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Effects of different acid hydrolysis on structural features and

bioactivities of Laminaria japonica polysaccharides

HONG Chengzhi, ZHA Xuegiang, LI Xueying
(School of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China)

Abstract: The present work aims to decrease the molecular weight and expand the utilization of a Laminaria
japonica polysaccharide I.JP61A. The trifluoroacetic acid(TFA) and hydrochloric acid(HCI) were employed
to degrade LLJP61A, and two degradation products, DLJP-1 and DLJP-2, were generated. Based on this, the
changes of the molecular weight, solubility, chemical composition, and triple-helix structure of LJP61A after
degradation were determined. Additionally, the oxidized low density lipoprotein (Ox-LLDL)-induced macro-
phage foam cell formation was used as the experimental model, and the inhibitory effects of the degradation
products on macrophage foam cell formation were clarified at the cellular level. The results revealed that both
TFA and HCI at low concentrations could degrade I.JP61A effectively with lower molecular weights and high-
er solubilities. Meanwhile, neither degradation altered the primary functional groups and monosaccharide
composition of LJP61A. Moreover, the triple-helix structure of I.JP61A remained unaffected by TFA hydrol-
ysis, whereas no triple-helix structure was detected in HCI hydrolysates. At the cellular level, it was demon-
strated that the degradation products were nontoxic to RAW 264. 7 cells, and the inhibitory effects of LJP61A
on macrophage foam cell formation increased significantly after TFA hydrolysis. However, the HCI hydroly-
sis decreased the activity of .JP61A. In conclusion, this research offers a strategy for the performance optimi-
zation and activity improvement of [.JP61A and provides a theoretical basis for the degradation and develop-

ment of natural bioactive polysaccharides.
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i, PCl 1 mg/mL YRS 24 0. 22 pm
TKAHVE I U8 f5 B 20 pL 98K A HPLC, faii
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B OMHE.1 027 em™ A PR sh g X} . C—O—C
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Fi R €2 35 0 g ARG EE , LTP61A \DLJP-1,DLJP-
2 ¥ by A OB H OB, b ZUOME 4L . I
LIP61A = F R EE/R L 1,85 ¢ 1,00 # 2. 92,
XA AL 5T 45 5 — % DLIP-1 Fi DLJP-
2 = H R EE R LA 1,87 ¢+ 1,00 = 2. 88 FlI
1.79 ¢ 1.00 = 2. 87, 3X 1] fig /2 th TR i ok At v 35
Oy BB R AR T B (HR HARE R AN B 2 1
W] TFA Ffig A HCL FEfR 028 T LIP61A 58
WEA
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ZWER i A A LI R A # D el o 5
(Y E A2 B0 22 ] Ao L B A e 1 4 T O &R
ZRIERAT I . 2RO RO IR SS ) BT
R PR 2 I AR B 5 A e TR — BRE 2
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Y NPRARESE S =B R ARG
BT o AR EEAR TR 220 (9 MR L0598 25 A 0 10 e
RESMRMCB A 22 AR P . 1 NaOH 278
SRZ 1) — R 45 A » R TR A YA T4 me R B
Pl d o 20 MR 200 A P
NaOH #¢ B » 4 58 H fg KM AR A A% B » n]
AT Z2 B P 75 5 A — IR EA 4

LIP61A BRI ™ W) () =12 fe 4 ¥ 7 dr
mE 6 fis.

5200 BB

£ ——LIP61A

£ 510f, —+-DLJP-1

lld

= —v DLJP-2

= 3007 o KBTK

= =

X 490f - Y ,

I8 e ,:‘ ) v
480r N —

0 0.1 02 03 0.4 05
¢(NaOH)/(mol/L)

B 6 LJP61A BREERE=HIH) = BN B 1A 17

ME 6 ATLAE H: 525 A A H, LIP61A Fil
DLJP-1 (1 5 KW K B @34 K . L% NaOH
VR V)1 I o L A R MR AT K ) B2 A1 5 17 DL P-
2 SR R MO 4 oA e A A % » L e R AL I K
Bl NaOH e B85 388 i e Al B A« 3K 2 ply 0
IR T ZHEh i E . 455K LIP61A &
—WRhE 2 I H TFA BRBFEARLIR LIP61A =
WRIE 45 B4 B R T BRI LIP61A 143+ &, 1M
HCI BEMAEREAR LIP61A 43— 5t 1Y [A] B I Bl
T H IR
3.5 BRBEFEXT B MELRAREE AR
3.5.1 TESMmpeiFEeEa
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1.2 EELIP61A -DLJP-la a a- DLJP-2
bbb bbb bbp bbb aba byb pbp
0.9r
R
HZ
T 0.6f
&
§0.3
0

0 5 10 15 25 50
P (ZHE)/(ug/mL)

B 7 LIP61A B EBMMEF X RAW264. 7 HAM1FE B 2200

HE 7 A 2 R AE 0~200 pg/mlL
JLEP . LJIP61A . DLJP-1,DLJP-2 ¥JReA %AE 1k

100 200

p (LIP61A)/(ng/mL)
25

p (DLIP-1)/(ng/mL)
5

LI 240 B % 3 5, 7R S B MR EE O 25 pg/mL B,
LIJP61A DLJP-1,DLIP-2 X} E W 21 Jfd %) 384 58 %%
R i, 25 R RV, 78 15 & vk B2 N,
LJP61A.DLJP-1.DLJP-2 %} E W 41 iy ¥4 & A 75
PR o SR T X8 HEAS [ 50 1 22 W0 S 36 28051 (4 5 1)
TEJG S se s, PR 5.25 pg/ml Y £ 8 ik
FEHATHE— PSR
3.5.2 3+ RAW264. 7 m e i Fr i AR 64 % v
MM LT O Ye i o3t LIP61A Ko LR [ fi
P RAW264. 7 4 i fg ST iC R 52 0, an &l 8
fizn. M 8 T LIE i, St il 2 O YLl fn iR
FY W A B 240 B b Y B BT R 4 A A

.

p (DLIP-2)/(ug/mL)
5 25

il %d
L (e

W, T
€2

.
<
» L

8 ML Off@4Hr LIP61ADLJP-1.DLJP-2 3t RAW264. 7 4RAaAS R £ s 1ER

FEIE 0] BEZE RS i 22 W5 1) 1E #5230 21 vh
JUT WSS 2 B o i) R4 T AE AL i Ox-LDL
P2 B0 21 P R XL 45 1) Ko 1 21 € R, % B 4
Mo BT B B A IR BRI IR R SR A 4t
LIP61A 8 DLJP-1 4b# 5 . 21 € Uk BE 5 s /0
I LB i B 1 T R % i T R AR P A il
R, 2R EWE R 5, 25 pg/mL Y,
DLJP-1 HP i 2GR ¥ B0 2 3 5 LIP61A, K1,
FER ST W B T, R4 DLIP-2 iy Ak 28 W) #F fig
% B S el 2 A4 v 1) g B AR (R LR B
55 F LIP61A F1 DLJP-1, 3f H £ 3 25 pg/mL
DLJP-2 b3R5 , 4 P AT 9K BE LS 3 R 1) i o
RE,

GG EE MG A A R A A, g
TFA BRESE, LIP6 LA $35i 10 40 A 76 K Ak 10 76
PEFS 3 T8 S TE s Be Ak, B Ak HCL R i iU
T 2 AHR SRR T LIP6 1A X B I 24 i

B TUURR A IR
3.5.3 xF RAW264. 7 zm . TC.FC 30 % A
i TC Bl 2 FC Jot i B Jy JIH [ B R

(cholesteryl ester,CE) Jfizm ,CE 4 TC W) Jii & Lt
S A IT I 24 ] 9 A £ 4 5 A8 1) H A
M m(CE)/m(TC) KT 0.5 i, £ B VG40 i 4%
TR MR AL g . LIP61A S H BRI = kb
PR AL ) TC F FC st WAL 2 Fr g, X i
m(CE) /m(TO M RN 9 B

M 2 FTLLE s AR OS2 AL B
A0 s vp . TC i i A1 FC BT & 34 oK & 4 U] g 8
b 49t Ox-LDL 4B )5, TC 1 FC Jit & B 12
VAN

M9 AT DL s BE BT X CE 5 TC i
i AL 0 T e W A L A R IR A At A
LJP61A 5 DLJP-1 43 J5,CE 5 TC Jii & kv BH
S REA I HLAE A [R] BT 5 Wk BT . DLIP-1 %UR B
T LIP61A, 4R, DLIP-2 iy 4b B B AK W it
RAALR 1 24t e v L0 e 55 i (ED R ORI e 55 T
LJP61A F1 DLJP-1,

SLERAE R G O Yo SLgn 5 R — 30, Uk Y]
T TFA BEffRe A adem LIP61A fy3f i HCl
Ffi s LIP6 LA TE PEFEAR.
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