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Biochemical changes and subcellular structure in germinating seeds of Liquidambar formosana under Pb, Cd,
and acid stress
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Abstract: To explore the dynamic biochemical changes in the germination process in Liquidambar formosana seeds under heavy metals
and acid stress, different Pb(250, 500 and 1000 mg-L™"), Cd(25, 50 and 100 mg-L™"), and acid(pH 3.5, 4.5 and 5.5) stress tests were es-
tablished with filter paper culture. The soluble protein, soluble sugar, reducing sugar, and a—amylase and B-amylase activities during seed
germination were measured, and observation of the ultrastructural changes in seed endosperm cells undertaken using fourier transform in-
frared spectroscopy (FTIR). The high concentration of Ph stress during the early and middle stages of germination (4 and 7 days) signifi-
cantly increased the soluble protein content and B—amylase activity. The a—amylase activity was maximal at Pb—500(P<0.05). Cd stress
had a great influence on a—amylase activity and the response of soluble proteins, reducing sugars, and soluble sugars to Cd gradually in-

creased during the middle and late stages of germination. FTIR analysis showed that the Pb—250 treatment stimulated the synthesis of ester
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compounds commonly found in membrane lipids and cell wall pectin. Pb=500 and Cd-25 treatments facilitated the synthesis of organic

compounds such as cellulose, hemicellulose, protein, and polysaccharides during the germination of L. formosana seeds, thereby enhancing

resistance to Pb and Cd stress. In contrast, acid stress reduced the soluble protein content, and pH-5.5 and pH-4.5 treatments promoted

the synthesis of soluble sugar, reducing sugar, and B—amylase activity during the germination of L. formosana seeds. With the enhancement

of acid stress, the change in the characteristic peak value generally showed a downward trend, and the peak value of the pH-3.5 treatment

group was slightly increased.The majority of Ph*" and Cd** were deposited in the cell wall and cytoplasm, and the cell compartment was sig-

nificant. Thus, L. formosana can germinate and grow in heavy metal and acid contaminated wasteland via the combined action of permeat-

ing substances and cellular compartmentalization.

Keywords: stress; Liquidambar formosanaseeds; physiological index; FTIR; TEM, germination
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in Liquidambar formosana seed germination process
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Table 1 Activity of a—amylase in Liquidambar formosana seeds under Pb,Cd and acid stress(mg-g™"+min™")

i & 13 72 The germination process/d

ENiV-zin

Ungerminated seeds

7 10

AP Treatments

0 4
Pb CK 39.11£12.35Aa 40.07+4.30ABa
250 mg- L™ 39.11£12.35Aa 28.84+13.88Ba
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Cd CK 39.11£12.35Aa 40.07+4.30Aa
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34.03+12.36Aa
32.38+2.18Bab
70.80+1.37Aa
66.15+11.72Aa
70.61+13.49Aa
32.38+2.18Bab
79.33+3.77Aa
42.32+2.53Ba
42.53+3.54Bb

T B PR AR HE2E (n=3) , AR RS TR0 305 [] — B DA [7) b Bk 32 ) 22 S 8 385, AN TR) /NG 7Bk 3 [l — A BN [ b i) 22 57 W8 35 (P<

0.05). A,

Note: The table shows that average value+standard deviation(n=3) , Different capital letters indicate significant differences among different times under
the same concentration at P<0.05; different small letters show significant differences of the same time under differentcon centrations at P<0.05. The same as

below.
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2.5 Pb.Cd FAERENE Xt X & FhFiE M ERE MR 22 I
2.5.1 Pb . Cd FlE& 300 X AR A Tl 7 oc— 0 3 il 0% P 1)
A

VE R R A1 S A 5, R R R R
FEVE R B A P A8 SR /N RS S il A K 4
BERE R RN T A R AL . BRI UL , Y B BTG ) /N il
TR L KRR %Y. &1 ] HIBE Pb vk B i34,
WA Tl - V8 #3036 4 35 76 Pb—500 B 3k f R fH .
o VE M G E W & 30 A b OB 2 0 i T 12 3
LS 5 M3 (R B A, BRELERT ) (1 S P |- T, 4% Ph
Jolp 3 e R Y R 2R A 7 d IR R KA, R IEPE T
R, CdIHa R & ZE01 (4 d) Cd-25 4 F 20 o3 )
it 1 M S T CK, R ZF 5 (7010 d) W) I8 2
F CK(P<0.05) . BRI A8 KT, o TE B B P
R RO S B AESE T dak R R . Bl pH K
AN R ZFRI (4 d) oc—VE K3 Bl S PRI OC 183 25 = (P>
0.05), %57 d i pH-3.5 ZbF4 i 2 KT CK, 45 10 d i
[ S22 S e R 4, Tl A BEAS R F CK 4
2.5.2 Pb . Cd FNHR W 380 X HEF B B—TE B Bl 06 1 19
A

B—VE M3 il AT LA LAl IR ) A T TR
HBEE Y At A rp sl BT a2 A, Ph
KRR I(4.7 d) B-TE kB M 2 2 LR
b =38 T — B AR =38 s 4, Ph—1000 & 2% K F CK(P<
0.05) . BEMT ] A FE K B CK AP4S Ph k0 41 15 5 S
JElEa S . CAAFT , W At #E i R Cd-50 FR 34 &2
eI SRS AL . 554 d i Cd-25 /b PR E R T
CK, 1M 55 10 d B 5 g KT CK, i B i & 9] ARk

JE 1 Cd 14 Jolh 360 £ AR Pl B—JE Mo Wl 1 A 1 344 o
B E AR A i . Bl pH (E/N 56 4 d IR M 4
B—VE MYl & 1 B CKL 58 7 disf pH-4.5 . pH-
5.5 Ab A R 25 T CK(P<0.05) .
2.6 WEFFIEFLIE ST EBEWER

I 28 3 b PR AR Al JVR 2L A AOUR 45 A
7 Camed) TS, ISP A0 L F14) 200 R 00 5% 0 D0,
JEEG T T, 200 L SR R SR A U, AR R LR 45 g T T, TR
T N o A 25 AU A K HetR A s T U o, H R
B ENRE AL B R A NSRS AR, I
A/ EEVER R HERL, A0 ACIHE B . K7 (e~h) 1 P
3 AR o S SPL 40 P 0 A 1 40 B R S B 1
0 A% — MU T ST, HlE A T 20 A% R B v ok A
PR S Ak B AR A S HES TC T |, B PR
24 i s B 0 SR YRR 0 T BUER Y
JF, 20 R 5 40 R 7 B SRR 3 PR S 4 i )
B PR BRI DLYE , T AR = Ph LRSS . Cd
30 (P 7 1) 40 B R R 200 e S 3% g A ™™ B
2420 R TR A 2 () R BE IR IR A, b At T
AR R, TR AR A R A AR, 200 B R A i Jo A R
SR SR BE , HEME: CA UL AR & M Fh - rh 40 i
PR R 825 A 7™ B, 45 20 B 0 BAS w338 f 95 4%
(B Tm~p) , FHAEAH KRG A TFIT AR AR A
T AR PR L PN i 2 A I TG T R R 5 20% R
T 2 R A T S D DR AR A A AR A%
PR R EE AR IR, o A R W 0%, A=) S5 %
o H LA TR A 0 AR B TR Ry e €0 TR I 2T R
R

2 Pb CAFIEERHE TIMEMF B-EMERE M (mg-g ' -min™")

Table 2 Activity of B—amylase in Liquidambar formosana seeds under Pb,Cd and acid stress(mg+g™' +min™)

phsT Wi & 2L F2 The germination process/d KB KT
reatments 0 4 7 10 Ungerminated seeds
Pb CK 39.49+16.31Ac¢ 84.62+7.12Bbe 45.99+11.63Cc 115.68+28.07Aab 133.16+16.56Aa
250 mg- L 39.49+16.31Ab 127.18+37.13Ba 126.56+7.11Aa 84.33+8.12ABab 87.00+18.95ABab
500 mg- L 39.49+16.31Ab 64.36+16.32Bab 83.42+10.62Bab 65.52+9.53Bab 100.16+34.29ABa
1000 mg- L' 39.49+16.31Ad 214.41+28.44Aa 130.79+21.00Ab 88.15+9.49ABbc 73.29+8.89Bcd
Cd CK 39.49+16.31Ac¢ 84.62+7.12Bbe 45.99+11.63Bc 115.68+28.07Aab 133.16+16.56Aa
25 mg- L™ 39.49+16.31Ab 308.84+74.74Aa 21.70+2.08Bb 65.97+5.90Bb 26.12+13.04Bb
50 mg-L" 39.49+16.31Ac 177.30+19.89Ba 120.10+15.35Ab 114.48+7.04Ab 47.39+8.25Bb
100 mg- L™ 39.49+16.31Ac 169.78+10.69Ba 97.30+14.53Ab 137.45+16.00Aa 42.97+3.47Bc¢
pH CK 39.49+16.31Ac 84.62+7.12Bbc 45.99+11.63Cc 115.68+28.07ABab 133.16+16.56Aa
5.5 39.49+16.31Ac 271.26+19.25Aa 163.40+6.80Ab 132.52+22.16ABb 44.16+7.53Cc
4.5 39.49+16.31Ac 236.62+49.63Aa 73.39+12.51Bbe 92.85+10.78Bb 101.25+3.05Bb
35 39.49+16.31Ad 253.27+26.10Aa 56.94+5.70BCcd 149.03+9.90Ab 82.80+9.05Bbe




BRITER , % - Ph ,C ARG B i T 9 A 3 A28 B LT A0 45 1

a,e,i,mx1900;b,f,j,nx2800;c, g, k,0x4800;d,h,1, px6800, (a) . (b) . (c).(d) FX}# CK; (e) . (f) . (g) . (h) A Pb-1000 mg - L' 4b P} Ph
Treatments; (i) . (j) . (k) . (1)} Cd=100 mg+ L' 4 ¥ Cd Treatments; (m) . (n) . (o) . (p) Jy K Wi & Fl F Ungerminated seeds; CW. i JfIBE Cell wall; Mi. £
HLAK Mitochondria; BG 5 HL F 50 ) it High electron—densed substances ; N. 2l Jlfi #% Nucleus; V. 2 Vacuole; SG. JE 34 Starch granule; L. JJ§7# Lipid
droplet

E7 AEALETREFFIEZLAEES RIEE
Figure 7 Ultrastructure of endosperm cells of Isachne globosa in the different control treatments
3 it T AL o R AT RE F R . T A R B
( Trifolium repens L. VP RS B AR Zn A R R
-1 A A A R B SRR B B T B I, ) I i 2 A 30 SO A 5 i 2 1 iy L DAIHGOR 3
o 4 1 ) Jo I R R YT T AN A AR 1 AR I AR 4 Zn WA 5 Zn 8 X o— T By BE PEAT A2 E R
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o MR NATEEE AR K2 EES 5 &R
IS S R AR — R B b Sl AR AN
A A TS S A s 550, X F e SE% BE Cd . Pb Ni
Qb PR, 0H &R HA B AR H K (Kochia scoparia) Bl
P AT A 1 o, B A A PR ) A A4, b B A 8
FBT 3 f g i v T CKG B 180 Cd b B AT MRS &
AR RSN, AR S A BRI 2 P T b ik e
R F AR O i . A ST 3 R A S5
T B A R B S R T S T R
S AL A DR UL, oo A9 RIS 4 S BT A Tl
T P18 2 e G e v B . FErp Rl Ph VR B2 A BS I, W
RATHHA (4.7 d) = e BE 19 Ph WA A2 2F T 0] i 2R
1 1 S B—VE oy il 05 M R AIC , oo— T oy il 0 A DU A
Ph—500 i ik fe K AEL . 55 4 d i Ry Mot & o, 48
7 ANARR . & ZEIE (10 d) i R 5 S Rk,
HA IR IR Ph—250 Ah BT 38 JEUME 5 s ik fe KAA . 136
IR Al A W] 15 2 F B2 A OGE P i 38 7 e iy 26 B0 A
BB o Z AR B PR, 2 2R T S Rl v vk A
B UE R T 3 0 DA R GIE AT Ph P aa T A
W& . H4AJE Pb.Cd LI T J5 WA 50 7 & 1 5 s
J Ul P i X A IR G 0 i IR AT e R, — R AE A
B R W, BT R 0 2 A A ALV E T
AR I SR A e OB RN R T A
T e TR, KRR ) I TR AR L T R EE Y P
Cd AL PR A1 K 22 1% , IEAE IR JEORE AL /D | 15 LA i
FERAR B . Cd W ia 25 N2 B 2 (b A S Pb
[USERN T = EE] 37 i A d P SR e f e
557 (AT PE R T RLA SRR 2 10 d TV
A B E SRR AR, T LR B I, B &
R S0 Cd 8 [0 28 AN . FR ME R, A B R B
Bl E A S RS R IR BRI AT
PERE R O S B—VE #3 WHTG 12 S 7E pH-5.5 I ik e K
B, W &5 1A oo—VE 93 It 7% M R B 5 D) 7E pH -
450 IR KA . R — & FEEE 1Y 5518 (pH-5.5 .pH-
4.5) e A8 L il B B &Y A
B 2T ARG RE R (FTIR) &P A K &
B —IE S H  EREERER AU R S TS
Y| e B ARV S R AR Sh kA T i A AT, 3R] LS
W 53— 5 A (e Rl ey BR 14D, B H ) 2 AN [
ab 2L AP 25 S5 S B FLAE AR W) Ak 2 2H R | 1 2
R H AT E N2 B4 FTIR 8R4
X A A PR AL 2 AN R A B A
21 Hh S 3% R B 9% T ¥ 55 [Glycine max (Linn.)

Merr| A= BRARFPE , 38 2oF 34 OB 2 JE R 45 A L &
ORI N Cr* i o FERAEE I FTIR HE AR 78 1
¥ B ( Broussonetia papyrifera L) i e A3 ok A
WERLF4ER BT ORIR L) 73 Fe A HLY ok
Wi 13 Cd A3 o AR5 v K B Ph—250 Ak 2 0 5

M IR R 2R v DL 1 B SR AR5 45 B, Ph—-500
SEPRF) TR R CRATYER SO SRS
B, AR IG5 X Ph 9P v . ARV BE Cd A2 FHXT A
FR B R AR 20 R BT PR R E ALY
AREHAE . X5 E ARG B, A FE
S BHR V8 3G SR R IR I S AL (B R R 2 R Reta 3 i
pH-3.5 Zb 20 W (R B A5 $2 Tt o o 1 AR HY A 5
PR 25 05~ N AR B A S s & O-H B/ 1
AHLY S HE5E S AT .

KA G R YER B AR AR =
FLAY F B BT . R P Cd 38 T RAEFh 1
V7L 240 i 12 52 300 AN [ AR 3 A A 4, L vl 4 LA TV
NG BORLAR N 23 WAL S AR AR IR B S S TC Y
B R 2L, 0 vt R/ Y PR A U RLAR Y R H
TECEY T A0 RE R 20 i S AL BB ™ R
X5 R AFPE 1 X Ph [P iA T ) T (Typha ori-
entalis Presl) 241 i HE T 45 A4 LSS 1) 45 16 R R T S 257
Xt 4 5 ( Nicotiana tabacum L.)7E Cd I E " #4541 il
i A8 Ak DL K 2ok 39 4 HL B8 W8 /N 22 (Triticum aesti-
vum Linn. ) B~ GCH 4 S I R L AOUL 28 44 PS5 i
R A M RE K A i 5T rh A SR AR 1 B, I
Ph?* \CA™ OB, X 3§ i AR XL P L Cd 75 HAT
TR, HAS AL AR DU B P Cd % B A TR — 2
IBETE .

4 ZEig

(1) BT Fh % 5542 J@ Ph . Cd AE7EA [F] B o B
WA, & 255 4.7 d Al s AT R B o e By
it 5 PR30, X6 P BT MR T AR, BRUE T AT
Pb A A FRYE & . CAALIR & 255 7 d nl i
I, T 2 25565 10 d W2 AT s s & b . ML
C JPr 18 AR o - X6 P JoiR 38 F o 7 B B3

(2) K& 53 Ph> | CA UTRAENE b7 IR ZL AN AL
20 R R R AT R A X A

(3)Pb—250 42b 3 5] 385 M52 s 711 240 e e B Je v I
HIEEAE B W14 8, Pb=500 . Cd-25 b FRA T-4F4E % |
AR R 2 A UG R, DA RIS 5
X} Ph Cd PTsiPE .
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(4RI PR T AT A o i, —E R
512 (pH-5.5 . pH-4.5) I BE $& =1 B & Fb 7 1 & 2o it
AT B L SRR i R E R BTG . R TR AR
H BRSOk 28R 7 N A e 1Lk s & 0-H
B /NGy A WL, FRAE W 0 (B AE pH-3.5 WA 3% .
g5 b A P AR T A R R TS Y T T 07 1 5 b
IEE AR HORh Tl 105 3 ) TR E R B A X
FEAE X Ph | Cd AR PR30 A FEUAR Ao i 1
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