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Abstract

Numerous studies have focused on phytoremediation of heavy metals, but research investigating ni-
trogen allocation in Broussonetia papyrifera under cadmium (Cd) stress remains limited. To explore
the effects of Cd stress on nitrogen distribution and related photosynthesis in B. papyrifera, this
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study started from the seed germination of B. papyrifera, subjected the plant to cadmium treatment,
analyzed the difference of photosynthesis of B. papyrifera, as well as the changes of the content of
soluble protein and cell membrane protein, and investigated the distribution of nitrogen allocation
in B. papyrifera under Cd stress, laying the foundation for ecological remediation of B. papyrifera
under Cd stress. It was found that Cd stress increased nitrogen allocation to soluble proteins in
leaves and cell membrane proteins in roots. However, certain chlorophyll fluorescence parameters
(Fv/Fm, qP, Fm) were changed accordingly. B. papyrifera enhances nitrogen allocation to cellular
metabolism and photosynthetic processes, thereby maintaining normal photosynthesis and pro-
moting the normal growth of B. papyrifera under Cd stress. This study provides foundational insights
into the mechanisms by which B. papyrifera mitigates Cd stress through ecological remediation.
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1. 5|8

YW (Broussonetia papyrifera), FEFHEM A, LKW, HLEHE, | ZomERE/MICT . MR
€, BTG R, X AEA RIE SR, AR, BABEJIRROR, 75 SRR R, DR A R A S I
BEERSGEEMML][2]. MRES RS, HRS M. B WA aHMZHNE3]. MRERSEEEH
B, SEEEMSBTAELL, MW T ZRE S AYE, REERe, & TG, WA 5w sh YT AL
HEVREAR, ORI TR EORE . AR R S B, PIIA 20%~29% [4]. EifE DL “4RELZ E7
PR, B2 16% R A & 8% M )i . SEEML, MWt rEOSEES, AKWR, BSEE, 1
PIMENETE AL R B AR P EATER &, KR O 3200 04 & TR S5 4008 MR AR RAFE KRB,
HEZILAMAY S GRE AL, R B AR IE o X Lot A A M HG 5 1 R B ) R ) o
Aetl, AR ERKIRE T RAREE TR,

i (Cadmium, Cd) & — M A BRI E LR . TIPSR EHEHR . ALIERIR 25 AR &
R R E R 2 T E N E SRS R (S]. H, RS RE N, RS WREYI TR, i
AV R, TR AR, AT & B N ARG FE[6]-[8]. HEMME S HORAE F Ry e A 2 Bl Rl 2
GRS, &R, AR R, TS T EEEEE9] [10]. I ERERS ISR
N sst, MBI eAER, THMEYIERAHEES, SEMEYEKENEEILT[11]. HRKEH
FEW, MR EARBEA IR S EE NG J, PTUEZSFER . histh DL STE DA K, B
BEM. S ZMESE, WUKRENEE T ESEE R IBEARSIN EERF12]-[14].

BARU R R IR 2 —[15], BRI E MY BEARNAKEE . BRESED TR
B KRR, AEEEMBEYENARLEY R, WER T S5EMRE e ERMYR. 7E
HARF T, NIEHE VAR Ny fE7E, ANRE ) BRI H o R e 8 RS N VR0E 8 e - s rh ik b
PEEA AR R . DEEREE) MO B (A NH, « AR NO; 55). ZHAE RIS PAA
FESAETEY T, — T R RS M EIER . S SENAERNRS, 55— 05 e S i i 44
Mo KR YRR S0% T HA1EM, HABBIRM RS AW E R f[16]. #H
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R BC RERZ R OL & 18 S5 R O R A A BT (KE B, P Ar KRS A2 7K 3 e S R 17 e &
B RS IC, X W YRR AR R BORAAE It N 2 FCIRD AT T ORRERE SR . ML AR AT BE B
[P A KEPT TR, MHEERAETTE LR PAR, RS SRS MESRE. HIRZHTA
P8 7> SR ERAE MR (] P A (B CA S AR AEAS SR 3380 TG AR P 5 A RS 0 e 53R 1) 20 P A R S s A
Lot P ot e A H S A ARG R RAFAE S 1 ARSI BRI FU 4R 30 0 R SRR 2 A RO 3
g LA A AR I o AHIE T0R ARD 7 B R A BT U635 7%, SR EAT AL B, LRI TR )
AR ZES, LUK RV R R & B AR, SR TTHIRAERR e T BRI L, 9k
A A R AR 18 B E LA o

2. %
2.1. EYHR
T4 (Broussonetia papyrifera), FIRFI TR E 4w R K RA TE B84 KA.
2.2. HRIEESRAE
HERHL 20 MRAKARBUARBUARE B, JERIREE 60 K, HARIGHRIMBEHE 12 MS B9, RIkbe
100ml, &RV —IR. 60 KRG, 20 AW E 734, 410 ¥k, —4U8W 434, fFPE 0.5 mmol

CACL &, K 100ml, 4 RPeHE—, L3, 14d J5WRE: 55— 200 ARMAC B4, LARIRE RS g
WERHFIRARI K, 14 d Ja ke
23, WEEER
HIR AR N K R L) o3 B, Pedd AR 22 AR R, WBOKARIR TR SR T K 7 R AR 7
BIBTREJE, BN Sml B0 . AR TG, LL 45 Hz B QU BEZ) 2 min AR, f~17FT-80C
VKA o
2.4. HERVESHMZE
FESORE AT FH 1 438 5 6 AX (Miini-Tmaging-PAM, Walz, Germany )il &2 A4 i A b ) -4 38 5 e 240
FEREATIE Z R, ESER A MRERRIEAT 30 min RGN, 25, JERAMIE E B2 H5 5 F~6 Jiit,
D5 1 3 S 2 3146 % H(Fo) s BR 9 JG(Fm) B/NRIG(F) ) K2 G(Fm) FIFRE % I6(F) . FIH R
AT, X PSIL A SEbR T 7= & (Y (D). PSII I4aX] 715 % ETR(ID). PSIT IR M A |EFERUN =1
P (Y(NO)). PSIL AR VE A EAE ALK & T/ B (Y(NPQ)). THEFR AU A K RE(qP). ARafb 2%
K FHU(GN)FRFIE B 6 A 2 K R BU(qL)EAT T (17]
Y (1) =(Fm'-F)/Fm’
Y (NO) =1/(NPQ+1+qL(Fm/F, -1))
Y (NPQ) =1-Y(II)~1/(NPQ +1+qL(Fm/F, -1))
gN =1-(Fm'-F;)/(Fm-F,) =1-Fv//Fv
qP =(Fm'-F)/(Fm'-F;)
gL =(Fm'-F)/(Fm'-F;)xF, /F = qP xF; /F

25 AR ERSENARBEERSENE
FH Takashima %5(2004) /) 75 00 5 AT 1 B8 (A & 2 A4 8 & [ 18]
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o il 0.1 mmol BFERZEMIR, & 0.4 M LIZLHERE, 10 mM NaCl, 2 mM MgCly, 5mM i Z 844, 5mM
2R, 1% (Wiv) B SIS B AT 5 mM A 5 B

o FREUAR. M2 0.1g FEMET Sml B0, RGESE, 15,000 g &0 30 min, #_EiE RS UOE 5.

o EIHEWIIN 10% (Wiv) =R LBR(TCAYEWR, VivE BEWPHES, AR ECATEEES.

o ELLFTRMUTIE R MAEH 3% (w/v) SDS MBS ZZ i, 90°CN#A 5 min, 4500 g &0 10 min,
W bid. EEPK, Yk BiEW. RIS 20% TCA W, DUEEA, FifsdE a4
JEEH .

o VISR AONFRFERIVERRIE IR, R B =ML ke B (& 18], A bauEfiZi y = 0.0071x +
0.0791, R*=0.9723.

3. 458
3.1. FaREEKRR

EXFHEATA R, BRACER P Ja , RO T R AR A AT A SR R 1A (A D), (BAERRDR L
RAFRIAAC . 150 IR AR X 8 BT — S FT 32 1%

CK Cadmium treatment

Figure 1. Growth condition of B. papyrifera
1. BV ORI

3.2. HERRNASY

* Kk
30 — Il CK
%g L [ Cd treatment
1.5%
ns
—_
1.0+
ns
-
N * *:'*
0.5 — * KK *x -
— — —

C LRSS
&G (&
§§§$**§

W *BAREREE, P<0.05; R REFEE, P<0.01;
R RONZEF N, P <0.001, ns RARRERARE. T
i

Figure 2. Fluorescence parameters of the B. papyrifera leaves of

the control group and the cadmium treatment group
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W 2 fros, 08 25 TR U 7 AR IR PSTL AR S B &7 8 (Y (ID)« PSIL ) 48568 L 1A% 36 1 22 ETR(ID)
TEPERAY e K R B (qP) AT Y e b 2 v K R B (qL). (ERRMMNA T, MR IIHI4AR 5 6(FO). PSIT
JEE TP RE AU B 7 B (YNO) A PSIL AL AR AU E T = (Y(NPQ) % LJF, MK
FEFm)FIEFAL SV K RGN A & 2.

33. EY M EAMERSR

Wk 3 pos, fERRAT, MR R E A SRR E R . RAPRIEEEAAE Y E
. SARFRMEAEL, KA AEAR A T B R S R T 45.5%.
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Figure 3. Soluble protein content of B. papyrifera
B 3. MRMTTAMERSE
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Figure 4. Membrane protein content of B. pa-

pyrifera
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5. WWRERE

2R 2% 58 6 AT DL WUAE Y6 Y Re SRR R B DL HHER R R AR RN FLPUE . o477 455
BN TR e S VE R EE AR TF B Fv/Fm B T REDEAE RO 22 [19]. fEIEF BT,
Fv/Fm SRR/, A2 A AE KRR, (A S B Y2 B 5 W ie T 535 T FE[20]-[22]. 7EA
WEFE T, FyR A PSIT B SE bR 777 B (YD) BN Fv/Fm. E4R A T, #98 Fv/Fm 22 T F(p <0.001),
YRR 2 B T ARE, BRBNE R S TR DA ER . IXEMI AR B PRI . FE R A
T, fRESE A A ORE LR, B IR N EE AR . FO FSE N RT e & AR PSIT R S
O tH B AT I () SR B AN 5 10 e IR, T RESR AR R AR B0 0, HIgnER %, Ui
KPR Z A U (23] X S RATIAF L5 R e — B . AR, MRHIE ORI H
SE G, X U0 B TEAR A T YRR AR R RS A0 2 B T RS o SRR F I K R EU(P)
FEHEHAL 22K RE(GN) IR RGZ RO TR AR [24] KIS EDET R mIREIET, e
R RPN F K RS T AR, b= KRR E T, PSIL AR R = FEHUT
P E(Y(NO))HT PSIT AL 5 1 G S AFEHUK &1/~ B (YINPQ) 3 BTt ABJafb 28 K R B0 A W
Ak, XATRERM M ER AT, e T —MaE R, AT T O RERIRI A

W R R AR A AR M S T4 e A r] oy e =K WIVETEEE A ZHRRAS A B R 0 e R A A
wH. Hb, QRS MEDEL SR PAERES ARSI TN, TE4ERFIES
SEREPE AR ST 77 T A4 B AR F (250 ATV MR AR 1 R 048 I S 35 RN 40 P i A AR DGR &R,
2 5R IR G R BEA IR R A . A% ERRE-1,5- R R LB/ N B (Rubisco), LA KGR I8 1% 1 S it
B . 4iMfs s A 2 5 AR ADGRRH IR R EAE &K, HlinmSEY Ll &L — B p 2k
TR R AR B B85 MO T 7 e A g AT AR IS BE 4 53 [26] AT UK, (EARINE 26 1F T,
PRI ml A I B A B R R AR R 2 Y R R (p < 0.05). IXFREE A4 AR ER
YT BB IS R B SRNS, K 2 R SRS FCL e A R FH A G R (WA R () R RE BRI R 4t
(AN EE ) BRI A B 0 HT, X PP R A B A nT 3 5o & R RE 77, i DR 5 Re AR
MM IIZAT, TR SR e N AR A5 (27 ] AEER R, MR A [R5 5 el g
RS FRIZ5E 5% SR, hRIETHE M 8RS E 28877

YR N B R [F R S8 H SRR (NO; ) AL 5 AR (NH; ) FAL N Z O AR A Bl . ARG
TR RN 3 NO; MR, 28R BRIE J5 B (Nitrate reductase, NR)HEALA LR ERAR(NOS ). BHJE, NO,
I R R B N SRR, 7E A R AL S B (Nitrite reductase, NiR)PEA NAZ R NH] o {H#31E
B, AR PR YA B AR AN AR i AR R 2 R A M B R RS, DRI A AL PR RS 1 43 X A
RN —— NH; A2 55 LRI N BRI 323845 . AEAD PR P B AR (NH ) 4 R4k 38 i 19 2 AR g 42 i 1) 5
f: GS/IGOGAT i3 A Fi&4%, GDH @2 4iBhi& t. £ GS/IGOGAT JH¥ T, A Btk A B (GS)F
H ATP ¥ NH; 5482 RR(Glu)4h & 28 A @B (Gln), BEG A2 A M (GOGAT)H Gln AR R a-
WY — W%, EEFERMNDT Glu, SEIVERERBES[28]([29]. RN, AN (GDH)EEME a-FRL —
B2 5 NH; Mg &, %@t F ZAERRIE 78 2 BUY ST e i R 34 e AE (301

KAEEF(NIR. GS. GOGAT. GDH)MIRIAR A SG A Z R RPN S 5 MEe RS
FRE . B 'O VTIX SRS MR, WEATE R R FIHRCE, IRV HE R ARSI E
B IR R B0 Zhu 2RI, 5 RBAACEEA L, 5 R ORI E R T AR S AR
HERIE JRBE(NR) . A 2Bk E & I B(GS) 720 BR I £ R i Z B (GOT) Rl 4 2 R TR R R % 4 B (G P T) (13
PE[31], RIHRTE 7S 2R T GS. GOT Al GPT 3G . SR, 55 i U & 2 FRAR 1 Je e At 5P
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Fr GS FiEMERL AR 1 NR g . teah, FAEEH S it AR A NR. GOT 1 GPT it 5 & & = .
AR A W R SR IR L S R R W IE A OC . IX R T gt TR, R R R v R U R T
T AR I SR, R OO T B A E A AR R T . R R R AR BEETE E
B B R 1 5 S0 AT, AT DU A TE S Fh R EE T &R IR R AT, DA &40 e AR AR FH SR s

ARSI E TR AR R B AR, AR AR I R R A SRR A T E
S0 I AR F ) H AR F SRR DL SR SRR A B, AR SR SR AR A B B R I AR ) S B
AT 5 B0 AT, AR 7R 203 0 0 FL R 40 T

B oW

TR 2 ARRE 2 42(32001289) I B B .
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