5 ikE REPOATS

ZHNB[EKSEGILENEFHRS FERERAREER

il

#ON, REE RER, BEHK, EEH
(B K ML TR LT AT bR IR SEBE 2 BT AR 5/ S O S MR T, IR

5 266071)

HE: KLRA AN BIRA R E Skt B A FEEG ST RN TR R FER G S
T &5 7% 685.77 kDa #= 408.33 kDa). i@ it BF 70 M #F F A 75 9% 69 Mark-Houwink 4§48, AR ) 3
AR, BHT B A FEROS>TH L ERKSTENK, FRERKRS TR MEE, ZIR K
wM; BT ENE, FERS TAYRMKEK, WEANTALKE SR RSN, ZIF
Rteg e A E, ESaTEMER, FERSTENEANEKAME. EFTEKRSTENHE M, T
R FHGR MR ER, FTERS> FOHRMAREMTAHFRNHEREADRLTAEZRLNEA,
Hx-Bfo B FERSTFHEANEHRAGTSEE, FERO>TEFRAET FERO A RBESF A
W E AR L A AR Ko, RIS T B A BT EH AT AR IR S 4R

E., k& F T A Fdogmm.

KR FHEI SAMNBRARRSEEE 2 TF;, A%

FESES: 0631 X RKFRIRED: A
DOI: 10.11759/hykx20210208007

R SR D 2T T B R — o B B & T N
BRI TEZHE, | 3-B-D-2EELHEFI 4-0-D-F: FLBHEL
4-3, 6-Pfik-o-D- FLUBH S B E Y A 2tk 21
HR GG R R B AE W A OTHI AL, R 3247
FUAT LR A, 05k B p-B L A AR -
A0 BT E-RUAN n-B, Hirp A BN i
NI, RRURAE I —FREE AL . R . K
B, KR BRI Z 0 T . B2 gy
Y44

g3 F i AT F 5 3 A R 3 AR R RN T
HREA BB W, RPLRIEN —F KRR T2
Wi, Hor 78 Oy i3 A 52 B 2R R S,
W JFORL A R A RIS 1], R T A, §
$7IE A3 58 F1 43 12 43 A AN A M 0 I E — 26 m
T Bl o — g i R ME, PR AR O B R 1Y 4
0L a0 15 ) AR A S B0 - o =L 7/ DN
I3 FRUR R 5 50 F 25900 53 F et TR 0 FLAE )
T PE RN T g HLAA AR K, v SR e G b R B
88 M AU, (H R BT R O T R B
TSR RIHGE . BERGE % (3 (GPC), PRSI HE
FH (515 (SEC), & —Fh (i FHRRIR (AT . #e BRI

TEHE: 1000-3096(2021)11-0125-07

RAF RN ERR G E W5 Wm0 50
IS ER . GPC TR, Henfh ik o A
BTN AT RS AR RS TREWER
(43 A e U8 A ATk, Bl R AR AL, Ok
Z W) Se R B AR Bk T GPC/SEC &4, i,
JEHCH RN 2% . ZEERTINAS . R 2 PTORRIg A
A AT 22 A I BB, A — AN IR AR T LS
KFHHTFEM, . My. M), 5 FRESM. T
TR (R« IR ER (R - FRPERGEE ([n])
I3 F I WM DA R S R AS [R) 21 03 i A R {5 B

Wk H 9: 2021-02-08; & 18] H 1B1: 2021-05-12

BT H: EEAARATERESIUH (50803030); H [E 4 5 RR2A
4T H (20100471495, 201104581); 1A A ARB 2R 4 1w Fi H
(ZR2020ME061); 2L A4 LT 4 Y 5 4 245 95 2 E 5 3 A 5
B (F B R2F)I 4 (ZFZ201810, ZKT17)

[Foundation: Natural Science Foundation of China, No0.50803030; Post-
doctoral Science Special Foundation of China, No. 201000471495, No.
201104581; Natural Science Foundation of Shandong Province, No.
ZR2020MEO061; State Key Laboratory of Bio-Fibers and Eco-Textiles of
Qingdao University, No. ZFZ201810, No. ZKT17]

TEE R #AR01994—), BLATRAE, FEMNFBELS 4N ITR,
E-mail: hanjic0394@163.com; ## K ik (1973—), HIE1EH, MG
0532-85950962, E-mail: xuezhixin@qdu.edu.cn; X FEF(1962—), il
{5, HLiE: 0532-85955069, E-mail: xyz@qdu.edu.cn

Marine Sciences / Vol. 45, No. 11 /2021 125



HEIRkE REPOATS

AN Tl 8 22 18] AT DAAH b 78 DA 3K B0 5 43 74 & R
4 T Y ZRAE 5 A

A, FRATAE FH = A I B (R 22 P A I A%
WG CHIUR ARSI 25 . 6 BEAS I 25 ) I FH B 1S 18 0 (3%
(TDA-GPO)XIARHE R ML - YR -F R Hr S 114 43
T8 DA TR R i W R 0 4y TR b A T K A iy,
TR PR Mark-Houwink [ 26545 2] 45 Hr ke
S FHIMEER.
1 SERARRFE
1.1 BB 5RXA

- USRS (1 280 W) A M T B e Sl A R 2
A, WARPLR (R S SO T8k E MSC A H], SEg AR
Ltk Atk . AEIREN (S M4l e T 25 5 A Ak 2717
AMRA T REAA CIRARFE(PEO-19K) M # AR AL
(DEX-73K)I4 T3 [E Malvern /2 7] o 2546 #i56 FH Ve e
3% {Y (TDA-GPC, #:[E Malvern 23 #)), HAIEE .
TRZEYTCREINER | 85 BRI DL K ARG I 28
{3 Malvern Viscotek A6000M FAR EREE, Wiz
4 0.1 mol/L NaNO; &, Tt 4 0.7 mL/min,
FHE AR Malvern OminSECS. 12, A< S22 Fa i FH 25
4li7K (18.25 MQ-cm).

1.2 #Hfl&

W PR RE S FE MR T 60 TR 3 h, HERRAK
TG T 0.1 mol/L NaNO; ¥k 95 ‘C F g Stk
24 h RBRPLB I, b - BRI 7 v o R vk
&R 2 mg/mL, R R P OT RS A 1 mg/mL.
1.3 KEF ik

FHARERE 5 PEO-24K Fll DEX-T3K #ERE, 45 5E %&
o DU A2 5 BOE R S BRI 0.22 pm (19Je
T ukskid g, MEWVEAT GPC M, FEEEE N 100 pL,
MR S 40°C,
14 B HE
141 ZTFEM,). FtieHEEdndce)

M ARPEAES B e 13, THE AR

My = s (1)
K g-c-(dn/dc)

A, My, BT INRE S E 5y Tt Avs OGCHURHE
ST Kps A GHUHAS I &8 A A2 5 5L ¢ S il
FES R dn/de A FTINRR 5 PTG HE BbE vk
FEvE W] A s 22 A DA A A

KRI
Ay - [e(V)dr’
A, Ko A7s 200G 28 SR 5 Ar R 22
P55 W TR o o PIr DN RE Sl Vs VR VR EE S Vol BRI
I3 P AR
142 FHRE( ). WEIELER®R). BITE
AR RH)NITE
TR FERE S GPC IR, RE S VA R Y Bh
A LIARYE Solomon! /%5 iy 8 i Ak T F b AT
1/2
2 —In +1
[77]:[ (7751’ (cﬂsl’ ))J i 3)
Kb, HEHCEERE g, B RE SR IN 2RI 155 ¢ R il
VS TR VR T
Ry B3R A R0
[3m n
B = o @
Ao, MR BT IAE R 21 Na R BTARAAE 2 48
R, A A RO
1/3
R, :%[[U]TMJ ’ ®)
2, MR FTIIRE & )5 F o F=2.86x107"(1-2.63e+
2.86¢%), Hh e=(20-1)/3,
2 HREW®
2.1 FHEHBRAHRRNEEERERASKTH
GPC (a3 AR SR LR A AR 53— 8 AR g 2
PR TSRS, MARFIH i 25 5 o TR o3
FRDMIIZESR, R 3F4 Bk A SR AR
(AT FLL L 2 PRI, 2 T bR b DA € e g e e, B
FRAARRS T /N AL 1 AT AR Y, PERRSS AR i
i RRPERREE R ) 2R AR SR Y B SR
Bl (R P AR B I AR, X5 GPC ik Al
TR A — 30 X T PR AR et a0 38 Tie e
R, TER/MA BT B, BIXTR TR or 148
KA o3 B B LB T B A REU 388 I e i R
TERRAR BB RTRBT B, BI-RALorF RN o 2=
B B B D — PR LA a3, 33X 0l TR A
AR PRGN . R, BIRIYE LR A A
ST RN, XESRAEN AR/ NFZERT 10 nm,
AREAG ) —ANEHONER R Ry BUE . R, 7ERFhZSR
RHRCFE S N F e BB, R, ITZTEik S GPC
B A I R 2 — 2

dn/dc = )

126 MEERLSE /2021 4F /55 45 % /4 119



HEIRkE REPOATS

PRERIARmL
(a) k-AI-RAAE

K1
Fig. 1

Pl 2 D9 PR B R LI bty 1 1 9 B0 o A
HHER w3t il S-S NS s R = A VR i S )

1.0 //,,.f 1.6
— rRRs g |

0.8 - <
— TR {12
= 061 11.0
#E 108
& .
& 04+ 106
104
02+
402
M, M, M,
0.0 : ! . ! : 0.0
0 1000 000 2000 000 3000 000
4 F&/Da
(a) k-TI-RHLfE
&l 2
Fig. 2

1 AT AR R RS Y SR
TDA-GPC I Z5%: - B RPN B -RPLIE Y 43
0910 685.77 kDa Fi1 408.33 kDa, «-28 - Hii i 4
FRPEE B T R PR . TR (M) S5
F i (M)W A A R P B o3 F 1504, k- -7
R 73 F B i iR, #ORT 20 RIS
BT THEN Ry KT Ry MM, WA SRR AL (1Y
R, Il Ry AT 41X — 45, - AR R AY Ry (42.28 nm)
Fl Ry (66.05 nm) KT AU RFIIEH Ry (31.48 nm)Fl
Ry (54.41 nm). dn/de Frn o T H IR Bkl

Marine Sciences / Vol. 45, No. 11 /2021

Log

|
14 16 18 20

4.0 '

R ARYmL
(b) -H-RHLHE

RRLEA WY 53 F 5 (M) . FEVEREEE (n]) WA ) 2 2B A2 (Ry) R4 J5 T i 1 A28 (R BE IR B AR B 1 A2 A it 26
Variation curves of molecular weight (M,,), intrinsic viscosity ([#]), hydrodynamic radius (R},) and radius of gyration
(R,) of carrageenan dilute solution with retention volume

SRR U, IR PIETE 30~3 800 kDa, %
RPIETE 20~330 kDa Z [A1# A 2347 -

10+ /,,,"* 14

sl — nTEBG |

- / — BTREUMMIME ||
0.6 dog X
=
0.4 190 %

J04

02}
H02
M, | M, | M,
0.0 : : : : 0.0
0 1 000 000 2000 000 3000 000
4 F&/Da
(b) TR

RS TR B S IR 5345 2%

Integral and differential distribution curves of molecular weight of carrageenan

W B 3G, R — N — s o R
P50 Y [ 2= 28, S PRy s AR
WG SETC O . 7 TR IR b v A v 5 1 15 0
, LIl TDA-GPC M ITHE H dn/de ROBUE ., AR
S, AR R WRIR R dr/de 43R
0.114 mL/g F1 0.127 mL/g, o] FFARHAME, KA
TR RPN, RRR W T2 KNS
H 2 M A s v DL K g5 24 BB B VT B R,
LM 7 8 0 2 R RS B 4 F 1 S S RO R B 1 4
W oA B A B A

127



HEIRkE REPOATS

R BTRER. VBEFRRYIES M TDA-GPC iTHER
Tab.1 TDA-GPC calculation results of physical parameters of k-type carrageenan and 1-type carrageenan
24
#ﬁl 1 1
M,, (kDa) M, (kDa) M, | M, [#1/(dL-g™) Rp/nm Ry/nm dn/dc/(mL-g )
K-R R 685.77 334.88 2.05 8.24 42.28 66.05 0.114
- R 408.33 193.55 2.11 5.93 31.48 54.41 0.127
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Determination of carrageenan molecular weight and dilute
solution conformation by tri-detector array gel permeation
chromatography

HAN Jie, ZHAO Zhi-hui, LIN Yu-feng, XUE Zhi-xin, XIA Yan-zhi

(College of Chemistry and Chemical Engineering, Institute of Marine Biobased Materials, State Key
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Abstract: This study determined the molecular weights of k-type and 1-type carrageenan by triple detector array for
gel permeation chromatography (the molecular weights of k-type and 1-type carrageenan were 685.77 kDa and
408.33 kDa, respectively). The molecular conformation of x-type and 1-type carrageenan was obtained by studying
the Mark—Houwink index and hydrodynamic diameter of the two kinds of carrageenan. In the low molecular weight
stage, the chain of carrageenan is rigid and presents a rigid rod structure. In the middle molecular weight stage, the
rigidity of the carrageenan chain is reduced, and the conformation is between the random coil and the rigid rod-like
structure, further presenting a semi-rigid extended structure. At the high molecular weight stage, carrageenan
molecules exhibit a random linear conformation. With the increase of molecular weight of carrageenan, the rigidity
of the carrageenan molecular chain decreases gradually, and the carrageenan molecular chain changes from a rigid
rod structure to a semi-rigid extended structure and finally to a flexible random coil. In fact, the k-type and 1-type
carrageenan molecular chains show a similar trend. The molecular weight and molecular conformation of carra-
geenan play a crucial role in analyzing the mechanism of action of carrageenan, which can greatly promote the ap-

plications of carrageenan in industrial production.
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