%48 K F 1 THIFERFFHROE R F R Vol.48 No.l
2020 %1 A Journal of Henan Normal University (Natural Science Edition) Jan. 2020

XEHS:1000-2367(2020)01-0096-05 DOI1:10.16366/j.cnki.1000-2367.2020.01.016

H A s B I R0 30 e At ke Az R LB 5

EAEFLFEME TR LR IRER
WS RHE R e GRRE SH AR, WS B3k 014010)

FE TR R A0 N R R B A 5 2 AR A e R ) R A AR AR A R A I A i
HAEAE — ZR G Y 0] A, G o i HL BT S T R R 2 0% 40 AR Ak Tn) L F 5T L) SRR 22 4 e R S B OR H RE 4
J A A 5T 0 4 38 o W A -V 5 Ak =2 490 4 A 22 B 4 AK I (Polyphenol oxidase, PPO) i P il P9 41 B B 7 2 | 41 Mo il
B LR AT M 0 2R A B R A 4 I R e 0 s A ) 0 e TR B k) Y A R A S O TR R B T Al
A8 AL AR B (PPO W& M 5 M P9 40 B & B T B R IR R R R S A MR R A A R AR Z AR DGR TR B
PR 3R I PR 5 48 1 S 7 1) 3 A8 9 500 H 0 00 i R ILASE 5% 3% 109 Tl e 3 7R

R« H BT IR B AL 2 L

HESES 628131 N ERARERD A

HH¥(Glycyrrhiza uralensis Fisch) , BB (Leguminosae) 244 AR BB AR A Y, 2 F ol %
U2 AATTE 38 1) T A R 2 22— TR H RS A i R 28 A% S v 25 T80 D7 1 500 B9 80 Do AT 48 H A Sy E B )
R T2 TR R R A A AT . T A R B A e PR R A 1 BT R A HTYE RO R
s SR SRS R A0 R R B A 7 2 P S e ik e R R R A A AROR AR (H IR R
A IE A B AT A TE — ZR 5 A MEDC A A0 LA B 10 A= 49 2 ) J0L, Ao A S I 48 3 R ek R o 1) T R 2 ) R4
FErb A A5 B i L BT 5 T 4 B R A 6 1) 40 i A Al )R

FEREL7/E OB S R R I U R e NS RN ) RN s < 1 U o A ¢
Vi 205 A0 M AR AR R TR A AR ST RO g /N 1 B DR RASE % 3 1 A o R v R ) R T A T - et 2
) K 38N S i TR B B o 48 Ak ™ 5 0 240 L AR A S B A e AR R R R AR 7 R R R R 29 R
240 i 1% 7% M A R 0 ] R 2 — 0 S AR R Y R MBORR B R AR AR Ak LB Tz N 5 K 4 A
WESEATRE W5 18] - 005 A 2 00 A0 T 6 A & A= 9 28 TR L o 7 80 0 0% 97 B9 PR 5E T 3R 5 40 g Tl A2 46 Ak & AR 2 11 Y
KA IRHT G R AE 10 & 2R 1 7R A2 I e M BR Al E 2 1 22 4 A R0 42 1 S s

1 #H5FE

1.1 YR

At G A SRR R I N SRSk T e BRRRE A T 0 B ey DR A A ) 8 T T i A
FEARBE 53 A 175 S R, 2 SL Ak AR5 3% 20 AR b AR A7 TN S RO A Y A 5 57 == B IR B R R G
SIS SN B T ELVB 6 g R R KORAS R AR 4N B T 250 mL = M.
120 r » min VEHESE, BIFHIEE N 100 mL A MS BT EWRE 30 g« LM 4+0.5 mg « L'
NAA40.5 mg+ L' 6-BADGIRIEE 36 pmol » m % « s ' JEIRAFE] 16 h« d ' 50 25 °C.

i B HE:2019-01-20; & B H #3:2019-11-20.

E&TH: BHEKARB 2 HA (31460064;81960688) s U5 T H AR H 42 (2017MS(LH) 0304) 5 4 52 7 B4 K= B F Y
LI (2015 KYYQO03).

EEB N (BEIESE): EAERA994—) Lo NPT RIEN , WEHBHE K E0L 54, 2 NFHE Y WA

BIEMES MW, M1, 24% , E-mail: btliyali@126.com.



%1 I F HE IR TR B A AR 97

1.2 XWFHZE
1.2.1 40N PPO 3 5

BLASHhUE A B B R AN M B 1 g #E 4N (Fresh weight, FW)AIA 2 mL ¥ W 0.1 mol « L' BEfR 2%
MR (pH7.0) A TE 47 /0 78 20 WF S B BE W LA 12 000 r » min ', 4 °C . B0 5 min, FiEWH T MM PPO
T E B 100 pL LN PPO ¥ 5 5 900 pL B R 2% v IR (BE/R VWK 0.1 mol « L' \pH7.0) AT IR &
25 ‘CF/K¥ 5 min, 410 nm Z& 04 5 1R A W WO MH CBF min BOGAE IS N 0.001 AR —> 507 /9 PPO I
PED L 43590 T 200 L 1 -3 A S B9 55 0,306,912 d T 5E L LA S 56 BRURE I 5 1sF i) AR [].
1.2.2 4R PN AP S il

S 2% Ainsworth SV TR EATOR 1 g SR (FWO B FHRSR P L INAGE B A DS
2 mLIA B R KL 95 % 10 S BEFE 4 BFBR . 2139 F 12 000 r » min ' 4 ‘CEO 5 min, EiFBRAEE 10 £, B
2 mLF BERAROMA 2 mL f8AKEY .2 mL ARELZ 80 10 %60 8 BR 4R 1 7, 30 °C H IR /KA 60 min, 765 nm Il &
W A Ay 200 J6 PN 13 5 ek 40 i A 35 S b R R I TR I 2 mL BE IR IR] R O i R AT I A 4
R T 38 3 R AR 0 4 A o i 2L R A
1.2.3 40 RS 75 1 0

20 0 S5 3 35 1 72 2% Suzuki VYR, KO T RASRE S A SE WA M, 1 Evans Blue, 4 41 i
BN E G R T YA AR E s AL A SN (9 Evans Blue 9505 i B T 40 M52 5 E A FRBEHL 0.2 ¢
BEA BN A 0.5 mL A4 0.1 % A9 Evans blue %45 5 min, EL2S 8 22 B 4 (407, B 0.2 g Y& {0 40 ifg &
TEATESECH 1.0% SDS BB 50 % BB W .50 “C /K 30 min, 12 000 r » min ' ,4 ‘C#
O, BUETE T 600 nm P WO AR IR RE 14 40 it 76 B /K P& 5 min (A B3R 7 i A BRAH L 600 nm 0 5 14 1%
SEAE R SCA 40 i 53 325 14 Sk 100 %,
1.2.4 520 i SR A M D

LR IS PR E B VE S % Tborra S51™ 7 vk, J0 25 1l U8 40 25 B VR 40 ML B 0.2 g SEA0 M T L A
5 mLIEE /%0 0.6% TTC(2,3,5-triphenyltetrazolium chloride) ¥R (&M T pH 6.5 WAL 25 vh k) . 5 Ab 3
24 h R EAMIEE T & 5 mL ARBUM 95 %0 M LB .60 “CoOKME 15 min, B0 RBRUIVE 485 nm 44 F
D 1 3 YR P TR ' L T Y 5 400 i ot ) L (B AR R R TR 1 (Abs = g ).
1.2.5  JRMsTHI 77 % 40 48 1k i 5 i

T PR T A AR SR AR B L) Sy L B R 4 O 0.60.120,180 1+ min 'L EAEESS 0.3.6.9.12 d 1
HEL P A1 S T BB L SR R LR
1.2.6 B35 AR AL X 40 M 48 1k /Y 52 i

TC B REOB BT A MR O 10.30.60.90 g« L A BE SR EL L 0 A2 A6 AN [) R W 0T 4 Wk BE A SRR L AR 0.3,
6.9.12 d AOZ0 I N A0 B8R BE IR AR AL R

2 TLHHER

2.1 HEMME-RENXEEA PPO EHEETH

EEN LT s PPO F£7E T A8 Y 40 B v 236 1A sl At o 4 > by, 200 M e A VRIR KGR 25 )5 . A Ak L 1
AN 1R, 0~3 d.PPO JEPEIRGE | Th, B 77 55 55 PR 55 T 40 M 78 32 S0 5L 55 L P 4 20 58 5 v 3R
B AZ B0 E TR B PPO KBS . 12T R 09 35 5% 5 & v, i 55 AN 35 07 9 40 Bl v I, A L0 20 i 3 T S
T IR BE IF AR IG5 L R 3~12 d.PPO J5 P IF 4 F .
22 HEHBAIIEZHEE

3 2 Ak A WA Ry it 402 48 16 B9 RS0 o A7 A 036 4 v 200 R 8 V2 B SR 0 L A R PR B8 R AR AR R el A L 8 4y
20 Y D] A 3 N7 B T 32 A, A RO PN B R o DX R IR L T S o b it X H A B L A R e R AT AR
GERGNIE 2 FTR ,0~3 d 4 Y AN B O i 2 aGE b T 4 T ok i SR Ak AR v 3 40 4 i 32 i 3 N BT A B L T
IRIGFE BT LA 3~12 d 0L A i & &S24 /b,



98 T IR IL K FIRCA RAF RO 2020 4

2.3 HMEEEEN

Evans blue J&—ft A= 1y e (0 50, A7 I 1) 200 1 DA 200 i 12 56 8 19 TG0k U HE e €0 200 i 4 40 k7™ B, e (8
SR T e A A AL 20 th TR SRR BT A B L 0~ 6 d 20 M — AL TR R AR U 1 SR AE R L B A i
3% S 558 7 T A 040 o 200 S S B L G (B R 6~ 12 d WD TAD L3 N PR BEAE TG T R A 4N A K R B BT LA A5
F1 40 JHEL 1 JE 36 3 P A O A (1D ).

1.4 F
W 400 PO i 2.0} TR
1.2 F
C Ik sim
. Lo} . L5F
P -
< 0.8} <
= @ Lo}
D 0.6F ;:(’
= 0.4 | T 05F
0.2 F 0.0
0.0
t/d t/d
<1 Al PPO Jf 1 K2 4k iy
Fig.1 PPO activity in cells Fig.2 Total phenols inside and outside cells
2.4 AR SR ARTE N E
TTC ] AT % 28 4 M A7 05 IR A B AR i 07 00 240 M v 9 B0 S0 T LUK T'TC 3 i, i o 240 o 52 20 6, 2

A AE T TC 1 e e (5.0~ 3 d BIA], H R T A O A 3 I PR B A0 M A2 BB BB TS TTC 3 (5 2
M b R R RIS Mt — B T RELE AR E . 3~9 d, Al i PR e 7l , Dk TTC Y €0 40 i 38 i, 2k 14 7%
PESESR. 2 12 d, A0 AR OB TR  GORLMHE A BT T I (181 4).

W st T

AR /Abs
W YGAE /Abs

0 3 6 9 12
t/d
B3 2t e o 4 dokiikimtt
Fig.3 Membrane permeability Fig.4 Mitochondrial activity

2.5 A[E) R X 4 A48 1K B T
2.5.1 iR

BVRIEFRMAT 3 d, O A B 352 55 F F (B IR %% 43 51 28 0.60.120 5 180 r » min ') 1Y 4 Il B 7% K .
10 000 g@f.Lr 20 min,420 nm P T ME 15 WA WO BE TFAil B 77 1A 3R A AR 4 AL 7R B 245 R WO, Bl o 5
PR 2t R 1) 8 TN &40 4 A R 8 SR B R 40 M JOT A2 1 U A B U0 g R (L 5) . F T B Y0 0 X 4 R R L T
20 L 3 N RS B S A W A0l Tl O 4 Ak S 0 Y i
2.5.2 4N Ah B

PR BT 5% 52 0 202 1 3R A, (R [m] I 9 4 5 D) gy A A7 AEAR DK 52 e Bt 2 U 1A 5 U0 ) B 3 K 2
JH T 453 5 PRI L T LA R S 40 PN 1% T A 4 I 4 il R I3 5 R R A0 A B 2 P T S I R (A
6Ca) . 6(h)).

TR BT ) R L 2300 4 1 R B R 05 L BE A AR BT Y 04 T v 0 R P I e 5 A



&1 ERHF HE LR R R ML A IEB R 99

N B 29 B A PPO B R B 323 4 40 00 N Sl

W AL 54 5 Bt T 8 A 7 s DA

VA b1 32 5 3 T 0 M A A5 7 L ol 120 ¢+ min

20 5 R PPO A 80 B 35 9 o WA T 8 A4 A 48 E A T 180 T emin

T I I A1 338 48 b 2 13 T 5 2 o 1

2.6 EEREWABEBLOENE = 02t

2.6.1 fEfLFERE oo , : , ,
3 3 % A AL B G L T LA — A 0 3 6 9w

Wi 25 TR 0 3 O 4 0 A A A 7 v ARG T 77 v

TERIZUE TR L AR 23 % 2R 8 A0 R 17 Tl 76 — 2 48 5 WiEE

Fig.5 Degree of Browning

Pl PN 4 o R U S RE 0% 4 v A AL R L O TR 1) R
B (10,30,60,90 g « LH SRR EIALRE - 7).

—= 0 remin

LOF —= 60 r e min’!
3.0f@ (b) 120 t *min’
B 0.8k —— 180 r e min'!
2.5F : 1
) —— (O remin’! )
2 2.0F —60 r*min’! 2 0.6fF
= — 120 r *min?! <
o L5 —— 180 r *min'! R
RE} RE 0.4F
= LOf 3 =
o5k . 0.2
0.0 a L L 0.0
0 3 6 9 12 0 3 6 9 12
t/d t/d

B MABMERER ). MANEMERE ()
Fig.6 Total intracellular phenols(a), total extracellular phenols(b)
2.6.2  HHJfL AR
Wit o T AR R T 15 I, 0 i N L A S

PR BT 3 d DR b T 10k
I A P S B R Bk T e O 0.8} e

+6()g.

HEEHE N 10 g « LU 1F T IR 0

£ o6l 90 g
B R (8 Ca) L B 8(b)). =
HE 3 LY A R A AR L AR A = ™

S FEAR A R o T AE — R i R P 4R e R 021
Jo ek e B, e A e JRE L 2x 2 v L S ] B9 RE M 0.0
e B2 3 B8 A AN TR A 48 AL AR R T I RE B

e JRE S 5 | R i A 1R Y O B DY R

0 3 6 9 12
t/d

KT #IereeE
> 3 Fig. 7 Degree of Browning
3 3 it

HEL) 2 48 T A 10 T B DA 26
e 1 0 22 B SR AR AR S AR T S AR R R AL 5 ), IR 28 2 — 25 BRSO e (5 1) 22 I 2R ) o 4 1k
UG H o 240 -3 5 A0 300 L I P S I 2R A S M A R R AR PPO 3 13 85 i Evans blue B (4
HTTC kR AT H 5 20 B 15 97 A 2B B 48 A0 B G Jm T it R 9 2 B2 il 2 465 1k BN U T 40 i 32 05 e it 5
Richter C 5577 22 98 A BIF TS 45 2R — 24050 ) 40 48 Ak 1 TR 3R 2 B8 WA« B0 B % 7 A i i MR 59 011 0
5 0 5 B TR VR B MR DR KPR A L A B 10 R A R 0T 00 A 4, 1S A0 L TN T 2R B R PPO
TR B IR0 DT A A AR 463 1 S5 N7 IRE A S R 40 200 I 35 517 ik s T 82 0% A B0l 20, O AR 0 400 i ) A I



100 T IR IL K FIRCA RAF RO 2020 4

AR 11 e Ay SO Al A BEWE A7 75 19 25 1 R o A M A 2 T AR A AR SO AN TR A RE R ik 38 S oA g Ak T
AR B S RIS B f o w2 A A T w8 Aok 40 R e e L R e 2 5 DR By 2R e & B St
DRI I TR A o 2 5 | Tt 2 4 1 7 S B P 28, DONG 25 76 21 5 A2 4l w2 B0 1 A TR A 5380

(a) = 10 g-L

.

2.5F (b) —=— 10

-— 30 g~
- 60 g-*
90 g *

T HAE /Abs
T HAE /Abs

B8 A E Rl (a), AMSE SR (b)

Fig.8 Total intracellular phenols (a), total extracellular phenols(h)

H T XA o5 B A R4 ) ORI R RS 7« (1) BRI I 55 7 <3 A 1L 52 0 % B0 R v
B 10 g o LoV FF A A AT AR DR £ T LG Ao A 0 2k R (R 0 B A 1
B VAT 40 D 5 0 DT RS 7 005 0 58 010 2 1 % — 7 T R 0 T 4 I 11K 1 P x40 L 199 95243
I LA HE T A 00 10 U8 (238 5 0 3 o306 T 0 95 o) N ML 0 6 B 9 4% 0 1 0 470 9 3 40
M 5 /B P ST AT 35 IR AR 02K 0 TR 5 PPO) (45 Ml IR 1 40 38 L PR JE . 4
1 bkt A O PR 0 B TR R 2 2 U R T B Rl A Al R T [ G
24150775 300 01 T L R A 0T A SR 25 W DK P ik 380 K PR MRS 0 K 0 0 SR Bk 22 B B
P S S R 40 7 3 O AL TR R A ) T,

5 % X W

[1] MAYER A,HAREL E.Polyphenol oxidases in plants[ ] ].Phytochemistry,1979,18(2):121-193.

[2] CHEYNIER V.Phenolic compounds:from plants to foods[ ] ].Phytochem Rev,2012,11(2/3):153-177.

[3] GAO F,CAO XF,SI JP,et al.Characterization of the alkaline/neutral invertase gene in Dendrobium officinale and its relationship with
polysaccharide accumulation[ J].Genet Mol Res,2016,15(2) :1-8.

[4] LIU S,LAN J,ZHOU B,et al. HbNIN2,a cytosolic alkaline/neutral-invertase,is responsible for sucrose catabolism in rubber-producing
laticifers of Hevea brasiliensis(para rubber tree)[ ] ].New Phytol,2015,206(2) :709-725.

[5] DONG H,ZHONG ].Significant improvement of taxane production in suspension cultures of Taxus chinensis by combining elicitation
with sucrose feed[ J].Biochem Eng J,2001,8(2):145-150.

[6] KIM S,CHOI H,KIM ],et al.Effect of osmotic pressure on paclitaxel production in suspension cell cultures of Taxus chinensis[ ] ].En-
zyme Microb Technol,2001,28(2):202-209.

[7] DONG Y S.DUAN W L,HE H S, et al. Enhancing taxane biosynthesis in cell suspension culture of Taxus chinensis by overexpressing the
neutral/alkaline invertase gene[ ] |.Process Biochem,2015,50(4) :651-660.

(8]  Eu, EFF.EEE .pH X o448 5 2 By S AL RS AL 1952 i [ ], [ T 44 35,2003, 17(3) 1 157-161.
WANG Q.WANG D.THE EFFECTS OF TEMPERATURE AND PH ON THE POLYPHENOL OXIDASE ACTIVITY OF POTA-
TOES[J].Chinese Potato Journal,2003,17(3):157-161.

(9] M, o B3 , i /INA] L A8 0 A Ml DR B 3% o b X S s 4 VR SR O AR L) AR B 22 2 41, 2015, 33(6) : 867-872.
LIY L,MENG T T,ZHANG X L,et al.Operation Strategy Optimization of Glycyrrhiza uralensis Fisch Cell Amplification Culture in a
Stirring Bioreactor[ J].Plant Science Journal,2015,33(6) :867-872.

[10] AINSWORTH E A,GILLESPIE K M.Estimation of total phenolic content and other oxidation substrates in plant tissues using Folin-Cio-
calteu reagent[ J].Nat Protoc,2007,2(4) :875-877.

(TEE 108 ™)



108 T IR IL K FIRCA RAF RO 2020 4

electrospinning nanofibers loaded with adipose-derived mesenchymal stem cells(ADSCs).[ Methods ]Rat ADSCs were isolated,
cultured and expanded in vitro. ADSCs were examined by flow cytometry. ADSCs were loaded on polypropylene carbonate/ poly
e-caprolactone/ poly L-lactic acid-grafted tetracalcium phosphate(PPC/PCL/g-TTCP)nano electrospinning carriers and implan-
ted into the cartilage defects of rat knee joints. Experimental rats were randomly divided into two groups: 1) Normal control
group; 2)Exercise training group. The training group uses moderate-intensity horizontal treadmill exercise(12 meters per mi-
nute, last for 30 minutes). Training began in the third week after surgery. Training was conducted twice daily and five days a
week. After eight weeks of training,hematoxylin-eosin(HE)and type [l collagen were stained and histologically examined. Waki-
tani score system was used to evaluate the cartilage repair degree.Statistical analysis was performed by using Graphpad Prism
6.01.[ Results ] Rat ADSCs can proliferate and differentiate into osteocytes on PPC/PCL/g-TTCP; In the exercise training
group, the scores of five indexes(cell morphology,matrix staining intensity,surface regularity,cartilage thickness and graft-host
integration) were significantly lower than that of the control group; HE and type Il collagen staining showed that the prolifera-
tion of chondrocytes and the proportion of type Il collagen was significantly increased in the training group.[ Conclusion ] Mod-
erate-intensity exercise training can significantly improve the level of repair of rat articular cartilage injury by electrospinning

nanofiber loaded with ADSCs.
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[RERKR #HE ER™~]

(L#% 100 W)

[11] SUZUKI K,YANO A,SHINSHI H.Slow and prolonged activation of the p47 protein kinase during hypersensitive cell death in a culture
of tobacco cells[J].Plant Physiol J,1999,119(4) :1465-1472.

[12] IBORRA J,GUARDIOLA J,MONTANER S.et al.2,3,5-triphenyltetrazolium chloride as aviability assay for immobilized plant cells[ J].
Biotechnol Tech,1992,6(6):319-322.

[13] COETZER C,CORSINI D,LOVE S.et al.Control of enzymatic browning in potato(Solanum tuberosum L.)by sense and antisense RNA
from tomato polyphenol oxidase[ J].] Agr Food Chem,2001,49(2) :652-657.

[14] DONG Y S,FU C H,SU P, et al. Mechanisms and effective control of physiological browning phenomena in plant cell cultures[ J].Physiol.
Plant,2016,156(1) :13-28.

Mechanism of browning in suspension culture of licorice cells

Wang Jiaqi, Niu Wengian,Li Yali,Zhao Zhou,Guo Rong
(School of Biology science and technology,Inner Mongolia University of Science and Technology,Baotou 014010, China)

Abstract : The direct production of medicinal ingredients using plant cell culture technology is an effective way to solve
the problem of licorice resources,but there are a series of problems in the industrialization process of this technology,including
the most common problem of browning cells throughout the amplification process.To determine the type of browning reaction,
we measured the PPO activity, the total phenol content inside and outside the cell, the membrane permeability, mitochondrial ac-
tivity at the early stage of solid-liquid transformation using ordos plateau urals licorice cell as the research object. Then under the
different initial concentrations of sucrose of the liquid medium and different initial shaker rotational speed,the browning degree
of cells, PPO activity and the total phenol content inside and outside cell were measured to analyze the relationship between the
environmental factors of the suspension system and its enzymatic browning, understanding the main influence factors and the
browning reaction pathway would promote the industrialization process of licorice cell mass culture.

Keywords: licorice; suspension culture; browning; polyphenol oxidase
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