT R D,

2 7k

2.1 CRFP J#ERFIER/N R AR

2.1.1 oA IERRIZAZ ICR /N ERBENL T
FEZL (10 HD). BEAIZH . —HIXUIT (200 mg/kg) 4LAN
CRFP fik. #. &5f& (100, 200, 400 mg/kg) ZH%%
13 W BRI RN 525 252058 4 dip STZ(50 mg/kg),
STHEA ip SEARRIFT AR BRI, BRxd R AL A
KT m IR IR o AN BR 2SR IR, IR A
FE B =11.1 mmol/LU3I 10 W /N FGEAT 5 £25256
EMRINE, SR ig N2, X IR RTRR Y
H ig HARRIZEWAK, 1 Rd, FELL8 .

2.1.2  AEBAEACERAEI  RIT AN, SR
] PR HEE 75 JOk A I, RS0 2 R AR o BT T /) B A
1 8h, HHEYUK, BUME 3500 r/min &.C> 15 min,
WM, Fe R S i B, A &

BITEE ARG, ANREE R 8h, 34T C1 R 4 b it
RIS (oral glucose tolerance test, OGTT). %21/
R ig WAE (2g/kg), AT 0. 0.5, 1. 1.5, 2h
R B ik NI, 00 5 I, 2 H IR AR Ak i 28,
THE 2 FTAY (area under curve, AUC) U4,

OGTT 453 24 h J&, /INRZEE 8 h, #HT R
feimf &ik3% (oral fat tolerance test, OFTT). 41
NER ig BRI (10 mL/kg) . 20 5)F 0. 1. 20 3.
4 h HEHES K B, $2 FER ) & U0 B T 8R4, A
& TG K, xiflaetb iz, +H AuCl,

e, AR EREIM, 113 3500 r/min &5-C» 15 min
B, MU e, A IS R
(fasting insulin, FINS)., TC. TG. LDL-C. HDL-C.
FFA /KF.

BN, A B EhKiEYE, e, B,
TN 9 fEARFRIZEREER K, HIE 10%273%, 2500
r/min B5.0> 10 min, HU_EJE, $a500 G000 e 2
o HK A PK & 4B U B P aE, e
SRS FATHE - SOD. CAT. T-AOC. GSH-Px i
£ K MDA & &.

2.2 CRFP BYZEHIRAE

221 CRFP Mysr&4ift. ¥ CRFP ¥ KixT 20
mmol/L WIEEIR-BEFRENSE MR (pH 4.5) 1, AT
DEAE #f-4 2 DE-52 a3l 73 55, BSIR - R B il
VEML 3 AMEARR, B USCEE, B IR - FE I 0 O s )

EW 2SR, AIFBEmE, Jy CRFP-a; SRAEH &
Imol/L NaCl ) i 1% -tk B B 2 P i e bt 3 A AAAR,
SEWE, WIENZESE, GHENE, N
CRFP-b. 73Jil#% CRFP-a Al CRFP-b i1, 60 ‘CJt
F-o 739K CREP-a Al CRFP-b Bl 10 mg/mL ¥
KW, K Sephacryl S-200 &EfR i g (i 4lifk.,
FRIBKEE, ARBUREA 1 mL/min, 28 AR
W, INEENZRESE, GIFRNE, 54
9 CRFP-1 Al CRFP-2, AT
222 ZHEAESEAAEXS 73 F s A SR E Rk
AR 1 Chigh performance molecular exclusion
chromatography, HPSEC) yAUI TN 22 HE Al B FAHXT 7
FJFifE. Shodex SUGAR KS-805 foifif: (300 mm X 8
mm); KA R Z RIS BN HoOs
AR 1 mL/min; #EiE 65 °C; #EFF & 20 L.
FEAS TR AH S 43 53 & (439329 180+ 2700 5250,
9750 13050+ 36 800) (147 HENHRTARAE & 73 79 L il
% 2 mg/mL [F7KIER, LR, DS 21 R
OB, CREEIT R HAANR, Sl bniE thZk .
4y 5% CREP-1 F1 CREP-2 7K % bk 44T
HPSEC, R el B oA FE a4l B, AR O B I [
THERE S AR 20 T
223 ZLAMGEEERE 5 HIFREC 2 mg CRFP-1
CRFP-2, AN —E AL 78 0 B BE, il sl AL
JE B AT A Bk 2r A e i U8, e ELA
500~4000 cm™'.
2.2.4 CRFP $EAH 54T  CRFP-1 fil CRFP-2 ¥
F 1R -3-H -5k ek (1-phenyl-3-methyl-5-
pyrazolone, PMP) HEFIATA AN i e EHE 2H Ao
FRELZ BEFE L 10 mg T/KAEE T, I 4 mol/L =4
T8 1 mL, 120 CHFEH/KME 2 he REENR
T, MK ER S 20mL. 2 SIFRECER AR . BTy
fEbE. ARBE. HEeHE. M. SnE, B, 2k
FUVERE IR . E R PEREIR . AZMARAE T 10 mg, PO Ak
1.0 mg/mL PRG-I, #RE Ui SR B 43 7 2.5+
5.0+ 12.0. 18.0. 25.0 pg/mL AR HURE S ARRUE
FRVEVR 0.5 mL, AN 1 mL 0.5 mol/L PMP-HEEI& R LA
% 0.5 mL 0.3 mol/L NaOH ##i, 70 ‘C7K¥#% 60 min,
AHEH U 0.5 mL 0.3 mol/L HCI ¥ A1 0.5 mL
45, "HPELIG#E 20 min, 325 T2, 20 3 X,
HUKZIE 0.45 pm JEMEEAT HPLC 0 #. (il
SHISEIDO Cjs i (250 mmX4.6 mm, 5 pm),
MBI 0.1 mol/L KH,PO4 (pH 6.8) -ZJfiF (82!
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18); AFURE 1.0 mL/min; £ 25 ‘C; #FEE 10
ul, K 245 nm. DLRHERRAE SRR E N A &,
TR A R AR &, THERRAERTZE o ARAEAE 5 25 b )
WETHIAR TS S &, I E R E L.
23 GUtESHR

K FH SPSS 26 Al origin 9.0 B AFHEAT HLdE /047
PLX £ s3Ron, @2 B ECRH Tukey .
3 #R
3.1 CRFP 3HERFIRE RIS
3.1.1 CRFP X ¥H )R /MR M. OGTT. OFTT
FINS /KFHISEM Wi 1-A Fios, @G, R4
MR 2 BT, £ CRFP 16T 2 G ML
W WE 1-B Fis, BITSR)E ig AN, %
o 25 21 I M T I TR PRI AR Ak R A — B, JAE ig 2 b

0.5 h BhA B R ME, REIED TR, 2 h J5RE.
MRG0 Bt i 28, THE &4 AUC, 5%
MBALELEE, RERZH4M AUC Y SR B 3% 72
5t (P<<0.01), P CRFP G853 Ntk bR s 1 iy
/IN BRI AR A T, AT ARG B

mE 1-C Pros, WRIT8RE, SH/NRP TG
KPS, IR R PR /)N BRI I A AR 25 46L
PRI TG HEFFERRKF, RAZ4 TG KT
ARG, B TBERREA AR, ig MlimE, %
H/NRI TG ki AEIR, ITE 2 h B IS & & E,
BEJG PR T . THE &4 TG i AUC, SR L
%, CRFP H. mfIEAN AUC ¥ EFFIK (P<
0.05. 0.01), CRFP {K&EH BHIRGHAIH T w2
ZE 5, (HORIH NEES . Kk, CRFP B8N

250
= ;‘2 ;A 451(5) b - X = B i
- e 40 f - i L, 200
T 0l | At <+ — A 235t ¥ AN P ZH 35
E 3(5) +—3 3y 4+ TCRFPI00mgkg! 230r  / = fCRFPlOOmg-kg’lg 150 BE O wk
s : CRFP200mgkg! £ 250 1/ 1+ CREP200mgkg 'S |00
g5 "« CRFP400 mgkg! & 20} « CRFP400 mgkg ' S
=] - 2
1 gh : 50
P R P —— 10 3 LS
sLE L 2 md
012342356789 0 05 10 15 20 AT BR 100200 400
o th WL CREP/(mgkg )
C C 25 D
}2 —— X _'_E\SO #HH#
T —— 1R T = 20
ElE S w2 w b = e "
210 J/ /A= T+ —+CRFP100mgkg! & 30 S 15 =
£ 8 / “e__+—+CRFP200mg'kg" § g
S 6 . !~ CRFP 400 mg-kg ™! gzo % 10 #’f
= 421 A 20 z |
ol_f 2o
0 10 20 30 40 R B 100 200 400 A B 100200 400

t/h

MK CRFP/(mg-kg™)

5% AL LR #P<<0.01;

SEAILLE: "P<<0.05
#P <0.01 vs control group; “P < 0.05

“P<0.01
*P <0.01 vs model group

WAL CRFP/(mg-kg™")

El1 CRFP X#ERFHNEEEMEE (A)» OGTT (B)» OFTT (C) H FINS KF (D) BIZME (X +5,n=10)
Fig. 1 Effect of CRFP on fasting blood glucose (A), OGTT (B), OFTT (C) and FINS (D) levels in diabetic mice (X £ s, n =10)

PRI /N B AR AR, LA VR E 1) S5 W PR s g D7
R ZHAELThEE. W 1-D Fros, S, B
A2 FINS /K FEZHFL (P<0.01); SHEA4 L
B, KA 254 FINS /KB ETHe (P<0.01), H
SR

3.1.2  CRFP X HEIR7/NRAFIE HK F1 PK &P
M Wik 1R, SRR, ALY/ R AT
JIE HK #1 PK JE PR R EFRIC (P<0.01); S
AELEE, RAAZANTIE HK 3RS EZE TS (P<
0.01), —HXUAKZAN CRFP 1. &7 &4 PK %1
BB ETHE(P<0.01), H 257 . % B CRFP
REAG Ak I HK T P&, T3 B PR I

=1

(Xts,n=10)
Table 1 Effect of CRFP on HK and PK activities in liver of

diabetic mice (X + s, n=10)

CRFP st#ERE/NEAE HK # PK 5EMEREIE

M FFE/(mg-kg") HK/(nmol'min'-mg™)) PK/(U-gh
pagit — 2.6310.12 16.06+0.32
A — 1.1240.03" 6.11+0.40%
U HBUG 200 2274023 11.30+0.56™
CRFP 100 1.63£0.04* 8.431+0.16

200 1.80+0.06* 9.68+0.21"
400 2.01+0.05* 11.5540.70"*

SxtH e #P<0.01; ST "P<<0.05

&R

#pP < 0.01 vs control group; “P < 0.05

same as below tables

*P<0.01,

**P < 0.01 vs model group,
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3.1.3 CRFP X BB SR/ R MLAG R s2m ansk 2
N, SRR, BRI NE TC. LDL-C. TG.
FFA /K RE T (P<<0.01), HDL-C 7KV &% %
ik (P<<0.01); SR LI, %4524 LDL-C. TG
FFA 7K F-H) 52 BK (P<<0.05. 0.01), HDL-C /K°F
BEFE (P<0.05. 0.01); —HXUTZLF CRFP H\
s TC /K RERK (P<0.05. 0.01),
3.1.4 CRFP XJWE R /N B AR NP AA AL 75 1R 1 5

JFWEH SOD. CAT. T-AOC 1 GSH-Px 351 i 2%
FEIK (P<<0.01), MDA /KFEZEFE (P<0.01);

BRI LR, 48 29 IS AT SOD. CAT.
T-AOC 1 GSH-Px & 1434 2. # F %51 (P<<0.05.0.01),
MDA 7K E L (P<0.01).

3.2 CRFP HIEHIFRAE

3.2.1 DE-52 & Fa#thif P2 5 CRFP & DE-52
BT B AN [ SRR B I BV, CRFP 42 20
mmol/L FERR-BEER BN G2 MR (pH 4.5) F1 1 mol/L NaCl

w3, 4 s, 5XF

HERY

Hn=

EEBE, LAY /)N BRI A1

GBI 1150 8 W, 43 St 3 i

2 CRFP sIHERF/MRMASRIFNE (X+s,n=10)
Table 2 Effect of CRFP on blood lipid in diabetic mice (X + s, n =10)

2H 51 7§ /(mgkg™) TC/mmol-L™') HDL-C/(mmol-L™!) LDL-C/(mmol-L™") TG/(mmol-L™') FFA/(mmol-L™")
oyt — 2.82+0.22 5.22+0.09 0.48+0.02 1.224+0.05 1.48+0.08
LY — 5.04+0.44% 3.31+0.16% 0.84+0.04% 3.7440.06% 3.41+0.25%
ZHXUIR 200 3.51+0.06™ 5.1840.36™ 0.524+0.05™ 1.63+0.08™ 1.71+0.14™
CRFP 100 4.10+0.21 4.64+0.29° 0.65+0.01" 2.15+0.20™ 2.25+0.10*

200 3.9940.10° 4.84+0.44™ 0.60+0.03" 2.07+0.23* 1.57+0.06™
400 3.56+0.06™ 5.414+0.33" 0.5140.04™ 1.86+0.13* 1.51+0.06™
# 3 CRFP XHERF/DMRIERSWEENEME (X£s,n=10)
Table 3 Effect of CRFP on antioxidant activities in serum of diabetic mice (X £ s, n =10)

2H 5 FE/(mg'kg) SOD/(UmL™') CAT/(U-mL') T-AOC/(UmL") MDA/(nmol'mL") GSH-Px/(U-mL™)
pagil — 203.22+4.01  143.96%+6.56 6.0010.16 2.21+0.30 671.01+17.81
LAY — 144.81+3.48"  68.67+4.18% 3.91+0.27% 6.251+0.34% 452.17+14.26%
ZHUIR 200 190.92+2.92**  130.96+7.80"  5.50+0.20** 3.604+0.15™ 636.23+36.46™
CRFP 100 175.60+£331*  10429+5.16"  5.74+0.35™ 4.62+0.36™ 654.04+32.57"

200 177.74+£338"  117.86+7.00"  5.43+0.27" 426+021* 628.99+23.69™

400 185.43+2.48™ 117.83+3.82"  6.08+0.18™ 3.784+0.17" 618.48+11.09**
# 4 CRFP MHERF/DNRIFIMELFENENE (X5, n=10)

Table 4 Effect of CRFP on antioxidant activities in liver of diabetic mice (X + s, n =10)

25 FlE/(mgkg!) SOD/(Umg') CAT/(Umg') T-AOC/(U-mg') MDA/(nmol'mg!) GSH-Px/(U-mg™)
pagil — 110.824+1.80  278.0946.62 0.8140.02 0.494+0.04 991.95420.01
A — 72.98+1.63"  172.63+6.98% 0.48+0.02# 1.5140.02% 625.52+10.44%
L HUAR 200 104.43+3.30™  260.07+7.75" 0.78+0.06™ 0.800.04** 810.19424.55*
CRFP 100 89.45+3.58*  211.40+14.62"  0.70%+0.04™ 0.95+0.09** 846.27453.54*

200 97.11+£5.39"™  226.624+13.02**  0.72+0.03* 0.8240.04** 812.25420.23*
400 102.44+5.13"  266.324+18.74"  0.76+0.03* 0.68+0.01** 805.04+17.39*
A B

0 5 16 l‘5 2‘0 MZ“§ 3l0 3I5 4lO 4.5 0 5 lIO 1.5 2.0 kk2j§ 3IO 3IS 4;0 AILS

2 CRFPDE-52 HAc-NaAc ZMRERREIZ (A) Fah

(ERA

ERREZ (B)

Fig. 2 DE-52 elution curve of CRFP with HAc-NaAc buffer (A) and salt solution (B)
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(PIGEME, BEDT, 60 CHET. 4331 CRFP-a Al CRFP-b,
B A M i A5 2650 il 28.25% 11 53.17%
3.2.2 Sephacryl S-200 AtfiRiLyEtaiE CRFP-a Al
CRFP-b 73714 Sephacryl S-200 43F-fifidt—b 4tk
JE YR E B —Pe g (B 3D, 20 SRS N R e A
W, R, 4 hldr 48 CRFP-1 F1 CRFP-2, &t
JRE 1ot i i P45 28 43 il R 82.39% A1 78.65%

3.2.3 CRFP-1 il CRFP-2 4l fIAHR /> 7R &1

A

0 5 10 15 20 25 30 35 40 45 50 55
EH

il CRFP-1 Il CRFP-2 4730 A~ 2546 M 15
JE X RRIGE, T Eor A 99.86% 41 99.58%,
BN —H oy 2k (- 4). 43 TeREETARAE S AR 2>
FEXEUE (gMp) 5ORFANTE () BAAZMELR,
R2=0.996, £ 7N y=—0.5879x+12.531. =R
ARSI CRFP-1 [ tr N (9.953+0.006) min. CRFP-2
) tr N (10.02440.002) min, HRAELEMETFERIGHTG
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Fig. 3 S-200 elution curve of CRFP-a (A) and CRFP-b (B)
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Fig. 4 High performance liquid chromatogram of CRFP-1 (A) and CRFP-2 (B)
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Fig. 5 Infrared scanning spectrum of CRFP-1 (A) and CRFP-2 (B)
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