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DESCRIPTION CN118894603A

Methods to enhance cadmium accumulation in duckweed using dopamine

MR ZBRIE R HRIRRNG A

[0001]

Technical Field

ARG
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[n0001]

This invention belongs to the field of phytoremediation of water bodies containing heavy
metal cadmium, specifically relating to a method for enhancing cadmium accumulation in

duckweed using dopamine.

KFERBETEVEEKEESBREATN, BERESR—HFRS ERIE T ERIRRNT

o

[0003]

Background Technology

BEREA

[n0002]

Cadmium pollution in water bodies poses a serious threat to human health and the ecological
environment. However, remediating cadmium pollution is difficult and lacks effective

methods.

KA R BRI AN RRNESIME, M, BERSREREXRBRDBERSGE.
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Duckweed is characterized by its wide distribution, ease of acquisition, and strong growth and

reproduction capabilities, making it a potential cadmium hyperaccumulator.

AN/, BREMEKEERIEFRR, SEENRESEEY.
Duckweed can remove cadmium ions from water through a bioaccumulation process. In 25L
of untreated industrial wastewater, 200g (fresh weight) of duckweed (Lemna gibba L.) can be

removed.

A LB EY BRI R AR ETRRE £, E25LRENENTIEKF, £KAI200g(8+E)
¥ (Lemna gibba L.)

Under greenhouse conditions and natural light for 21 days, the Cd concentration was reduced
from 0.74 mg/L to 0.071 mg/L, demonstrating a highly efficient cadmium wastewater
purification capability. However, the treatment cycle is relatively long, and the cadmium
adsorption capacity of duckweed needs to be improved. Therefore, finding methods to

promote the adsorption of cadmium ions by duckweed is of great significance.

EREFH TEZBANARR21IX, BCAIREMO0.74mg/LFFEZE0.071mg/L, BE&EMTEKAL
BEFT, PATMIZAIRRAHAIRK, FERMBEENBRFRA. Hit, SHEHFFRHRmEFNGER

BEEEX
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[0005]

Summary of the Invention

RARE

[n0003]

To address the shortcomings of existing technologies, the present invention aims to provide a

method for enhancing cadmium accumulation in duckweed using dopamine.

HNWBRANTRE, FmARHBENETRE—MAAZEBRIERFHRNRNT A,

[n0004]

The objective of this invention is achieved through the following technical solution.

RPN BREED TR TR T UK.

[n0005]

A method for enhancing cadmium accumulation in duckweed using dopamine includes the

following steps:
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—MF RS ERIERTHRIRRNG A, SEUTEER:

[n0006]

Step 1: Add dopamine to the culture medium to obtain a culture solution. Cultivate duckweed
in the culture solution for at least 23 hours to obtain pretreated duckweed. Add dopamine to
the liquid to be treated to be adsorbed with Cd<sup>2+</sup>. Add the pretreated duckweed
to the liquid to be treated and cultivate for at least 23 hours. The dopamine concentration in
both the culture solution and the liquid to be treated after adding dopamine is C<sub>i<
/sub>. Make C<sub>i</sub> take different values. Based on the phenotype of the pretreated
duckweed after cultivation, determine the C<sub>i</sub> corresponding to the optimal
phenotype after cultivation when C<sub>i</sub> takes different values. C<sub>max</sub>is

the optimal phenotype after cultivation.

TR, BEFEFMAZER, [REEFR, FHEEETRPERED230, [EMOETFE;
R Cd<sup>2+</sup>BIFFRIBRIFFNMAZ ERE, KIMEFIMAFLRIEREFIERE
D23h, Hip, EFRMMAZBREFHLERAFRZEBRIREINC<sub>i</sub>, fEC<sub>i<
[Sub>EXAREME, RIEFIIEF S HRVIEFEREME C<sub>i</sub>EX R EER RMIEFTEREFTY

[ZAJC<sub>i</sub>}C<sub>max</sub>;
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[n0007]

In step 1, the amount of duckweed added to each 1L of culture medium is 3-5g, and the

amount of pretreated duckweed added to each 1L of liquid to be treated is 3-5g.

TEFMRFZ BEIR, SILFTREFRPIMNZFREN3~5g, BILAMARFAERARINNTIL IR %

HYE f93~5g,

[n0008]

In step 1, 0 < C<sub>i</sub>, preferably 0 < C<sub>i</sub> <500 uM.

EFFRLELIF, 0<C<sub>i</sub>, fi&£/0<C<sub>i</sub><500uM,

[n0009]

In step 1, the phenotype of the pretreated duckweed after cultivation is determined based on
the root breakage rate, and the optimal phenotype after cultivation is 1 to 3 with the lowest

root breakage rate.

EFMASELIR, RIBFIRRHETIELINIEFERE, RUIEFERENIRERR/)HI1I~3

AN
Mo
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[n0010]

Step 2: Place the pretreated duckweed in a culture medium containing dopamine at a
concentration of C<sub>max</sub> and culture for at least 23 hours to obtain duckweed

ready for use;

S22, BMAEFHFRNEEZEBRIRENC<sub>max</sub>RNIEFEPIEFRED23h, ERIFHE

BT

[n0011]

In step 2, the amount of pretreated duckweed added to each 1L of the culture medium is 3-5g.

EFMAS B2, SILFMAEFEPINTIEF ERE N3~58,

[n0012]

Step 3, Formal Treatment: Add dopamine to the liquid to be treated (Cd<sup>2+</sup>to be
adsorbed) so that the concentration of dopamine in the liquid to be treated (Cd<sup>2+<
/sup>to be adsorbed) is C<sub>max</sub>. Then add duckweed to be used and incubate for

at least 23 hours.
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HIE3, EXE: mFHRMICd<sup>2+</sup>BIfF M IBRIETIMNZ BRE, LB
Cd<sup>2+</sup>HyfFh IR A h 2 BRZATRE SoC<sub>max</sub>, BIMAFFEREE, BEFRE

‘123h,

[n0013]

In step 3, the amount of duckweed to be used added to each 1L of the liquid to be treated is 3-

5g.

MRS B3R, SILFMARFAIEREFMANGERFERNEN3~5g

[n0014]

In the above technical solution, the culture medium is Datko medium.

EERRARGERF, FrdiEsFEIIDatkolEFTE,

[n0015]

In the above technical solution, the culture temperature is 20-25°C.

TELERRARGZRF, FrdiEssrrRE20~25°C,
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[n0016]

The use of dopamine in increasing cadmium accumulation in duckweed.

ZERAERSFIRRBEFNAE,

[n0017]

This invention discovers that dopamine enhances the cadmium resistance and cadmium
accumulation capacity of duckweed, increasing its cadmium accumulation capacity by 30%,

thus enabling it to be used in the remediation of cadmium pollution in water bodies.

REREIZ BRIGRFFRIMMENIREREN, EFHRERANER30%, EHASNATE

B IKIRRISAAITLFREE ST,

[0021]

Attached Figure Description

Pl 352 R

[n0018]
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Figure 1 shows (a) growth status (scale bar 1cm), (b) root breakage rate statistics and (c)

photographs of Examples 1-5, Comparative Example 1 and CK group (CK in Figure 1);

El17sLiEf1~5. 3EEHIIFCKLA (BI1HCK)A(a) EKRR(ARR 1em). (b)BriRERSeitH(c) iR A ;

[n0019]

Figure 2 shows the cadmium content in duckweed obtained in Example 3 and Comparative

Example 1.

B2 A RIS M L FI 1R R F RS £

[0024]

Detailed Implementation

BxLiEn

[n0020]

The technical solution of the present invention will be further described below with reference

to specific embodiments.
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TEESEEAEKEIH PR BAR LRI ATL .

[n0021]

The duckweed (Lemna turionifera 5511) was harvested from a freshwater lake in Xiging

District, Tianjin.

7#5% (Lemna turionifera 5511) 48 B X2 H 78 & XX 7K,

[n0022]

After harvesting, the duckweed was washed with deionized water, soaked in 15wt% NaClO
aqueous solution for 10 min, and then washed 4 times with sterile water. Before use, it was
cultured in Datko medium at a temperature of 23+2°C under long-day conditions (16h light

/8h dark) with a light intensity of 45umol m<sup>-2</sup>s<sup>-1</sup>.

FHERBEEEEFKER, HAl5wt%NaCloKBF®RA10min, BRAXEKER4R, EARE
FrTDatkolgFES, HFFRE2312°C, KARILIK(16htiR/8hERE), JElRREN45umol

mM<sup>-2</sup>s<sup>-1</sup>.

[n0023]
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All the culture media described below are Datko media, and the Datko media formulation is

shown in Table 1.

TiRiEFFEY I DatkotEFFE, DatkotFFrEE KRR,

[n0024]

Table 1. Datko medium (pH 5.6-5.8) formulation

FK1DatkotEF=#(PH 5.6-5.8)E2 5

[n0027]

The specific steps for ICP testing of cadmium content in duckweed are as follows: After

harvesting the duckweed, dry it at 60°C for 6 hours and nitrify it overnight.

ICPENFEEFRSENAEARTRIT . BERFEE, E60°CTFIReh, HLIR,

[n0028]
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In the following examples, an aqueous solution of CdCI_NER15 was used to simulate the
liquid to be treated by adsorbing Cd_NER16, and the concentration of CACI_NER18 in the

aqueous solution of CACI_NER17 was 50 uM.

RGP R ACACl<sub>2</sub>7KARIEIIFR M Cd<sup>2+</sup>BIFFIERIAE,

CdCl<sub>2</sub>7K;&3®& A CdCl<sub>2</sub>HRE F950uM,

[n0029]

In the examples described below, the culture temperature was 23£2°C, with long day
illumination (16h light/8h darkness) and a light intensity of 45umol m<sup>-2</sup>s<sup>-1<

/sup>.

TRSEREGIRIFFFRRE AN23£2°C, KARIR(16hJEER/8hREE), JEERIRE /945umol m<sup>-

2</sup>s<sup>-1</sup>.

[n0030]

Comparative Example 1

XFEBfIL
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[n0031]

Duckweed was added to the liquid to be treated to adsorb Cd<sup>2+</sup> and cultured for

48 h. The amount of duckweed added to each 1 L of liquid to be treated was 4 g.

MFFR IR Cd<sup>2+</sup>RIFRFAIERIAPINEE, BF48h, H, S1LFLIERAERIMAN
HERIEN4g,

The growth status of duckweed at 24 and 48 hours of cultivation is shown in Figure 1a, the
root breakage rate at 24 hours of cultivation is shown in Figure 1b, and the photograph is

shown in Figure 1c.

RIS 24M48/ Y, FHE KRR IMNE LNaFRTR, EEFFHEE 24/ BITIR R UNE 1RYbFRR.
B R WME 1P
The cadmium content in duckweed was determined by ICP (Inductively Coupled Plasma

Emission Spectrometry, Agilent ICP-OES 725ES) after 48 hours of cultivation.

FIFBICP(ERGBRESEFIRARF BN, ICP,Agilent ICP-OES 725ES) 1 iMItE7=48h G132/ E R

AN
= BEo

[n0032]
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CK group

CK4

[n0033]

Duckweed was cultured in Datko medium for 48 hours. The growth status of duckweed at the
24th and 48th hours of culture is shown in Figure 1a. The root breakage rate at the 24th hour

of culture is shown in Figure 1b. The photograph is shown in Figure 1c.

R # £ DatkotFFr & IEFr48h, TEIBFFRYE 24 4/ N F N E RN A INE 1RYaFR, EEFE

H24/ N\ RBTRFANE1RIbFAR. BRFA UIEI LAY,

[n0034]

Examples 1-5

L5 1~5

[n0035]
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A method for enhancing cadmium accumulation in duckweed using dopamine includes the

following steps:

— M A ZBRIERFERINRNTG E, SEUTTR:

[n0036]

Step 1: Add dopamine to the culture medium to obtain a culture solution. Cultivate duckweed
in the culture solution for 24 hours to obtain pretreated duckweed. Add dopamine to the
liquid to be treated (containing Cd<sup>2+</sup> to be adsorbed), then add the pretreated
duckweed and cultivate for 48 hours. The dopamine concentration in both the culture
solution and the liquid to be treated after adding dopamine is C<sub>i</sub>, allowing
C<sub>i</sub> to take different values. The phenotype of the pretreated duckweed after
cultivation is determined based on the root breakage rate. The phenotypes and growth status
at 24 and 48 hours are shown in Figure 1a, and the root breakage rate at 24 hours is shown in
Figure 1b. The optimal phenotypes after pretreatment of duckweed with different C_NER25
values were determined to be C_NER26, which corresponds to C_NER27. The optimal
phenotypes after pretreatment were the two with the lowest root breakage rates. 4g of
duckweed was added to each 1L of culture medium, and 4g of pretreated duckweed was

added to each 1L of the liquid to be treated. The values of C_NER28 are shown in Table 2.
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SR, MEFEFMAZER, JIEFR, BFEEEEFRPIER24h, FEMAETT; [QF
WIRMICd<sup>2+</sup>MIFFMERIAFMAZ IR, BIMATIEFES, 155548h, HA, 1E5F
RN Z BREREFRFMIEREAF S BRIRESAC<sub>i</sub>, fFC<sub>i</sub>EXFRREE, 1RIE
P IEFE RIS S R R B (IRIE MR R A E MR T HRIEFERE, 2448 NHAERIR A
El18aFrz, 725524/ BT BTRZRINE 1MIbPRR) BATE C<sub>i</sub>EX R EMERT TRk I T S R (L1
FERBFAMMNAIC<sub>i</sub>AC<sub>max</sub>, RLIZFERENMIERE/H2Y, &
1ILEFFRPIMNEENE4g, S1LFLMIEBRETIMANTRIEZHENEN4g; C<sub>i</sub>HIEY

{BEIN&R2PA7TRo

[n0037]

Table 2 shows the values of C<sub>i</sub>.

FR2C<sub>i</sub>IEVE

[n0038]

Example <!

Sehtfsl <!
[CDATA[C<sub=>i</sub>(unit: uM)]]> Example 1 10 Example 2 20 Example 3 50 Example 4 100

Example 5200
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[CDATA[C<sub>i</sub>(&8I: uM)]]> S=hEI1 10 SEAEFI2 20 SEREI3 50 SEREFI4 100 SEAEIS 200

[n0039]

As shown in Figure 1, by comparing Examples 1-5 and Comparative Example 1, it can be seen
that the addition of exogenous dopamine significantly improved the cadmium resistance of

duckweed.

NEILFAR, BIXEEEREGIL~5UR Xt EbFI1IRTAN, SMRZ BRINAINESRA 7 F R,
As can be seen in Figure 1a, the yellowing of the leaves was alleviated by exogenous

dopamine.

AILAEELINaF AR, HANELEREINGES BRRER,

As shown in Figure 1b, the root breakage rate of duckweed was 0% without the addition of
cadmium (CK group), while the root breakage rates of duckweed were 21.1%, 20.7%, 10.4%,
6.6%, 6.2% and 7.9% after applying cadmium stress (Comparative Example 1) and adding 10,

20, 50, 100 and 200 uM dopamine, respectively.
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B ENE1RIbPRR, EARRIIREFSEAMRZ 0% (CKAE), MEEIERAmE (33EbFI1)F 533078
10. 20. 50. 100#0200uMZERRfT, FHAIETIRZE557921.1%,20.7%,10.4%,6.6%,6.2%7F0
7.9%,

It can be seen that the root breakage rate of duckweed was significantly reduced with the
addition of exogenous dopamine. The two lowest root breakage rates were observed when 50
uM and 100 uM dopamine were added. Considering the cost, C<sub>i</sub>=50 uM with a

lower dopamine concentration was selected as C<sub>max</sub>.

] LB W HENETIRREINR S BRI TR EZERR, S8 EREREINEAIMNS0uMAN
100uMZ ERZEIRMERE, ZREIRZA, EIZ ERIREERNC<sub>i</sub>=50uM{EX
C<sub>max</sub>,

Furthermore, as can be seen in Figure 1c, the addition of C<sub>i</sub>=50uM (Example 3)

dopamine significantly reduced the root breakage rate of duckweed.

SIMEEILNcRBEIAFH, C<sub>i</sub>=50uM(SEh#Ef)3) % BRZRYRINEZFFR T 7F AR

Z,

Therefore, C<sub>max</sub>=50uM was selected.

FHitt, #EFC<sub>max</sub>=50uM,
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[n0040]

Step 2: Place the pretreated duckweed in a culture medium containing dopamine at a
concentration of C<sub>max</sub> and culture for 24 hours to obtain duckweed ready for

use; wherein, the amount of pretreated duckweed added to each 1L of culture medium is 4g.

SR2, BIMIEFEFRNEE L EKRE NC<sub>max</sub>RytEFEARIEF24h, [EIFERZ

5, HA, S1LEFERMATGETFERNEN4g,

[n0041]

Step 3, Formal Treatment: Add dopamine to the liquid to be treated (Cd<sup>2+</sup>to be
adsorbed) to make the dopamine concentration in the liquid to be treated (Cd<sup>2+</sup>
to be adsorbed) equal to that of C<sub>max</sub>. Then add duckweed to be used and
incubate for 48 hours. The amount of duckweed to be used added to each 1L of liquid to be
treated is 4g. The cadmium content in the duckweed after 48 hours of incubation is detected

by ICP (Inductively Coupled Plasma Emission Spectrometry, ICP, Agilent ICP-OES 725ES).
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HIE3, EXE: mFHRMICd<sup>2+</sup>BIfF M IBRIETIMNZ BRE, LB
Cd<sup>2+</sup>RyfF IR RAHR % BRZHARE /IC<sub>max</sub>, BHIINFHERFE, EF
48h, HAp, SI1LHLEREPIMANFEREINEN4g, FIAICP(BRREBEFE FEELFNIIEN,

ICP,Agilent ICP-OES 725ES)ME 554851 2 ¥ RE &,

[n0042]

As shown in Figure 2, the cadmium content in the duckweed obtained in Comparative
Example 1 was 341.37 mg/kg, while the cadmium content in the duckweed obtained in
Example 3 was 442.41 mg/kg. It can be seen that the dopamine treatment enhanced the
cadmium accumulation capacity of duckweed by 30%, making it capable of being used to

remediate cadmium pollution in water bodies.

i SLAEGI3FIXT EL I LAYICPIL AT &, SNE2FR, XFELGIIFRS N RmE E/341.37Tmg/kg,
GBI EPIRESEN442.41mg/kg, RIMZERMET, BEEREELMEIILE30%, FEHA

BN RATEEKARSHAISEIREE .

[n0043]
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The present invention has been described above by way of example. It should be noted that
any simple modifications, alterations or other equivalent substitutions that can be made by
those skilled in the art without creative effort without departing from the core of the present

invention fall within the protection scope of the present invention.

U EX AR BRI T R BAIMERIHER, NIZRERRIRE, EARBEALBENZONERT, EREENE

2. EEREE Efth A JuE AR A REEB LR RIE S S FREHIIEAN S LA RIFEE,
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