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FHEE: A LFE, CYP105D7, AL, WJRFEE, misEA

Research on the substrate biotransformation system
mediated by a cytochrome P450 enzyme and the P450

catalytic mechanism

Ocean College, Zhejiang University, Zhoushan316021,China;
Chengji Zhao

Abstract:

Cytochrome P450 monooxygenases (P450s) are versatilebiocatalysts that catalyze the
regio- and stereospecicoxidation of non-activated hydrocarbons under mildconditions,
which is a challenging task for chemicalcatalysts. Over the past decade impressive
advanceshave been achieved via protein engineering with regardto activity, stability and
specificity of P450s. In addition, alarge pool of newly annotated P450s has attracted much
attention as a source for novel biocatalysts for oxidation. Recently results on P450
engineering for technical applicationsincluding aspects of whole-cell biocatalysis
withengineered recombinant enzymes. Furthermore, we focuson recently identified P450s
with novel biotechnologicallyrelevant properties.

P450 CYP105D7 can use 02 and NAD(P)H as the oxygen and electron
donor,respectively.By establishing the optimal transformation condition and catalyzing
substrate hydroxylation in the presence of three redox partners(Pdx/Pdr,seFdx/seFdR and
RhFRED),the catalytic mechanism has the optimal transformation conditions.

The fusion protein CYP105D7-RhFRED was successfully constructed to shorten the
distance between P450 and redox partner,and to improve the electron transfer and

catalytic rate.

Key words: protein engineering, CYP105D7,hydroxylation,redoxpartners,fusion protein
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W2 5 i T RS (0 SRR AR R 20 P450 Bl . AR — BN ) LA iR PABO0 BEAS- B4
&, T P450 Mg ELHE —AN/NERIR R FGL B U — N B I R IR B R RS AR
(FAD). ITRHL Tl —A FAD-FIEL S 40 (a3 P450 3L JREE (CPR) B BMLTFIR (FMND
i SR, BEAF PASO BEFMIERINIZ, 5 —REEAJE T 1 BEAE T I3 2 i 114
FERLTAE -

{ Three-protein systems
Oy + RH
MAD(P)H ) ) )
+H*
(FAD or FMN) (Fes) (Heme b) H.O + HDH
b Two-protein systems
'[ ] O: + RH
MAD(PH
—
+ H+ ‘.
(FAD e FMMN) H-O + ROH
{C] One-protein systems

0,+RH

NAD(P)H
v D

(FAD == FMN === Heme b} H,O + ROH

TRENDS in Bictechnology

14



Figure 3. .78 PASORGHE A S 2 (138 5 5 B (a) = 2 1 ARG PASOREANIE IR 77 vl VA M SIS & (R (b) R T &
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1 PRI R @ K LBRG 72k, B (CYP105D7) [RIAKHTBH: 7R3, HARN
Jinr:
*® 51 TBEIFRIERC 1
Table5.1The component of TB media 1

A B ik
Tryptone 12g
Yeast Extract 24g
Peptone 2g
Glycerol 4mL

e s 100mL
0.89 I P72 181k
ddHz0 A RIL

B e H 52 5, 121°C, 20ming & KH .

0. 89 Mk B ER 25 ph R EC sl i T -

2 5.20. 89 MBAMRHN 2% M 2H

Table 5.2 The component of 0.89 M potassium phosphate buffer

A E IR Vit =,
KH>PO4 23.1g
K2HPO4 125.4g

ddHz0 ERZEIL

Fedl5E )5, 121°C, 20min&= & KHE .

2) FEJF AR 1 K GDHER 1 T FATBE: 73, LA 7 T

#* 5.3 TBE:FREM T 2

Table 5.3 The component of TB media 2

A E I WK
Tryptone 12g
Yeast Extract 24g
Glycerol 40MlI
KH>PO4 2.31g
K>HPO4 12.54g
ddH;0 ERELL

BRI 2 S, 121°C, 20minE & KEH .
3) BRI
R 5.AREFRIEIN NI AL

Table 5.4 The component of medium additives

HTYE B e/ FERVKSE

IRTF
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gEE AR 100mg/mL,ddH, 0% fi# -20°C
(Chloramphenicol,Chl)
A PUER 34mg/mL,Jo/K LIEE R -20C
(Kanamycin,Kana )
EEEE AR 100mg/mL,ddH, 0% fi# -20°C
(Ampicilin,Amp )
IPTG il 1 M,ddH 0% f# -20C

He B e M, FH0.22 Mm TG B i8Sk I ERR T

Picture 1 ACHlITBR; 774

2. BARE

1) H{-80 C ¥4 47 I E.coli BL21codon plus(DE3)#% 1k i ¥k (CYP105D7-C-Hiss) #1E.coli
BL21(DE3)#4k itk (Pdx/Pdr,seFdx/seFdR,RhFRED,GDH) T4 N i1 () -4 b il 2%
25, CYP105D7(HZEN (cyp105D7) #ifk it %Kik,

2) PRE—ANHEEVE, BERRBILBIU AR FREE T, 37°C, 220rpmid Rk FE14-16hiG 1L

3) H%1: 100EFN 2|5 1L TBR IR 2L =Mt , fE8FRHl; TCYP105D7, & [njHs
FREEHRIN100mL 0.89MBERERLE PP, 24K H0.475mM[1IFeCls » 6H207R R, 249K
£ 50.2mMF5-ALA, HAINELHI50.025 (v/v) %HITHEITCER (250 n L) &K 100
ug/mL [ Amp, &K % A 34 u g/ mL [IChl, 2K AN 1mM K 44 K BL. T
Pdx/Pdr,seFdx/seFdR,RhFRED,GDHIX 4625 [, TFIERFFRHE PN E 100 1 g/ mL
I KanaBl & &K 2 9100 v g/ mL AIKana K 9100 v g/ mLIAmp, #RJ5H 37°C,
220rpm & T 5595 2 0D600~0.6-0.8;

4) A FiREEFR SN ALK ER0.2mM  [IPTG, [EIRF, 5CYP105D7, JEAEMZ22°C,
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X+ Pdx/Pdr,seFdx/seFdR,RhFRED,GDH, i £ [4 £16-18°C, 220rpm, i 520-24h;
5) Wi, B0k fF: 4°C, 7000rpm, 10min; WEESEEFH BIE, SIFRE, FRI0E-80CHk
7o
3. mE4k
1) RfRZZEMW (Lysis Buffer) (pH=PI+2, pH=8.0)
EIE 3 TN
Table 5.5 The component of Lysis buffer

H G 2 HikE (1L)
NaH2PO4 + 2H20 SomM 8
NaCl 300mM 17.532g
Glycerol 10% 100g
Imidazole 10mM 0.6808g

R RIH e, 4CIRAF .
2) VR (Wash Buffer) (pH=PI+2, pH=8.0)
R SOV R
Table 5.5 The component of Wash buffer

H G R 2 HikE (1L)
NaH2PO4 + 2H20 SomM 8
NaCl 300mM 17.532g
Glycerol 10% 100g
Imidazole 20mM 1.3616g

Vel e rP e 56 m, 4 CIRAF
3) Yeligerhi (Elution Buffer) (pH=PI+2, pH=8.0)
R 5.7V
Table 5.7 The component of Elution buffer

H G R 2 HikE (1L)
NaH2PO4 + 2H20 SomM 8
NaCl 300mM 17.532g
Glycerol 10% 100g
Imidazole 250mM 17.02g

Vel R B 5 5, 4 CORAF.
4) ERZZPE (Desalting Buffer) (pH=7.4)
# 5.8/5 R
Table 5.8 The component of desalting buffer
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HTYE B AN g HikE (1L)

NaH2PO4  2H20 S0mM o8

Glycerol 10% 100g

i £ G LR SE SR o 4 CERAT

K& A EAEAC R AR BRI

i)

2)

3

4)

5)

6)

7)

PSS G M BRAR B T-0K b (B -80°CHUH 5 T 0K Bt , N — @ AR 2 2
MR (R ILEA I S0mL ZHRE D BT WA, TRk 8 L3R5 47 A i
WE, AL b6, BA40min, #5s, 135s, 30°C, LJZE35%;

W P8 S IR I B 10000rpm,  4°C BS.0>50min, YSCEE i £ WA HI50mLE 04, i
AR R NI-NTA (—ALE AN ImL 4245 , B2 T4CAEME 1-2h;

BB 5 E RO £ F G 100mL PR E MR R E A S S AEF, A
400-600mL¥E L PHREAT Vv, BB B AREE (G250 4 gk TRl
FH— 5 B AP B 22 v e B A A C— 1L I\ 10-15mLE it 2% vh3fk, CYP105D7
HEMAGEREMNAE) , WESH B REERGERIE;

WL I 25 R R BB N &St LA X 43 F 8 (kDa) IR #E1 T4, 5000-6000rpm,
4 CEO—ERTE, [AIERRET, BHA2RY%E 2N 1.5-2mL;

W4 I R MR A 2 PD-10 Bt £ A HH g AT I 28 (AT F 25mLB Sh i Ti-v- 4D, Bl
S P 6 22 ph g dE A7 I 26 5

SEEMEERHRES, 8100 0L, WEBHAAE, -80°CHETE.

Picture 2 Ni-NTAKEE UK EVRGRZZMR. HEAR. Vel o Bk ot ke

4, BRBBE BB (SDS-PAGE) K ICYP105D7RIELK

K AEiES AR PE Yk (SDS-PAGEFEE HLPK) , [AIIF S FFlexiRun™10Min. Premix PAGE

solution[IGO20] PV, FLii12.5%IR LI 7> e, 5% IR ARRE . o, B v iic /7
BRI
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1) 5*SDS-PAGEHVKZZ MK
# 5.95*SDS-PAGEHLIKZZ MR 4Lk
Table 5.9 The component of 5*SDS-PAGE electrophpretic buffer

A E IR WK
Tris 15.1g
Glycine 94g
SDS 5g
ddH;0 ERZETL

2) B H R O
® 6.0% L e LB ALK

Table 6.0 The component of Coomassie brilliant blue staining fluid

AN E PRI A a2
. 45mL
1 "
2y 10 mL
P8 "
e 0.25
H L ER250 8
ddH>0 TEAE100 mL
3) Mt

6.1 AR

Table 5.9 The component of destaining solution

R B FRIR g (A
. 30mL
1 "
2y 7mL
P8 "
ddH>0 63mL

BARSII B PIRA T
D) ZEERPE TR TR (—FBUER, — R « AR, B
R [ 7 7 F VKA
2) FCil12.5%MPAGE, % 10mL% B, HU6.25mLFlexiRun™, Ji3.75mLZ&HK, FHiN
A10 L ZMWK, FFMAL0 u L TEMED, FAEHFEMEEIAL00 v L APS, KRR
RS fE, AR PRI B (R 5 HH i v B e AR LTI 70-80% 3 5 (28 VR4 IR T EH H 1em )
ME) , ABBER LES —HELK, DR,
3) MENBREEAIRES, BH5%MRSEE, B2.5mLFlexiRun™, J17.5mL Z&1#/K, FHn
10 v L TEMED;
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4) FHEKE D BRI _E BSR4, WSRO E S, i fE2820min
(=FJE25C) ;

5) FraliK, FER 4K TR R AR T, ARG IRET R BN\ 100 1 LAPS, AR E,
SEREN T IR T (R ALS RS BEOT RD , $i NG ol o= AR S

6) FRRGIIE R G4 E (I RELR20min) , XF/NOHHFR T

7) B RIKEEE, RBEEARGAN, eI L, B KON KA, TE A A
H B R B8 1ISDS-PAGE VK ZZ M, % UK INAEIEA TR TR, B DR FELUK RIS M

8) TE VA I EEARA I 24 FE S A, B /KA #5-6min, ## &4 %1/510000rpm,
B0 1min, T R, FMEERESS T LA, TR EREILINONEAR R HORE S R
9) EEHIKA JLLIFRE120V (BEBRD JFERHEIK, 4B TR ZIRA R 570 S I 7
fRRARET, KHEZ200V (BREUBD , FHREY T 2 2 BRI O R, KT 2
2h;

100 MAVKESE FE) T BN, ST OMNBER kiR, AIBRIRGERR Y, E T
B D AR B L b et SR PR PRRE 2 20min, H Y R EIICE N R AE A 5
1D FIABER kD , BN EBE, TR i, sk 2-3min (5 3000#0
JE R, FIRPERTESE20min, AE20min 5 B AR HE B B, A 2-37K;

12) WEsete)n, SHATMEMHIR, WEEHKEARRIERELRIER &,

et T

Picture 3 4ifk¥k%4i & (4 SDS-PAGE HL ik ]

=, R 5

1. CYP105D7, Pdx/Pdr,seFdx/seFdR,RhFRED,GDHZE F#iASDS-PAGES T
B ITICYP105D7-C-Hisy (153 yBL21codon plus(DE3)) . =XHEJELEEEE (15

F4BL21(DE3)) K&NADPHFE R4iGDH (153 NBL21(DE3)) #ATHRIA4ML, Pellifs 2

HME AW (Figure 7) :

21



K7 Peli g2 mRse it 5 15 208 H i E s o Bl
Figure 7 Schematic of the target protein solution obtained by elution buffer

E: MWEBIAEMWIKCNCYP105D7. seFdR. seFdx. Pdr. Pdx. GDHAIRhFRED.
o R e 5t 2 b e i A B ) B VS O AT R IR dE A 2, A B Ak B A,

SDS-PAGE F /)&~ 57 (Figure 8) :

& 8% HFRiLAI1LSDS-PAGES: R

Figure 8 SDS-PAGE results of protein expression and purification
B AEiAE R I Marker XA TR YL 5 2 T B8 4 fiMarker (10-170kDa) , 45 i44# F ) Marker Y 20T
245plus/ i £ [AMarker (5-245kDa) .
RN AL Pk (SDS-PAGE) Z5 7R, CYP105D74) ¥ 445kDa, &5 fE1E%E
1 Pdx/Pdr,seFdx/seFdR #1 GDH ¥ 7 (1) B fh 2% 4f7 73 T & 5 12kDa,46 kDa,20 kDa,50
kDa,30kDa,RhFRED {7 [ B 4% 7 43 78 N35.7 kDa. A4l BE R, WA 2 R A R RN
T4, RTINS B

2. CYP105D7& SR IG5 Hr
Y (1 K PAS0 55 [ /2 PASORE 2 1 (1 B 2H 4, 7EHE/NPAS0 T & R A AL BEIIEF .

AN AL 2 PASOA PIFR R . B AL AR R Y, Y A T g 8 X e i A = A~ FE0g, 78
570nm. 535nmAl416nm, ZrHAHST a g, BgE, vk,
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AT EARESIPAS0EE 1, HRBOL I R EGIE/E420nm A 47, 4P450%E A4 TR
RS CRPJERR AL =0 =), AR A HE 50 MC0%5 4, JRRALT416nmAib i
R R, A — ML T 450nmAb RIS . A PASORE L&A1, NI 5CoZ&EHE
BYHREGETRE/E420nm, 1GHE450nm, K B G PASOBEAS P 78 SE6 i f vp RS o0
5, A A3 T EECYP105D7-C-His & MR IO (B 10) -

K 10 CYP105D7 ¥4 #MR I ]
Figure 10 UV absorption spectrogram of CYP105D7
T EASEFRREMWIRANICYPL05D7; IR ALLFRRMANE AR & IEFERAICYP105D7; 3K
SRR FCOSEEJE MR AMRIBOENE . $HE AR ARG TP450 5C0% & 12 ik

SERKE, CYP105D7-C-Hisit FEAMRAS I A7 T-4 1 5nmAb A B R e Canfsl 10
RS , IR R FRE AR R 5 & 5 AL T-409nm, [FCOJS, P24 — M T-447nm
Kb FRVRFAE RSO, 2R (1 M e BMIR E iE . 12245 FAEBICYP105D7-C-His i B IEH, W AR
HATARIME AL SESS

PO, scISfUEREEd
1. K&
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Picture 3 il E Ik K H

Picture 4 #iF & RINKE

2. HEIER
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Picture 5 [HIRIRFHIRIK

Picture 6 &iRR% 4%

3. A
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Picture 7 fBii857E48

Picture 8 7 4URHOAEAFEAN
4. BRAS B GERAEKR/D)
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SoRvAaLL

Lynx 6000

CIENTIFIC

Picture 9¥&HuAVEE Lobl

Picture 10 ZEER WHEHE O

5. EEMAN S TRENE
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Picture 11HL¥KAX (JY600D)

6. I BpHE

Picture 12 MEHF#-F0RI % 55 HPHT
T BRI EWRBEN E
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Picture 13 984T W4y 606E 1T (DUBOOUV/VIS)

2. MEANBREEHTHIR

SR E LS G TP A IR R A, AR T R AT R, IF AR AR R A i A
HRERAEA 2581, PRERKIEIEEGE B, BEECRIEN, —JHaEiLS
MERBOCRIEAE, MEEIRH . AR PR I 7 AR, oS AT P AL
BRI AT G, WX IR SEIG AR R R, A RUR B IR T B A R

FER QAR G 1R AF AT LR BN TR E I AGH, F— RO R IR A A 2 18] %
AT USRI BRI B ™ 1, 22 RUOMERL T AR SRIR AR AT T, SRR
BSRGEBCTT, OAR, AT A AN B S S QAR A AT TSI (R I S PR AT, FRERAAH G
RIX AU RIS EYE”, ML R)w 17— B a2 5, RSO 7R AU 1 30 BLA A
%, ARIEEIRE T

FURGORAE Z AU AR I AT S8 A R m 3 “ O PR NS, Z iR, B8 %
R, AR 7P, IR AR B R B R, TR, AREREHA Y
ez e 7, ARG IR—in] DAREEFA e i, BOR ST BLX A 2 TR, BARAE
o T HIBRAZE ARSI I, A7 ) BRE™ g U e AL URED G IR A o “ 1My HLAE fed)
JURE, VRS RIEIFH, RIS RIL ) LREINBR A E8) T, EJUIREAEIRAR A R
BEA AT AT

Wr3%, A RORBAGDS BRI IR R, 23T O IR B3RS B AR . i H 3R
S8 CARTUR S8 255 5 B SN 4a s 3 AR T LR A LA 1 P 22 B ST ST SR IR DT
SRR RAENSE . IR ENFZ 2, RZFHMERTHEILFRILRIT, e —
YRS JE TSRS, IR RE RIS, 4R e AR .

TREEIRD], FFEEAMFREI PR B UUE, RIT R A — B2, Rl
INERRFR B O — A SR EEE R AR, R B SR AT .

RIGHAE)E, A “AERGIBEE R, KRG EERRE, RS
B, KA ELT 7K G B P EB R RS .

FE AR LE T PR O GIREIONL S, BONOE I, LB T 2 1 58 ik
THAE, FH CIXRERELLRSESR T, RECERIETE BT SRR B RIE R A
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wIE? 7 AR .

Picture 14 8% GH#EEEF I

3. WkEAL

DR B A BR A AH — e S A ORI PO AR R, AR AR R 2 B I A S K S s o A
A AARSL R NERA, DRSS AU I T8] 2R L2, B 73R EATR A 2 R
Bk,

D RS S EIRT S A AR, s —— R —— = =R

W, RAKF I AR AEKI =, SR E M, RN R A RIEZIEIRANE i
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2)

3

4)

5)

6)

4.

RLRIARTE, F5 W AUEROR B B LR, — R =K, ZRTESCIRIREZINY, £
SR 2 MBI (B S5 AR (R 00, ZLERAT MU SEIR R, A IRt se ), JUIA
TR W —R AT BIER.

PREEGHANA0 o SCEGH 7 MK ARAL, R &P, RER w7
R T2 AEE M B2 R, R R TR NIRRT B RN, g
—ANRI, AEMR, AMUEE] T RN, EER] AR JT SN

AT AERRE 2 5] AT — BT E N RTRBUR 32 1E S0 RN a8 21 AR 2 i) R 5 22
PN B Ol (PSR, b R GORR E R 1

KA RIS URE b, A WA A S AR SRATI (] BR ), (ELAESERRSEIRIT, 8 H N5
JE—ANSE H Y, R 2 A SRR R, BRSSO EERE B CORIER . SEiR R
VR BRANI (] 22 He 7 2 H C R .

I3 A S5 48 SR AR RE SR 06 I R N RS A VR 2, (AR B R ik, EE A
JS B A 5 A S N T R DR 5K

FARI IR AP A AR 2, (H R B2 7 SeBl— e B K, SRR AR
M ETZBevh— R BRS80S i — P @SBRI B

xitEallk SE ST R

FE AR SERE R Il F 2 A IR TN B M o LR 2R SRR, £ 20

Ny

RS2 IR P AR AR A R R — DN EREREAT 52 20, TG IR A%, JATAR Y IR
AN %, B —MRE TR B A B IR, U SR BT — ek
RN PR, SCRENS B8 AR SRR TS A RN R AR R L Fr s — R SR8, A2
AR Z PR /NS T 5 3 ARG, £ 20 KA [A) BLAR e = MR ALK A e, X
FEBERENS FE S 20 KA SE ST [a), BAERS S KA 22 BRI, T A R 2 0 B ARTE T Lt 4
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B RINF LM E

it BN A ZB Rl Seie—— R 2B RAIR . DX RIRERE
W LR, JHENR

S

AR RAR B B /N T Smm (ORI Fr o 214k, SERNUINERSE I SERR . 85k, BE
RS B3R 1 R G AW R B, ST RO T I HT RO = R — TR
A AR E, KT HEER T SR T 18, AMURERHE 4 [ 15 8 0 A1 LU B L]
WEBT T, KT REERARE . FULE ., EME B mat T4 “ax$m” 1
B

Rlt, ZEFEA SR, DI —Tr %, JFUMIIC Bt DU R AT Se Bt Ak
— 77 T Ay B REAE S U0 2 rho O R S HAR BIURAE TR B — NI AR, A2 5 I SEER T
St o 55— 75 T A B REAE BRI AR P e A OD BROF IR G B, MR RE RIS H R
Ko

PS5z
WERL, FEARUE, SREBGERE, Bk, ROERRSE, ROERRER

The experiment Of micro plastics in Gouqi Island——Reflect

on cognition, classification and operation of micro plastics

Ocean College, Zhejiang University, Zhoushan316021,China;
TANG Zhijie

Abstract:

Microplasticsare general description for fragment, fiber, film ,pellet of plastics with the
maximum diameterless than 5mm. In recent years, with the put forward of concept and
micro plastic’s harm were found, research on micro plastic has gradually become a hot
topic at the moment. And, the research of micro plastic in China began in nearly five years.
Not only the content distribution of the micro plastic and the influence mechanism is still in
the study, the collection, pretreatment, qualitative and quantitative analysis of micro plastic

are also contending.
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Therefore, based on the existing literature, | set to choose a scheme with GouQi Island
mussel as raw material to carry on the practice operation. On the one hand the hope in the
experimental process of micro plastic and extraction operations is to form a preliminary
understanding and to lay the foundation for later experiments. On the other hand, hoping
to improve the relevant steps in the process of operation and put forward improvement

ideas, provide a reference for the later.

Key words:

Micro plastic, sample quality, process, visual inspection method, classification,

5. SENAER

—. AU ER FH B4R

1) [EEERHH
BRSSO B LA BT R -0 7K - JE Bh- B 75 K -EURE

R KEET2 520 . B LT ARSI RE L, B R K

2) HIBHE (HIBIHREE)

BRELIR 2ERAT (10/25mL) —Kedi « /\ 7 e BIRELK A <\ 7 - R
R

OBMAET: WIS SIS ES, B E DR MR T, Bk,
@B TERMGERIE L HURA T AR TR (R B RV P
@BWG: TER L R s A AT 8 % RO 8k 4o 15 e

3) B

BRI L B B S AR LI HL-T HF A8 AR R

R

RS 1 %7 LA ST B R 5 e 2 KB R P 1

@Bk R LR, e AR P 5

@LEHG RHOLIE B s, BB RIS, WERHIR N

= TRREBRAE, BRSBRFEE, RLERBER
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1) SERAR:

Mussgl take-yut of freezer
DRC B 10%KOH Vi 1L Hasdyrs "
@EX}H\LD\JI_\I Wﬁﬁ#ﬁ 1h E ’ % Remove of the shell

Take — into conical flask

;F;J—\»% 50g ﬁﬂu)\ 50mLKOH Added 50 mL of KOH 10%

150mlL 1
NAD I
{ﬁﬂﬁ Heating at €0'C | \

N = e Agitation magnetic during 24h \
®150rpm, 60°C F &% 24h [2\
@4%*¥§3$§%§%Y&Fﬁq’ Transferred to a3 125 mL
separating funnal
EP %%%_ 4h Sedimentation during 4h
z Fraction A in
: 0 5 Evaclicn & iop: top (50 mL):
®HNE 80-90mLE0%KI J#ifzcsonnien 5,;____\ / Resoveryin s
Solutk fter digesti

?ﬁ d:nussl'oyms‘?!eﬁg-g miDn' e ‘; — 3
O LIHFH A % 50mL =n

==\

-
'f% ﬁ H 7% EX T }% ﬁﬁ ﬁ-‘ %’ Fraction B below (10 mL): ‘ - :

Take-into a separating funnel

10mL, I 20mLKI 3E7R Added 20 mL of KI 50%

Sedimentation during 4h

AT, TN S b i B CH L I
4h | e

@H LW A20mL, {547

TA
@3 € i (8um JEMD

OFATG RIS

2) KR

(D50mML10%KOH ¥, IN#E 24h

Experimentalconditions Remainingmusselsofttissuesaft
erdigestionstep
Reagents Contact | Heating Porosity
\olume Agitation % mean + standard deviation
(h) (h (nm)
(n=3)
20 24 2 No 5 0.455 £ 0.010
HNO3 50 24 2 No 5 0.425 £ 0.025
50 0 24 Yes 5 0.768 £ 0.126
20 24 2 No 5 0.225 £ 0.009
KOH 50 24 2 No 5 0.092 £ 0.026
50 0 24 Yes 5 0.064 + 0.015

FERT SR & B, BATN A RN HER T A Y AV AR AT RE. BRI, 253
SEMUG VU R 2 BT, BATR 2R DA AT I A AL ], HERRAEMIA 7 o 100 ARAE SCHk S 36

it % ( Quantification and characterization of  microplasticsin  blue
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mussels(Mytilusedulis):protocolsetupandpreliminarydata
onthecontaminationoftheFrenchAtlanticcoast), 10%f] KOH ¥&, %N 24h FyH:iH
A T =8I0,

QFE 4h CE—VO

HTREYIN & A0 1% 25, IGAERF B — B E 5, KER PP, PE K& T Eidw,
i PVC &+ T EliAS .

@I 50%KI ¥R, #E 4h

20mlofaKI50%solution(m/v;density = 1.55 g cm™), 5 Rt R FH % %, ¥ PVC W T ER A
HER I ok

3) WAL B

FIE R 2T o E Y A TR AR IE A S, IR ZARE. FE). 0 REAFRI bR iE
HOIEARGE— o 0T T IR EERLX A PR FA TR BB BOIT T L, Je Xt AL LA il
TR SRS LG A8 T — AN IR o [ B B Bl DR OC T I S B SOk, — 7 1D 7 i
LT O T TR ROR, SO RSO SEER 25, Ty H SRR B AR SR AL

1) TSELe-wiAab s
O 506 112 AR5 *2 (-800 ¥KAE), 1h kAL FE;
QFEWAE S AR % 50g TIMAARZEMHETZ I (GX1; GX3), &I 50mIKOH ¥ ;
@E T 150rpm, 600 MIEH#H, Ei 24h;
@A i o
s AR S AT — R SRR R JE K S R K (GX3)
JEDH: fREERKB (BOASARD; £ S IRATI 5] NSRS
ff T 2 AR I G R A AR R A SR BB PR BB S K B T 2
2) WER-2
OMIRY 4R ECH RS e AR (REEBIEARS), (BT 75 5 e 75 B i AR % 8% s
@R % 125ml 7pils 2, B THRAEE L& 4h,
O@WLEFER 1. 2 (5 E 50
GX1: 22, HFEBRZT HER, LERBEEIR;
GX3: 4 JA( iEW-IiK- LIS MR), IEREEE, RS — R R
@FFERE R R M, JENG RS PR T E R4 50ml;
O LIHMEHRTH TR, Wirhres, & /NP IRAZETE 40 UKA;
®MRCHE 50%KI1 77 (1009,200ml 7K, BN R JZVEWH a4k SE 0 HRAE 4h;
OMERER 1. 35 Z 0
GX1: 2 )z, LiEWERD, HEAWHE, FEEEEER:
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GX3: 2Jz, #EME, HEWRZHEZT 1, LiERAIEGEIRE,
OZ M Tie SR:F i
O T4 b LIS GRS, W THEIEHE 7T B3] GX3 (KB4 Bt
BIRT GX1 (KA,

1] 3«
OFE R 22 57 50K 5
O b I RE R BN A R FR R AR LE 5 SCHR A 22 0K AR 8] 22 57 K
JE A
O 221 RER AR, | SAAG O ERER: EWAHARELE A,
@GX3 FEM AP RERISELL K7 MRS RN E, FEARANRZER (BIHEEMERD;
OFMTRERLZ, BEGEEASR, HENEASSE, SEREG P EMHIURE20H AL,
LAy EAINE, &R R AR K
f s s JRIEET BRSNS . R IR TSR B B (A PR T S SE

3) -
1] -
O BRI IER Z fEFE N BB R S NBR AR ZR, HUEIE 5 5 A7 2% R
@i YRRV K 5| A UE A A B ZE AN 5y SR A5 4
fip 7 3
ORZJGEMATARIEIE, Z )Tk pugds: 5 SRR s, KA mE- 5 2R
DEDEEL T EE LS Al B AR T o
QAR A LIRWRE S, S ARG HBOE B AR E (10-20mL)

U, ERRAE —GX1, GX2, GX3

FEb BRI B IR IS R

e

L

GX1 | GX1-1
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GX1-3

GX1-6

GX1-9

GX2

GX2-1

GX2-3

GX2-6
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GX2-9

GX3

GX3-1

GX3-3

GX3-6

GX3-9

. RABLE—REHFELE. 37 EHLR
1) REREERE (BURERFE: 109,209,309,40g B H LA

DU R
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Q¥R WK, FE 4h;
OMEFE M E M (OWE Bk IK2: 10g,209,309,409):

@RI 3530 50mL PRA7 FHEF I

OWHELT Z MR 10mL, FLE 80mL50%KI (40gKI1,80mL 7K), Zr AN 20mL iR J& 18 51 %
B THEE M ah (Hir 10g #E00 T EBAAASS 10mL,  FlR B EIEHceh 2 )
OMEERE S 2L N B4k 10g,209,309,409):

O LB BT e DA i 8 I 10mL _EIEH,  5 2 AT i) B RIR &
@M R LR FE S I PE R OANE R KIXZ: 109,209,309,409):
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2) e REIR LN
K BB L P TS _EIORE s 0 AT SRR B PRI UE A 20mL B, IR

7N~ SCHERE B

4. LRER
1) MEMGHER

2) SEBHERE-RBHR
LS HEE

@RI IR

ORI F
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I\ BAERA

1) EEMERRR

TE BB L ROER T PE SR IR, W LA BIAE 58 — MR AN R o &2 (R R 8 72 S 1035, B0k

FEUL 10g HefEo 58 IR MRET, Bk 40g FEMAL, HARFES B G ELF, JLHZ 108 #1

20g FERLENCEE T AR RIS RN IS, AL R CEEUME T I,

XA B 38 G h BT 0 KT 2 DL i B AT (R A& T 10g, 20g, 30g FE e HE—IK

SIS, B 10g RES AL, HARFERIEEI A, X RUEH KEMN S E BEE FZHR

P, XAWAATEE: 1 RS KOH EAE R 2. 4h AR RAERF BN (EARYE R AR

RRE, 10g BES 407805, 20g REAVEUT, 30g FEML S 40g e BB 6B AN . BRI,

TEMHTSEIOEE T, RERE KMRAL T HHBOE & (G DUTT & ROZTE 20g i 45

2) EHRRBOT GIEP @A M, EMERARTREH 10%HCI &
e, BOKMBE)

OFREUE I ARER20g R 1hJE, FT4EmE. JRAD

210%KOHA#50mLYES], 7E150rpm, 60°C F7Ei%24h

@A 125mL iR} 5 & 4h

@ L& A £ 50mL; R Z#iAk B ) 10mL

G 5. 50%KI1 % i+10mLB #: & 4h

® LiE R A% 20mL

@ _EIEW AT ORAE T b, R 7R R

@ HMRITUE: 20mL/K

OUEMERE I RAT: . BOLRAET 4CUKH

3) Bk
OF S
IR IR S5
S KU 7 v LA
A P S f“"‘/ N ‘ﬂ‘“/u‘i A}
s fiior gk

H ik
JEPIRERE | AR SEMSE | AUETH. ORBOL. UL, BEUEM. MEEM. DR
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RUR. AR UAIREE R

Ak ik TREUSNG . WETG BB, Kok, NERIR. BIRTE
U, LA, (It . 6. i, G, S, W
i \T‘V
e L N
R BRI . T SBENEORL . TRl . Wk
< Epre ORI B . AT 4. SRR YRR, R, BERL

INER
Rl B BROIE. Bl Jel) - BEOH. TR
“HRL RS RIUR LG

Ry | LA

TR TSR SR TE DL AR AN L 22 5 2 7 SR HARE R, (AL,
WA RN AR RS OF JeB a5 SRR BI . [R50,
ISEIGAE B RE AR A, B R 53 LR H I
OHEBRPTA LD AL FFAE R T RE

QFEMERIR L UENEAR, FERREZ . JE58, WA RERAMIRTYE, BT LUIFR;
WL ALY, U PR A& T 4RSS —

@RURLIA T ZBE T, AR FEIY 5T, 35 ORIy B W D 75 ) SE R AR A B eiiade
FOCFRC RIS -

MR e R A, AESEN T ISR, f R E I N .

4) HESERTEHESR

OF

Eagen S,

"

FEARSEMI B ECT, sEueE (L) WRWIRIRA T BRI IEIER (A , XU E
UTESON

OMIERIRA. HE

E[F—FEdn s MFERIEARRAE T Cn10ghtdh, 20mL) , FEERIRALZZRANVK, AL HhiEiE
AR E S, ARG REE I 2 2 T B R IE IR .

Jus SEH I

1) BoEEMRGEE;
2)  BRIEE I W B T

&
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3)  AMUE FIEMRRECT R (SRR - R SR i, RS S R B R UK
S ? )

4) WG HIEL S0mL EIEW A, 10mL FEWAR B, 20mL EiEW A, SR E 5
B OB R R? ERHZK?

5)  BER R A bk G A R B B AR R, 7 RS R G it

6. MEANFWEREHEHTHIR

FESRIGIIAE T, A IRE T ENRBRMIN 2 7 H 15 HIBZIMRIE—3ik s . Xk
B SRR 2 R TR AR IR E )L, ANERRTE TR T — AN S A, B
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