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Studies on Different Response of Cinnamic Acid to Root Border Cells in
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Abstract: In order to study cinnamic acid (CA) stress on root border cells (RBCs) biological
characteristic in cucumber and figleaf gourd seedlings, the number of RBCs, viability of RBCs, thickness
of mucilage layer of RBCs, the apoptosis rate of RBC and root activities in both species seedlings stressed
by 0,0.125,0.250 mmol - L' CA were investigated. The results showed that the number of RBCs, viability
of RBCs and root activities inhibited by CA in cucumber seedlings were higher than that in figleaf gourd
seedlings. Thickness of mucilage layer of RBC increased was higher in CA treated figleaf gourd seedlings
than that in CA treated cucumber seedlings, on the contrary apoptosis rate of RBCs was lower in CA

treated figleaf gourd seedlings. For RBCs the same trend was observed in both species stressed by 0.125
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and 0.250 mmol - L™ CA, but the extent of influence by lower concentration CA was lesser than that by
higher CA concentration. 0.250 mmol - L' CA inhibited root activities, which were more serious in
cucumber seedlings than in figleaf gourd seedlings. Removal of RBCs from root tips led to more severe
decline of root activities in 0.250 mmol - L™ CA treated cucumber and figleaf gourd seedling, it was more
obvious in root activity in cucumber seedlings. It was concluded that RBCs play an important role in
protecting root from CA toxicity, especially in figleaf gourd seedlings because of the lower apoptosis rate
of RBCs and more thickness of mucilage layer of RBCs.

Key words: cucumber; figleaf gourd; cinnamic acid; stress; root border cell

2 JIU (Cucumis sativus L.) B TARITBUR, SZAFREGE, B R AEIEERRG . SRR =4
(1) 5 L2 — SR AR AR R AW (1) — L8 B (FRak B 2%, 2014). xR H B ERE WL T3k (Asao
etal., 2003). HJEKFIPER (Yu et al.,, 20000 5, IXLCHIY) AR RALHCD S W) BE W A 1 £
AR, ASREEI e A B K (Ding etal., 2007).

RARULAN (root border cell, RBC) &I TR B I MG fEARR TG AN, fR4 )
TRISARA I RAT TE D AN E YR 1652 (Tijima et al., 2003). VTAERAFFTE D, RBC BEB IR
b7 AP #EE (Caietal, 2011). Fe*' 83 (Xingetal,, 2008). Na'#3 (Jr/KJE, 2011). 774
2 (Wuyts et al., 2006) ZU 41 (Knox etal., 2007). {244 % (Jaroszuk-Scisel et al., 2009)
B FKE CO, (Zhao etal., 20000 [fE. HHETOSCT RBC HUH H 259 BUee FH HLE M ANTE 2 .

AR (cinnamic acid, CA) 3 JTAR R W4 h —FhE Z 10 Q8P EVF2 50 E N
RUAL I A ] (Yu & Matsui, 1994; Ding et al., 2007), iiZ40)5x 85 IV G AR ——2E% 5
JA (Cururbita ficifolia Bouché) FIFZMA K. AL AN CA BUZ I 3 TURIN 52 (1) FE KT 7 A
RIGATRL, BHATRARIE, WF9T CA X Wi# RBC $it. K. FilZEE . JHT-R AR Y
Wi, JERR IS A B TR SRR o JTOR ) B85 2 7 (1 A B DR A

QY ZE SRS DARF

11 R R R AL

H b P AR MY R BRI T TR AR R R 16 57 Rl B AR R AT R 70%11 L
THEE 60 s, TG ZRTR/KIGE 3 Ik, JHRIMAETLHZME/AK Y 4 h, 253 28 CREFER MM,
Fpfh 155 1 G TR . AR K 2 W [ 52 T8 150 mL 2848 /K 1) 1 000 mL HedhHh, Ki 77 fLuE4R
BTYM L. KEE AR PR T ML, BB 30 Rkt 7. RN B O, 5T 28 C
BR SRR T BRI . R T IRRK R L S mm BPREREAR i 2 41, 4117 24 MM, 412 124
Ftr

Y 1: BEFE 1 hoF )4 M43 S pH 6.0 1 04 0.125 F1 0.250 mmol - L™ (I FERR (cinnamic
acid, CA) /KW, HLEWE S K. FARARKSE 20 ~ 25 mm FER RLZA M (RBC) . bk,
FIRZEE . BT R AR ARTE ). 4 2: SWIAEMRA/NKR CERZMAKD & 4 h phok 1k, &K
k4 30's, A2 RBC (Caietal,, 2011), F/ 0. 0.125 Fi10.250 mmol - L™ ] CA /K¥FWAEHE 1
h B3t 5 %, FERRKZ 20 ~ 25 mm BIDER RIE ). HP AR BAT 20 Kikh7, L 3 IER.
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1.2 MEMBSMER

RARDLGAM (RBC) FATERMME: Pk o MYS— BRI, K HRWAEmA 50 uL 7%
TR ELE T 1 min, JEH CST SRR E B H UERE SR & RBC. HU 10 L RBC Bl S
FDA-PICFDA 25 pg - mL™, P 10 pg - mL™ DR A Y LL 1 1IRA, Y h 10 min. 78 %¢ % 5 4#8% Olympus
BX 51, DP 70 Ngifs, iH40M 2Lkt (FDA 986), JEAIRILt (PLSG), HH il vt
B (Panetal., 2004).

RBC #i 2R RIIE : K3R48 RBC &BIF# 10 pL 5 10 pL FSEKIES, BRA BN 1L
e b, ® A, RS BAET TN & . RBC [MFIIRIZNE 3 MAFNLE, ISP (Caiet al.,
2011, Qiaoetal., 2013),

RBC TR [0 5 « K5 35745 1) RBC =77 e 2 h, 77 L2808 K, NN DF 95% B2 ER & 30 min,
FEHIBERRZE M (pH 6.0) 2 ~ 3 WK, BUAH B I7 W55 Hochest-33258 49 (10 pug - mL™") LA
1: LIRA, 9O W ET T WG S T4l i i B SFFEIF T (B4 %5, 2011,

MRARWE JJHIE . R JRH A =R IR E M (TTC) VEE

P B EE 3 Ik, RHA DPS7.05 ST 508 38 U7 229850 A1, LSD vEkAT 25 5 W 1k LU AR,
M ] Microsoft Excel 2010 4T & Z& 24 .

2 HEREHT

21 MEER (CA) MEMFEBIFE/RIRRILEMM (RBC) HEFTEZN
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BT RBR T 25.7%, PR INTE B3 2 5 (B D).

FDA-PI (03850 K W], S CA T REFNHI 3N RBC i& 3, 1M JEAT i JIN 52 21 1) 400 o A B
(B 15 2D, 0.125 mmol - L™ CA ALF 5 B FfUKE RBC 37 R AZLANK; 0.250 mmol - L' CA 4b#E
J5i, PR RBC 5 RPN AR T 9.8%; 1M1 Bk g G i % A8 Ak
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Fig. 1 Effect of cinnamic acid (CA) on number and viability of root broder cells (RBCs) in cucumber and figleaf gourd plants

Different letters in the figure mean significant at 0.05. The same below.
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50 pm 50 pm

2 FDA-PI @RISR (A) FEFFERK (B) B RBC
gt FRANM; 40t RN
Fig.2 RBCs of cucumber (A) and figleaf gourd (B) were dyed by FDA-PI
The live RBCs are green, the dead RBCs are red.

14 “ucumber

22 RWER (CA) i’fﬁfﬁﬂﬁ%ﬁﬁﬁmtﬁ%’zm E o 12 :iﬂﬁlriu& I-‘ilg,leat‘gnu.-d a
&k (RBC) FIEEERIF M 53S0l .

[ 3 R 4 FTA, FEARE CA S AL BsZ. F . b
RBC FhZ (L, Bk R RBC B2 5 2ot I it Il
JEE PR B4 A i T 2K 2E | ‘

0.125 mmol - L' CA AbFRJF , 31 JIURI SELAF 2 o135 0250
JR RBC #2550 ITE W25 72 55 0.250 CA/(mmol - L")
mmol - L CA A/, #/I15 0.125 mmol - L m3 pyashe (o) HBMABHRIRRLSMER (REC)
CA AbFHAR LLREMNAS 35, SEORF 7 JIC U044 BRREREM

Fig. 3 The effect of cinnamic acid (CA) on thickness of

36.8%-

mucilage layer of RBCs of cucumber and figleaf gourd

0 mmol -L* CA 0.125 mmol -L* CA 0.250 mmol -L* CA

PN

Cucumber

10 pm

SUFF RN

Figleaf gourd

10 pm 10 pm

4 PR (CA) REREMMEBNFENMRRLEAR (RBC) HRERE
7 Sk S B S (I s A
Fig. 4 The mucilage layer around RBCs from cucumber and figleaf gourd subjected to treatment with cinnamic acid (CA)

The arrows mean place measuring mucilage layer around RBCs.
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2.3 AHEER (CA) MENFMBIFEMIRRLEHMME (RBC) ATERNEMN

B 5 AT, I RBC 4R i |, AMERN, B s)—3, R EAER; Bl
AT IR RBC M40 oAz B ILvR BN G, SCEEA RN, AMEAS R, S IR ACHS, B AR o i
R B

15 um

Bl 5 Hoechest-33258 EEIE (A) MBKFHEK (B) MRRL%EHM (RBC)
1: IE® RBC: 2: HILMHTIHB® RBC,
Fig.5 The dispersed RBCs from root-tips of cucumber (A) and figleaf gourd (B) were dyed by Hoechest-33258
1: Normal RBCs; 2: Apoptosis RBCs.

mE 6 FTLAEH, mkE CA BRERI N 0 #JK Cucumber
RBC [UT-%, [T CA 54T RBC Q é‘ zz I I%Hrﬁmndeafmum a
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I, B TR S5 RBC 98 1% 44 1254 2 .
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SR LG, PR K RBC P TR T3 6 FERENER (CA) HERMBFEIRRLS
JI, AFHET 0.125 mmol - L™ CA 4b B () BE ¥ B R (RBC) BTERMTM
ML 15947 2.1% 5D ettt et i i (o8
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REC A RURIR SN K CA B, RBC E sl
Il B HR PRICR 205 B, G = 00
¥ERON L RBLA S 5. B8 B RBC, 0.5 B 2150
mmol - L™ CA X Fit IR 3 7 (0 A i S w0
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0.250 mmol - L™ CA &b B4l B0 T K4 R 3% M7 PR (CA NREAREHLERESSEN

Fig. 7 Effect of cinnamic acid (CA) on root activity in

14 R AS 2 RBC I T [ 24.4%F11 18.5%,

cumuber and figleaf gourd
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- HL2E TR 335 7 8 T SR /. Btk il 400, 351 RBC %481 0.250 mmol - L' CA Mt [ i 111
TR,

3 e

i 2 A RBC WA WG, ISR R — AW RIThRERI 415y, Jaok L2 Fika i)
RBC Jit 2 BHAFT A7 35 S 90% (ZE5IE 45, 2007). B4 CEAE 14 FH49 ik i RIL T K&
1E3% 1 RBC (Hawes et al., 2000; Cheng etal., 2008). ASHT5T &8l K5 A I RBC %0
AERA — g2, BARZHFE THARHEY), FETT# RBC MAEME RN TG, SR
15 5] — b AN ] S R ] 043 3 THIFSE (Caietal., 2011), X AJAEFAF R S . 4k RBC
B EL A HRAE A SR 885 R e AR, B /KRS RBC 4 AP #3 (O4A (Cai et al., 2011). #K
RBC X} Na [ (Frak i, 2011). CA &JRAEHY) T2 H Bz —, KRR R -4
FEEY TS 2008 0.1 mmol - L, fERIFRGRI 325 0 - 3erh S s m. ik, ARIGE SN CA
WIEAE 0 ~0.250 mmol - L' 2 /] (Dingetal., 2007). AN, CA REITRAL 2 40 IR ok S AL R
PR R AR, R TR 2 CA $&5 TAR R P MEEUKCERITE R & &, #0740 i A i iR
IR RIE, T 40 i or 2 00, FRAG T 40 M o3 R B2, i) T 4t o A DR 1R 238 (Zhang et
al., 2009). ARIG ST T CA JHE S RBC DIRERIRHR, KIN CA S 2 IR EENT g AR SR 10035 )
B — @ MamdfER, 1ff RBC REFRAIC CA KPR ISR 2 3% ) 46, IF BANFEEY) ) RBC K
CA FEFH IR I WA RI K I, MHR FR 2K 22 RBC BRSPS, 5 IR REFF i JIAR 2R 3% 3552 31 0.250
mmol - L"'CA IR R3] 76 RBC {#4" F, RIKE CA X B 5 IR 235 S (3RS 0 5k, (HRG) 8
JRAR RIS 7R 2 . ] DUHEN 35 RBC G CA Ma i RE K T AP 22T RBC LA
W FROMHENLEE, Cai 25 (2011) 1 Qiao %5 (2013) WF5TiA N RBC lid 8 nEh i 2 J5 5 Fi i
IIFET R AR R I AR, ARFFTIIEE FABUESE 71X — 55, [FI &I CA Wi J5 ¥R R RBC 1
P T2 RIBE T F A8 T I, ARG J J2 T 398 o v s 8 3o ik K, A8 SR IR R IR J2 e 98 9% CA %T RBC
MFESE, HULnT CUHERT RBC REXSRAE 4K CA Wramife Jr; T 2k p )R RBC LA T HAE.
TR SR R 2 SR, D AEHRAE CA B 1R 8 ) 77 T W S 5 TR

MMPH T AEIE S A MRS R A, TRER LG R REIETT (SR S, 201D ABFR
HOREL, CA A5 7 3 TR Sk B K RBC FO4NokZ BRI S, 8 TR, R&5E T
MAAET, XU EFAEH T CA Bl FE T RBC iR RIS . P45 8 2 G T H e/
BUOL BB P RHES e, AR TR IS

CA REEE AW, R TOEERG &AM BRI . 00 R KT 5 I B A T
TN, PR A 3 R REA N F Ak 2 7=, o AL 2 8 (Ding et al., 2007). ABFFLH
M RBC [ BERETT, RIVFRAIEAT K RBC 523 CA W 5 RILA A2 57, W] T 2 R
FRARIE BT (1 68 Sy 5 TR IGALEE, 4 DL g IO Al AR I e 3 IR AL T B8 S0 FE
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