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ReAb AT S AR AE MG K R PR DTAR D 2 B R BRRT (A1 SR S R AT A 22 e 8. SR, ok
FEVRFh IR EEARIR AL B T, DhRe A S M AEAE X & A i A KRR B E R . iR 4
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HUTELHEI <8 . Ren SEMEL TS 2 B R G HFHE RN (q-PCR) MAERERRINFFPF(4 10
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2 SR AR Fr 2 TR AEAR SR ) 7 T T E S 05 AEAKHA A bl 5 T R BT AR 78 7 4%
A SRR IS VR RS, 3 i AR A TP 2 SOE AT AT 280, NATTIE S P o sl AT
RIMDIREALEY. DUREACAT SRIGAE LB 24 . MU TR A BE AR A5 22 U ) R 1) 2
AT Ste ARRBEE KB, DhREM AT SR IR AN T S e ARSI e £, T SRt
ST BE S DA SR AR AL I B R AR T BT B B SR 5 P i
M RIEACPET o AER ISR, 0 SR AR AT R B 70 BB (A1 SR RS A B 2, T
XEEZ PG R CIRE . B IR BTN pH (B4R LM El. A SR At
BHE B0 — 2ok 5T, AR . JEHOR 2R THT 25 1 ff o S5 0 R s Wi LA /K PR 58 o 1) 4 O E AR i
PERIRI R 8 BRI SR & E e 1A SR RIS T . [, Thgtef S0
FERINSE R LT ANRERefR, BRI, B AT Zhae t sBo0 B 8 T Ve A B8 e B Pl BE LR
{EABRLZ 51 AT K 5GE R,

R IER BRI RS, A EPOVFEE I 78I K™ BHEA R E Y B
BFEES RGP W, AL, IS REN RYEIEA L

HEFME, SR, ARG RGPURA R TSR, O R E e 45
RIS T AR o AT FULE SE 00 3 26 1 T BU A AR 3R T, FF R DNA il &I P B8R
BT 5 HEARONTEEAE JTORR W) v 20 AR 5 M T B AT s A AR 12, DU Shse A 80 f e
A BRI RN U

1 MRSk
1.1 ThReAb A S Bl 8 5 RAE

B 0.253 g F A SR GA ZBKRIBEM (50 mL) o, RFBEM BN 4R s
AEFE AT 5 min. ARG PUEIMAR Z —FF (PEG, 25.0199) , 7E£ 25 CF 300 r/min #& K i
24 h, (RO R . B QBEBE 7 IR, DU ZORRN T PEG, TAAR
TR 80 TR 4 h, NHI&13 2|4 Dh et SR Imi.

PRIUE B D e A S0 AR AT IN — 5 B X8 77K, G il K i A 75 )5 i B A5
1 mo/L IR .. WRIBGE & BT i i b, S 20l Quanta 450 PR 44 LT
G4 (scanning electron microscope, SEM) 1 JEM-1230 % &} #7145 (transmission
electron microscope, TEM) #t47R 1.

£ 514.5 nm P EAF R, il RM-1000 £ 26 ORI 1 he A s di A AL A s



(2 e, FE A B AR/ T Lomts SGiE st A 800 ~ 2000 cmL.

% & Refractive index 24 1.333, absorption 24 0.01, #id Zetaszier Nano-ZS90 44K 4 &
e HRL I W SR N S8 Ay SR AN D REA A S8R ) zeta FELGL. GUOKADRIAEAR 22 o (0 73 B Bk
I, H zeta HIAZZEXHE K

1.2 ¥E7K R i O AL 2 K H: DNA HJHREX

SRITEEIR (EZh 24926, R4 118°05) AR (Jb4i 24°35', R4 118°03) AL
G5 bk 24°32', R4 118°10") = IBUE/KAE MR G IR AT (R 1 L) o XS
ZELIFDHE KR SR TE DG BB 1200 lux 2614 T 7235 (FEd0h 60 rimin) 3578, AUINThREA
Sl ACFRATNINE B2 AP DR SR, A HIREEIA T 50 ma/L, HAh AR5
ML . 2 )G, KilgKREs iz —HiE (A 0.22 pm HiEMED , il H% DNA 2
A& (POWERSOIL DNA Isolation Kit) #&HU#E /K 5 ¥ DNA. @it NanoDrop2000 i1
H 766 EETH(Thermo Fisher Scientific Inc)AS AZ BRIV E , ORAEFE i DNA WK JEZ 1S 50 ng/pL.
B, FHEZKAE S DNA 4 Bl 36 5 AR R IR A Rl T il & (514 FR
4 338F_806R , 338F J¥ %l N 5-ACTCCTACGGGAGGCAGCAG-3’, 806R J¥ 4l N

5-GGACTACHVGGGTWTCTAAT-3", ") WHHAFF B 3 MEM - EL .

1.3 WP UTAR MR i i AL 3 e H: DNA 3R

SRTEAR (AEZ 24°26', R4 118°05) AR (kL 24°35', R4 118°03) At
G (Jb2h 24°32', ZREE 118°107) = HUEFEUTRIRE iR & IR R AR TR A8 (FF4E S kgD -
SR TTRIAE S TGRSR B 1200 lux s6 0 F1EFR, FRBEHE 6 1k (B FF& 30
Kb PR ALV I R 7R AL R K T B A A SR, AR EETA R 50 mg/kg, AR AR XTI
M. 2 )G, MEFRFETBELEL 0.75 g BA IS TR RE &, 8T 4 DNA $2H
77l % (POWERSOIL DNA Isolation Kit) $&HUEEEITRYIFE 5 i) DNA. i€ NanoDrop2000
AR 66T (Thermo Fisher Scientific Inc) A MIRZERUK T, fRUEARE T DNA Tt
50 ng/pl. fns CKERPETURUIRE S 1) DNA %4 Eig 26 5 AR M 25 R A IR A = 3T il
BT BRARERIE 3 MEYER.

1.4 Alpha ZFEMES T

Alpha ZF£1% 70 #1145 Sobs 5%, Chao 5%, Ace #5%(. Shannon fi5 %A1 Simpson &
HEEFERARE, RS R LA I 2RI, Hodr, BT 4 ANMEEGECR, Simpson $R%L
FN, FORFER TP RIEE E R, Coverage REURERE S CENE LR, R4, W



A P At O SR BRAIGEIS). Coverage HEHCT I Ml P24 SRl 75 14 B A 1 20
AR
1.5 Rl i e 0 Hr

FiFei 2k (Rarefaction curve) /2 WFEASHREENLAMEUY 51 (reads) . ZEiliXeefr 41k
TR 425558 (Operational Taxonomic Units, OTU) ,  F:LLIHEL ) #5150 B kG A8 Fx,
HARLH OUT #H N bR, eiilihek. Mhigiam FEm, Sy adn a2, 520
ol A = D BRI, 2 B 4k S PPl v e AR B AR A T A
FIRIREASKR UL, 0T 77 MR R A 3= 5 B2 T AL T R T HIREAS
1.6 ThRe i MR K K YTRR Y o 40 T 40 R oK B R

K H E %802 (plate colony counting method ) [W4MG 22 Th g Ak A BRI AL B Jm R o T 48
W IR, IR SRS &

WK RS BUOREFR 2 JA UG /K RE b 1 mL R AR 105 6%, HX 100 pl A6 REJS (R 5,
)R ATLE 2216E “1H (Oxoid Limited A7) L5 fE 37 CRIEEHIR 48h )5, THEA
VEIF S0 AR BRI AT ELAL. DIRUIRE Rl OB TR 2 R OUTRIRE AL 10 g I FIE
A 90 mL % B T /K AIHETE R 5 R Z 8B 78 0 6 5305 » B 1 mL B s Hopike 10° %,
HX 100 i MREE AR AL I ST HUIRAT/E 2216E FHR b 7E 37 CRELI%IR 480 J5, AR
V& I8 B L PR T 9 AT LR

BOEAEFEI AN S =AJAX100%, HoHt ARl Ac 735l 2 7 Ak B 4RI B2 FR) P-4
T AR RIBE 3 NMEYEEL
1.7 S0P RS

FE“TT7 R “J&” 193 2K B X E A T i A AL kAT G vt A, JF il BRI
AL JR& A VR ZH B, B T T /AR P AR 0 v A B P e B ALK = BEAE T e A A 2
i A TR = S KE AL B

2 &R 50T

2.1 ThEeb A S84 R AE
Pl 1(@)FIFE] L(b) 3 A SR A 7 S SEM T TEM IRBSRAELE B, WA e ThREAL
AR R AR, KRN 3-5 L, R B R B I ARRAL,  FIAS AR



Bio Bl L)NEMNA R (GO) MR A S=IG (FG) hiE il RIEL . A BIHN
G WA D W43 B BLLE 1597 cmt A1 1345 e, 1 W) A AT SR 16 G WA D W43 il i BLAE
1588 cm™ 1 1341 cm?. HI TS0 sIE R 70 A KEASLH) C=C W, H G IR I
SR AL B R, OEE E ORI, [ 1(d) AR B (GO RiThfgfha
I (FG) 1) zeta FRATRAESE . S A0AT BRI 1) zeta BT /2-31.87 mV, T ThREALAT BRI 1Y zeta
LA 2-38.30 MV X U AT AR AL A7 SR AR SE I R 4F 1 43 B
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Fig. 1 Characterization of functionalized graphene based on SEM (a), TEM (b), Raman spectroscopy (c) and zeta
potential (d)

2.2 ThEe A SRR 40 B 2 A PR = R O R T

KA Alpha 2 FE SR BT ARG RE I 26 0 A&t Lk 1 R 2() o : X HEAELAN
LbFEZH h Coverage TE%07) 59 0.999492 i1 0.999276, MJidid 99.9%; AbFELLfH Sobs FH%k.
Chao 5%, Ace F8%f1 Shannon FEE8 5 B ZHA Fr %A%, 110 Simpson F&E8x 214 i Tt

N

s X RE B PP FUREAT REALI AR B 75 2 A RRE i 2ol T, EL AL OTU % H ey T-4E



M, FRGIRRWI DA S0 BENS B R K T 48w B = E A 2 R

WEPETURI T 41T Alpha 2 REPEFR B HTRIFRRE 26 3 M 45 e 1 A1 2 (0) T
o BE 4 AN AL PR 2H Hh Coverage F5 %4> 514 0.99899 A1 0.999389, Miaid 99.8%; ALFHALfY) Sobs
fe%i. Chao a4, Ace FaZ(A Shannon $& Zon HEZHE i L+, 11 Simpson $8£080x) #i4H
AP NBE: s B R A REAT RN TS B AR Ao TP, HACHRZE R OTU i H

T IR RER B Th RE A AT SR RENE S R TR Y T A R R0 R EE A 2 AR

1 DR SRR E TR Alpha 2 FEIE K20
Tab. 1 Effects of functionalized graphene on Alpha diversity index of marine bacteria

F i Sobs f5% Chao #5%t  Ace 153 Shannon #5%  Simpson 5% Coverage 5%k

Cw 694 702.5526  702.50703 4.999356 0.027251 2999492
T™W 654 683.5625  671.07507 4.794667 0.029821 0.999276
CS 651 675.0222  670.1749 4.7684 0.02358 0.99899

TS 705 7159688  714.7377 5.3588 0.01025 0.999389

VE: CW. TW. CS Fl TS B XT MELLIE K RE Sl AEFRALHE /KRR S o X TR TR P RE S AN A PR TR
Yk CRED
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Fig. 2 Analysis of bacterial rarefaction curves of seawater (a) and marine sediments (b) based on 16S rRNA gene

high-throughput sequencing

2.3 ThREAL A SR AR 7K S AR 0 o 4 o 4 R U 2 O R )

TE 37 “CNIELLRETR 48 h 5, X &R YRR ST T, S5 Rl 3 Fros: Xt
R A9 /K RE S P 4T A A AR IR B2 N 4.27 X107 cfu/mL, 1T AL B ZH IAE ZKORE (5 mF 200 181 A 2 PR 9
N 3.25X107 cfulmL, g/KHE A DB AT s AL BE s A0 T A7 S 508 76.19%; X IZH TR
R it 20 B O AT B B 1,56 108 cfu/mL, 1T A BRALURIRE i b 400 B O 4T O P ik



1.90 X 108 cfu/mL, WIARWIAE S R4l 2 Th R A A0 S8R0 A0 BRI A TS RN 122%. A L, Thig
A S MR K A B 1 AR K B — e i EIE R o R R s AR K B —
e e

20 T
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Fig. 3 Effect of functionalized graphene on concentration of bacterial cells in seawater and marine sediment

2.4 T Aa SRR R 7K B UL AR v 40 B 0 o AL R S e
FE “117 K B K b 4R A AL i B S5 R INEE 2 s Bk b, i KRE S b a3t
A 25 DT THIANBE BRI ok, G IR ZH AN AL B ) B R 2 AR MR AE 25 57 o X HRLZEL Vg KRS
AL 35 N A R T (Proteobacteria) , HARX F FERERE 70%, FH KON RIATF T
(Bacteroidetes) . WE4HE ] (Cyanobacteria) 2; AbHEALHEKFE A OO0 35 B BRI AR A
JEH ] (Proteobacteria) , {HILAHXS=FFE T [%% 58.39%, HiE4H R ] (Cyanobacteria) YT
1T (Verrucomicrobia) FAIAHNT = BEROG R 42 i, 0 BIAL B8 —RIES Fihr; fEXT IR
Hrp, KJIERTT (Chlamydiae) FIZJiEdk|] (Spirochaetae) #AGMIH, (HIX 2 NIFEALFEZH
RRTIH K AFHEATE ] (Fibrobacteres) 7EXTREZL ARSI R, (HAFAE T4 FRLH
FE “T17 AP BRI T A B A AL o T S5 Rk 2 s . BARSRE, 18T
ORIRE i T LA 22 AT TR A R R Ar i ke, HOE A AL 30 4H PR TR 22 REVE AR AR 22 5
Xof HEZH 0 AR ) it o AH G S B2 HE A RS A7 0 2 A JE TR 1] (Proteobacteria ) ATUL AT B 1]
(Bacteroidetes) , ¥ (5 LU 90%; AbERZAHDTARYIRE G HoRE 0 =5 B HE R W9 RL IR IR AT
#i1] (Proteobacteria) FIUATH ] (Bacteroidetes) , {HPi X F LA AT R4, HiEAM
W1 (Cyanobacteria) . 7% 17 (Planctomycetes) F£k 1] (Actinobacteria) A%+

R ik BB ZH ) KR 3 57 Gracilibacteria #1 Saccharibacteria 78 %) BE4H FAs Il B, (HEIFEAAE



A PR ARSI K
R 2 11T e K B A O mh A0 1 ) R AL 23 #r

Tab. 2 Analysis of species composition of bacteria in seawater and marine sediments on phylum level

FE i Il AEXS %
CcwW AFFE 1] (Proteobacteria) 70.7
AP T (Bacteroidetes) 9.64
WEANE ] (Cyanobacteria) 7.21
FEWI] (Planctomycetes) 5.15
L] (Actinobacteria) 3.25
HAh (Others) 4.05
TW AW ] (Proteobacteria) 58.39
WHNH ] (Cyanobacteria) 21.78
AP T (Bacteroidetes) 8.72
FEHI] (Planctomycetes) 5.39
P (Verrucomicrobia) 3.54
A (Others) 2.18
CS AW ] (Proteobacteria) 69.88
AP T (Bacteroidetes) 25.14
Rk 1T (Actinobacteria) 2.29
WHNH ] (Cyandbacteria) 0.89
PE @ (Verrucomigsabia) 0.68
HAth (Others) 1.12
TS ZFILH ] (Proteobacteria) 62.27
PUFFE] (Bacteroidetes) 11.61
WE4NH ] (Cyanobacteria) 11.39
&M (Planctomycetes) 5.25
LR H ] (Actinobacteria) 3.43
HAth (Others) 6.05

TE “J@” K ERHE KA B YRR 2 S AT I 25 ISR 3 B A BT ioR, /KA b 3t
15 285 AN AN PG DI R, FLUG HRZL AN AL FRAL (B B 2 B RAE 25 57 400 2 Lt
VEIR B R 9% J5 , kb B 4 h norank_c_Cyanobacteria, Unclassified f Halieaceae #ll
Unclassified_f_Rhodobacteraceae fitjAH % 3 506 BB 41 K lE 2 s norank_f_Piscirickettsiaceae
FEXHEAL A (RIS SE 2 14.18%, 17 HAL B2 A (R AE 0 = A 0.60%: B L3R DY 4 4N
A, %ok HE LA Ak TR 2L 11 JF e A T AR X S B PR 22 N

TE “J8” KV XM ORISR A s M0 A 2 B A0 T B 5 R I 36 3 i Ak
FEUURRMIRUTAE it v 3647 316 /e 20 B e Ao 0 L1 >R, X JE 2 R A B0 2 1) BT 22 REAE AR AE



Fegte WATKIL, 2id 2 RN B F7 )5, norank_c_Cyanobacteria £% i 2 o (1 4H
xRN 0.88%, M HAEALER AL AOA XS S BEI R IE TR 2 11.34%; ACEE4L Lentibacter,
Planktomarina, norank_f_Cryomorphaceae 1 Pseudoalteromonas F{IAH %} =F & 43 il e o FR 4 K

WRFEA: B Lk 5 ANEAb, ek B2 A A 33 20 1) HL 8 8 g ARG = B2 1) 22 S B o
3% 3 RV LK B OB Y b 20 R P W R 2L 1 7 A

Tab. 3 Analysis of species composition of bacteria in seawater and marine sediments on genus level

P & FAR %
Cw norank_f_Piscirickettsiaceae 14.18
norank_c_Cyanobacteria 7.13
norank_c_OM190 4.31
OM43_clade 3.81
Spongiibacter 3.76
A (Others) 66.81
TW norank_c_Cyanobacteria 21.65
Unclassified_f Halieaceae 4.86
Unclassified_f _Rhodobacteraceae 4.31
norank_c_OM190 4.27
Spongiibacter 3.81
A (Others) 61.10
CS Lentibacter 9.60
Planktomarina 7.31
Pseudoalteromonas 4.55
norank_f_Cryomorphaceae 4.34
NS3a_marine_group 3.80
HAl (Others) 70.40
TS norank_c_Cyanobacteria 11.34
norank_c_OM190 4.27
Ascidiaceihabitans 3.77
norank_f Piscirickettsiaceae 3.768
OM43_clade 3.13
HAh (Others) 73.72

3

AT ST I SE IS AU D Re A A S50 15 G eI SR, Al 1 AR U R ) 4 T
VT DHREA AT S50 B L, DA THRE A AT S b X Ve Ak AU AR 0 v A 1 A K O s o &5 SR B R
BT IR SBIG G, KSR P AR S S A AR, H2, TIRTEMAIA
BERIRI A B2 A, DhReAb AT 5808 BIAFAE XL A 4l AR KRS E T - RTBEASEER 1, 3R



AT LA A [F 0 FE T BEAL AT 88975 (0~50 mg/L) *H#EFT 5 (Marinobacter sp.) + #h5f

B

(Halomonas sp.) + 22 % Hiffil 1% (Alteromonas sp.) « &V ML5KE (Vibrio parahaemolyticus)
KL 2E BT I (Bacillus subtilis) . B83ki#: (Synechococcus sp.) FIZLE%RE (Rhodotorula sp.)
SEMEPERUE I I, RN 50 ma/L T REAG A SRR b R WA AR A P R A R A R
ARANHIAR Ty 2000~50% CRKEER) o ABTH, HEK A BRI B ) 283K 7053
4 50 mg/L 1 50 mg/kg. % &R L @ Tk, BARBURIR G, TR ThRet
A SR I ) SR P I8 1% e T K

Alpha Z LT AR R I 2k 70 B4 R 7R, S ThRef A S A S, /K Al i 1) 2
FEVEMID A= R, TR DU T T B 2 AR AR R BT R, BEVE THEOEE R
BoR, DhREM A Sl BE e MR LM K A ARG, (RBEVTAR P 4h A K. Zou
SRR, S M R I 5 A P A T R o I RS 3 R RT3 (R LA 473 T A o) Al
A I I AE K AARENE S . Farid 20RO S g6, e Sa SR A0S K
AR R < 240 €0 9 ] oK e 240 MR ) 56 BV, R BIUA sk 2 LS RO A 1 P A A T
WA . JATHEDN, MK P IR SR B L, RENS S A LI, A S X HE
FRATUBRAG A7, AT ASE A5 T A it A BT ) 22 R L b =F B R Bk P2 o T E TR
A, DIREA AT SR TT RE S VTR T KR EERURE A ELAE T, TS 4 a1k b, 2h
RE AL A7 S v Rt M BT CRR A v B DR B RORLAT WL, 2B A A K 5 AR I T Pl it i
BB, IWTIEAEEAE DO IRE S H AR B O 2 AR L Wi =F EE AR Bk P4 vy, T B AL
HEHFHRNTE T BT FCHGE, BT A8 R IR, BAHA RIFmSLyusie, e
S FRATHI,  ANITT FTARAEAE KR E 97 3  1) Bi E BEe 201,

TETHREA A S8 AL KA S, 117KT | Cyanobacteria F1 Verrucomicrobia (4 %
F:JZ 45, Proteobacteria I Bacteroidetes FIAHX 28 FAIG; J& /K1 b 32 EEARA 1) 2K & T A
FTTER R R B R 8E, H o norank_c_Cyanobacteria, Unclassified f Halieaceae £l
Unclassified_f_Rhodobacteraceae WA= EE4& 5, 1M norank_f_Piscirickettsiaceae [AHXf 3=
FEE AR AR FEDTRR A i, DhRef A a4 32 = 1 17]17K°F | Cyanobacteria #1 Planctomycetes
PIAEXTF R, F(R T '17K°F | Proteobacteria F Bacteroidetes FIFHXfF/%; TEE/AKF L,
norank_c_Cyanobacteria () # X} = & 43 UL 42 &= , 10 Lentibacter, Planktomarina,
norank_f_Cryomorphaceae £l Pseudoalteromonas [{JA1%f £ FER#A%. HLA B dral WL, ot
KRS R TURRYIRE S, I InEhRe A 2804 )5, Y64 EE norank_c_Cyanobacteria fAHX

JEHA R LT, HEmabL s A Rt — BT, AR AT IO R BRI (0.1 mg/L) 1)



AR LR T DUE G A AR R PR (Synechococcus sp.) AE R, FATHENI AL 2 D) e
WA BRI IEFE AR S AGER,  FLAL R G o A H 2k BE AT R (2 ' 5 4 T AR I R O

g b, AHTFUE L 0 rifire N R T SR T RE AT SRR RE i N T, R BRIt
U AR RN D REA A S AR IR SAAEAE 22 7 . DRt A skl (50 mg/L) FEAR 1 /K P 4H e
2 FEVERIZE Y DhREt A s2)@ (50 malkg) $idw U h i i i) 2 REEAIAE )& . R
I s AN [ PR VA 20 8 X T e A AT S (0 0 S IR AT T AN [ o SR 845 ROyt — S0 PP Ak s I3 A1
B b s g e ij it 7 — e 2%,
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Effects of functionalized graphene on
bacterial community structure and growth

INn marine environments
ZHANG Zuofeng!2, ZENG Lingyu?, WANG Zhaoshou'#", SHAO

Zongze**

(1. College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China;
2. Key Laboratory of Marine Biological Genetic Resources, Ministry of Natural Resources, The
Third Institute of Oceanography, Ministry of Natural Resources of China, Xiamen 361005, China)

Abstract: Functionalized graphene has broad application prospects due to its excellent electrical
conductivity, heat transfer and mechanical properties. In order to understand the possible ecotoxic
effects of functionalized graphene on the marine environment, we added functionalized graphene

to the coastal waters (50 mg/L) and sediments (50 mg/kg) respectively, and cultured the samples



for 2 weeks by simulating the marine environment. The effect of functionalized graphene on the
structure of marine bacterial community was analyzed by high-throughput DNA sequencing
technology. The results show that functionalized graphene has significant effects on the species
composition of bacteria from two marine environments, and the effects are different; upon
exposure to functionalized graphene, species diversity and abundance of bacteria in seawater are
reduced, while species diversity and abundance of bacteria in sediments are increased. This may
be due to differences in environmental behaviors such as disperse, adsorption and agglomeration
of functionalized graphene in seawater and marine sediments. However, functionalized graphene
promoted photosynthetic bacteria in both seawater and marine sediments. This study provides a
reference for the assessment of marine ecological safety of functionalized graphen.

Keywords: functionalized graphene; marine bacteria; community structure; diversity analysis





