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BAEE,

WE: VAR ZELERANAEHNAEST. UHEBEZ LB EEIM A F R
M, BREES5EAFFEL. FNEZREAAEEZWASL, RUUEELEHRENKRE Y
., A RAFMR. qQRT-PCRE16S rRNAR F oA LG H Ko S RET, SEX
76 LA F# K (300 mg/L). F A& & (100 mg/L)Fu Jk K % % (100 mg/L)iE & 4L # 18 h,
PR E £ (50 mg/L). k7 fi7 (200 mg/L)Fn 77 Bk F £ (50 mg/L)iE & AL 4 d, »Hik kb
BEERFAI63% L L, T X B ok W 6 A0 4 £ $99.9%. R GRT-PCRFr16S
FRNAW SR T 50, ZHAEFTERIBHNEZNAL, HEERTHEA5%, HEme
FERLSBMERALTHE. LF, BERE. XEFTE. XEERFUREFEE
BB ERIH . ARKY, FHNEZTNRMAE RS IR LET R NE RSN
EREYW, EEZEWE, EMLEREH LN REERE.

REIW: IZ LK, NAEF; BE AR, 16SrRNA
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BT ARNA S, Wl RA-ERE, 45168
rRNA 53 Bt , - 40 W7 32 55 232 1) O T A e B2 4
WAEOL, DU i 3 i o i A Ak BE B B T5 7%

1 MRS T

1.1 R 5438

IR T 2017410 H R A T HEM, AT
JFi—20 °C¥ i & H o

SEESRT, R T23 oCK B i K v I 4
24 WE Jh . PRk KBS emZE 45 (OB /N L
PeZ24 )5 T0.7% KIFY K AL BR10 min, K B i
IREEVE3K
1.2 IRESEAHIR R 3 B Fhd A 2= A0 SR 1 A

TE24FL A B FL P R N2 mL & B Fh A4 K 1
KK, AR ATERG. 25850 mg/L).
PRk & (5. 258150 mg/L)Flk 43 ME Ji5 (100 .
200F1300 mg/L), Hrr, H&ER MR E R H
THILEH ( DMSO ) Bl %10 mg/mLEER )5
rfa e, Lhaliifg kB Xt Id4a1, LLJinDMSOR/)
MEKAVE XTI 2, BT 529 4l 245 8 34 P47 .
FALIEFR25 mgd 238 Fr, 23 °CHELL R FR6 d,
JEREEBI12L « 12D, SERESE B 236 pmol/(m™s).
RERR LR M LR IG IR, - Ge i e fi e o (fid e
MR SR FR A B IO R HAAPEIEH ).

I e B 3 (Yo )=( T BRI 50/ 450100 %

1.3 B4 R ERMMIKREMAEER R
B 3SR A

2H 59115 ) < b SR S IR AR B R T A
RO KGR 43 (n=9) o BF2 K B34S F-47 40 o -
A, KM KEVEEOR S, N1 mL 2K 1 i K WF
RIS IR AT T2216ERE AR 97 3E . 23 °CREiFE24 h
&, Bt
1.4 HEMERIMIEERMHKREINEER R
B 2SR A&

W 13 AR B A 2R A RO M R A5 R
WHEAAP AR, AEA[EFEEGOmg/L),
Sk AR E 5 (200 mg/L) R BE 8 2 (50 mg/L)TE & 14k
H4d; HEBATNTHER RGO mg/L), FIPER
(100 mg/L)F1 P& K% Z (100 mg/L)JR A 4L P18 h;
HAECHKIHEBRFR18 h, HLHEGAR T4 d,
L4l K 55 3R MR o % BRZH 1, LU DMSO i /K
FEFRVE A XTIRA 2, 35 55 S5 ) 3 SR S AR A4 T
BAFP BT AR 2R EAS I S T A 45 R it
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T4 B 5 72 AL (0=3)
1.5 K EBPCR(QRT-PCR)IE MR &S IR
TMEREER
MAPUAERAHE, WEMNR, KEEK
EEVRBOR 5 R IR AU T, WA P R 90 s/E
—80 °CI# 7%, M H DNA#EH 2 Plant Genomic
DNA Kit (TianGen Biotech), XF DNAFEA 4351 £ 17
18S rRNAFIH A 4114 16S rRNAR) E #AGD , 2
1) %5 4 9 5 18S-rtF: 5'-AGTTAGGGGA
TCGAAGACGA-3'; 18S-rtR: 5'-CAGCCTTG
CGACCATACTC-3"; 16S-341F: 5'-ACGGG
GGGCCTACGGGAGGCAGCAG-3"; 16S-
518R: 5'-ATTACCGCGGCTGCTGG-3', qRT-
PCRY"EFEF: 95°C10s, 55°C10s, 72°C 15,
L B i e ) WA B T
F =
2ACT( 16SrRNA cx—18SrRNA cx )-AC1(16SrRNA sample—1 8S7RNA sample)
A, CKIE Y A2 1 /K AL 6 #R2H B CK 4,
sample/ |48 &2 A . BFICH] ., F{HZF value,
JEqRT-PCRAYEE SR

1.6  16S rRNAM F 53 #7115 LR KM A &
HIE R Z M

W25 A BAH A 3 S S e DA TG TR AR T 3R
MK, WARMERE, #EBUEDNA, DIty
Kb RRNARY B bR 30 s, IR IRR A R 57
P Barcodef¥ 41, X4 B K A Bt AT PCRY ™ 1
sy g gl I AT SCRE . FEA A
lumina MiSeqilll J37*{ #£152x300 bp 1) B il /7
PEEUK R F 150 bp, “F¥ESME>20, Pz
JF 51 1 & X U R /N T 20% 09 17 5 b A5 300F
G, HAT WA

i FHQUME#K 4, 18 HHUCLUST/F 41 tb Xt T
B, H297%0 )37 50 A BLRE 1547 9 9 BUBRAE 73 S B
JL(OTU), FFIEEEE N OTUH 3 5 f5 i 19 17 914
JZOTUMM R TS, JF#T o 2R, 8
ffiChaol 84, ACEFR¥%% . @R, 15
HHILAHOTUME R, il id Venn &l 2 145 41
JIF A Ak OTUR 4 B L il s X6 & K7 i V%
H I ZE R HEATPCAZI BT o HQUIMERR 4, FRHX
BHEARTETT, . BH. BE. JBESDZOKFE LW
e W | E S T

1.7 HESD

¢ K0 U RE 4L 5 0 I 4 35 B50a) G 22 901
A5 imean+SDR /R . P<0.058 /R 257 % o
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2 4

2.1 EERMREEEMEENIMITE R

F1 TREIMEZRLETIRERMT KRR ERE

R

TCR A2 00 21 A 2 X R, Bl 3% 5% B[] A
K, R HBDREEEIRE, W HbUE R
FESE A i 5 AR B aE, GndEe diF, 50 mg/L
AHEZRZATAHES %M FAKRE, KA
At AP E R GR D,

ANTRIPT AR 2R A B X 42 58 25 bR AR ) 2% TR 8K
REIR, 3FhPUA R X AL ESH A % B 0 R
ERT, H 5 A0 B R E) 2 A G . AT ks
R B, WL TR AR B AE R D,
WNTE SO mg/LiE S AL 4 dfF, M H FFF AR T B Y
T EE81%, Al BN O b B X R I BN AR A
(Erythrobacter) MG B (Marinobacter)5s, [F It
RORME 22 (22)

2.2 HAMERNIEERMREIINEERR

Tab. 1 Health of P. haitanensis thalli treated with
different antibiotics %
e W FE/(mg/L) AbFERT[E]/d - operation time
groups concentration 2 4 6
XPHRZA L \ 100 98.14+3.21  94.45+0.52
control 1
Xt HEZH 2 \ 100 100 96.3243.21
control 2
5 100 100 96.3243.21
AEER 25 100 100 98.1443.21
chloramphenico
50 100 96.3243.21  92.58+3.21
Wk 5 100 100 94.45+0.52
oleandomycin 25 100 100 96324321
50 100 96.3243.21  92.58+3.21
LG 100 100 98.14+3.21  96.32+5.56
cefotaxime 200 100 98.14+321  92.58+321
300 100 98.14+321  94.45+0.52

B 5R

G FRROR)G, 358 R AR XA R 4t
R A A B BURMESS R BoR, DUk KA BRAE
XFREA(CK)e HA A, BHCH AR FREK,
IR R AR R AP RRA, R i fg R
FE95%UA I (El 1-2), 3 H KI5 R H L
B, MR BB AR T FE99%LL E (B 1-b),

qRT-PCREZ A W [A] 4 5k 7 i - H (19 16S rRNAZH
PRI B TR, HP A CAB T M b
Z(El1-c, P<0.01), F{E{X0.22, Ut G CXInt
i B A A o 5O B O T A2 A, H T
HA CHALBER [ T 24, P LU R A
TR B

R 2 TREE RN IEE AR A BRI BRERR

Tab. 2 Effect of different antibiotics on the amount of bacteria of P. haitanensis thalli CFU/g (x 104)
o8] e /(mg/L) KEFR[E])/d  treatment time
groups concentration 2 4 6

WHEZH1  control 1 \ 159.41£15.33 175.10+14.99 184.37+10.08

XPERZH2  control 2 \ 167.10£26.11 166.43+10.43 180.03+20.79

SFEZE  chloramphenico 5 23.24+0.72" 23.62+0.12" 19.61+3.24™
25 12.39+4.84™ 6.41+0.44" 8.77+0.87"
50 9.60+£0.88™ 5.63+0.12" 5.62+1.64"

PIBkEZR  oleandomycin 5 48.14+2.727 44.42+0.84" 40.75+3.83"
25 38.75+1.217 40.81+3.52" 39.20+0.88"
50 36.72+1.88" 33.20£1.64” 35.19+3.48"

SLTHMERS  cefotaxime 100 40.75+4.92" 35.18+3.52" 48.41+4.83"
200 16.81+1.24* 12.44+1.87% 15.60+0.82""
300 13.24+0.88" 17.64+1.24" 16.05+2.44"

% P<0.01, HXFRBATHE, WERIRINIEEK; 7. P<0.01, HxFRBH2ME, #E5H#DMSO
Notes: *. P<0.01, compared to control 1; . P<0.01, compared to control 2

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries
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Fig. 1 Effect of different combination of antibiotics on the health and the amount of bacteria on P. haitanensis thall

CK. control group of seawater treatment, A. combinatorial A, B. combinatorial B, C. combinatorial C

23 AEMEREALETIZERMEERH
EEMR

ol NG ENE e RS LI T
SR AR R R R AL 22 5, I H] T B 5 16S rRNA
(4 755 BV 3-VA DX a1 e 8 0 (63) . o b A
P E RS Z2FEM:, 4811 T Chaol . Ace. Shannon
FSimpsondg 5, Z5HR KA, 3P AR
JEAME SR TR, THEHACRERE
R (P<0.01). MM AEYZHEETEIRE, HET
YRR, 21 A ChYShannonts £t i 1K F X FR 4
(P<0.05),

BT 2P OTUM & T Venn &l F1 32 1L 43
S HE(PCA)(EI2). Veenll on, RNIElHik 24k HE
A H A FAFOTU, F H-5x%E414 I &

)22 5 o INPCAIE AT LU 34> 4k 320 A0
ML A W5 A0 A R R, R W] 5 0 B 4 1 v A
HERER,
24 AEMEZREESLETIZEXWERR
EESLKELNT

B 0E R R R T 1% T IE S 2
A REHITE I, SR BN, TTHKFE L,
X} A2 Hh AR JE T 1] (Proteobacteria) (7 42 25 32 i A=
B 9 7515 96.5%, 1R BE B [ (Firmicutes) fl
AP 1] (Bacteroides) H 5 T 1.6%#11.5%, T
[14.0.4% 0 2 HoAth —SE TR, QN2 I 1] (Acrinobac-
teria). 7% % i | ] (Planctomycetes)% ., & AH,
IR, JERERET TR #2005 T 67%.
22.3%M19.4%; TEAABMAACH, B TA

®3 TREMEREALETIZERNEH SN

Tab.3 Community diversities of bacteria on P. haitanensis thalli treated with different antibiotics combinations

FEFREC  enrichment index

ZAEVESREL  diversity index

2053 ie J e A AR KT
groups reads OTUs Chao 1 ACE Simpson Shannon

CK 42 811+819 310.13+44.24 318.50+£28.99 318.50+28.99 0.86::0.07 4.90+0.15

A 45252+1 361 177.51£10.61° 177.57+10.66 179.46+11.01° 0.92+0.02° 5.27+0.39

B 40 855+2 169 127.72£11.02° 134.22+11.38" 135.62+8.06° 0.96£0.09 5.57+0.18°

C 451002 164 82.11£9.29" 88.64+11.90" 89.84+8.77" 0.86+£0.07 4.61+0.07"
7. P<0.05, S5CKILES ™. P<0.01, HCKEH
Notes: *. P<0.01, compared to CK; *". P<0.01, compared to CK
http://www.scxuebao.cn HHE K= %4 E 75 sponsored by China Society of Fisheries


http://www.scxuebao.cn

334 JUER N, A IR SRR RIK A BRI AR 491

PCA
06 f '
C B
04 f
° group
X .
S 02 '(K(lKg | L ‘A
« THCK2 i : B
N "¢
@) | - Ck
=0 AR
L3 ®
[A3
|-
-02 f |
B3
Blr B2
0.4 | | . £
—0.4 -0.2 0 0.2
PC1/70.97%
(a) (b)

B2 TRMEZREALEMNIZERBAREMHIZMNE
(a) Veen B, (b) F 1 Hr A
Fig.2 Effects of different antibiotic combinations on the bacteria structure of P. haitanensis thalli

(a) Veen, (b) PCA

JEEETH T 5 e 15 95%, HIEA G Ci AR/ B, B IRFFE (Altererythrobacter) M T
MBIFEETE T, Wik, BIRPUAE R b B R (Marinobacter)fE 21 5 BH 4351 5 6.9%F15.3%, i
Oy AR R T AR, BT T A CHARKME], B (Mesoflavibacter) 5L
HOLRF AN, BATERIRRE). FIRIOK gy, pe, ek L ALG CHIRBEH BOE
I, %ﬁZlﬁ&ﬁ%ﬁﬁ'ﬂ%ﬁﬁﬁ%ﬁ, 1t {0 (1 3-).

X B o o L 3K 40 % 1 MBS B (Pseudoal

teromonas), ZPUERMME, TEHGA. B 3 Wie

Chiufl = Fre, THAEAGCHSIL/NT

0.5%. HLJE T (Alteromonas){EXT AL F 4 & Ap PEIRTC A B IR AR 20 B2 A B R A 24 i o

P R=

H14.1%M124.5%, {BAE4 A BS5CH U & A EHwEZ, HAl, LCHFEFEREEIIAER

100 — f:tf‘@ others 100 r JUl others
B P Planctomycetes W GGG Erythrobacter
W AT Actinobacteria FR AT Mesoflavibacter
ﬁ§§§ Bacteroidetes 80 = TEEHE  Sulfiobacter
. OFFE - Fimicutes R unidentified
B Y Proteobacteria . NS Stappia
WEA AT Psychrobacter
mm FFE Marinobacter
mm R Oceanicaulis
MREICE  Hoeflea
mm WICE Yangia
mm VIR Salinimonas
mm VS Pelomonas
A Ochrobactrum
mm A RICE  Labrenzia
m ERITIRE  Devosia
mm CERATE Altererythrobacter
mm RHE Uncultured
LM Alteromonas
m CHEHME  Pseudoalteromonas
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relative abundance
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2H 51
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B3 ImEREFSHE
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Fig. 3 Distribution of bacteria on P. haitanensis thalli
(a) distribution of bacteria at the level of phylun, (b) distribution of bacteria at the level of genus
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VUL 7 I S 0/ h T N N 73 %4\
PR LA S 2 3e B R A TR SR 23 e R T o B
w2 LA T A R A SOR T A
Jl e RIE, AN EER. FIFER LK
KR FBCA M BE X B X 538 19 58 4 R B AL
B (HA S 2 qQRT-PCREL A F116S rRNAKY 3 Bt
B, ZA BB SA MR AE, £
TR R Ry ik 3 A 2R 1 R N o 2 R B E AT
— B B A R, o At B A 0 R —
Mo B, KEMFE L RMEYE . B4 &K AR
fErE, Bk, ARk T &% Mk v
Ji5 , b G R XL B L B A R A
VR 5 Sk 00 18 i D) et #E 2% B P 7 40 TR RN A 24
PHAERS SR AR A A T IS iEtE, JFH =
HIRITFPAE S S48, ARFT BRI T A
RER B 22, I 10%, PRI 5230 B 1k A4 2k
FETTRREE R, PIBhE =0 R 280 2 W
R B ) — e AR Y ARSI AR A
PEATRT P AR R AL, I AR Hha S 9 1 ) Y e
AR ) 20 R R S S S B T E AR Y
PrA R W B, XBRE kTR L, DUk )
BT R B AEOR -

XF16S rRNAMWFIE &8, ZBr it R4l
HEHECOMIE, MR S A R 3 AE96% L
b, SCKAMILTZES, HMHETRENPUE
R AN B A ERRAC T —f%, B
FEMEZFENE LRI BN TS, Ik
SOEE R, AR AN AR R 7 LR A
AE BRI FE I #R /N T0.5%, UL LR T4 R BEA X
22 P T T AR i — P g . oAb,
SR ANFT B I AT TR RN AT TR A A Bl R
i BB A8 0 4 A7 Bk B 2 6 X 3 B L B
Hl R, AR AT DU B4R T B 1) 40 B AR O B0 A
A, TEPiAERAGABEIIICEE 2R,

R 5| B o 02295 1] s R S
B8, WA A CABS, AR kR
T T N (V2.7 2N I S5 O S B A 7 e
PIBEE R B S THI TS 2 MAEFR, &
WA . XEHGW TS SHEERK
BT EFRNE R, SR B Y, e
FIFAREXT AT X4y, B K T A 25 B[R] i
BEAD DA 5E A) B1) 1 58 S5 04 fl SR 15 L o

iR, ALBERLEUATTER.
R EHRMPERERZ IR G118 h, LA
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R 950 T B R I, DT DAy 386 288 A B K K
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SE MK
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Antibacterial effect of antibiotics combination in Pyropia haitanensis

GU Denghui', ZHU Zhujun®, HU Daifu’, YANGRui', LUO Qijun’,
CHEN Juanjuan', WU Wei', CHEN Haimin "
(1. Key Laboratory of Marine Biotechnology in Zhejiang Province,
School of Marine Science, Ningbo University, Ningbo 315211, China,
2. Ningbo Institute of Oceanography, Ningbo 315211, China)

Abstract: The susceptibility of Pyropia haitanensis and its bacteria to chloramphenicol, oleandomycin and
cefotaxime was studied. They were combined with ampicillin, kanamycin and gentamicin to optimize the
sterilization effect of P. haitanensis thalli. The effects were evaluated by plate count, qRT-PCR and 16S rRNA
sequencing analysis. The results show that when P. haitanensis thalli was treated with ampicillin (300 mg/L),
kanamycin (100 mg/L) and gentamicin (100 mg/L) mixture for 18 h, and then treated with chloramphenicol (50
mg/L), cefotaxime (200 mg/L) and oleandomycin (50 mg/L) mixture for 4 days, the health rate of the thalli is
above 96.3%, and the inhibition rate of bacteria reached 99.9 %. According to the results of qRT-PCR and 16S
rRNA, the number of bacteria in this antibiotic combination was nearly reduced by half as compared with the first
three antibiotic combination, and the bacteria abundance and diversity index were also significantly decreased.
Among them, Pseudoalteromonas, Altererythrobacter, Salinimonas and Marinobacter were specifically inhibited.
These results indicated that the optimal combination of multiple antibiotics could significantly affect the
community structure of epiphytes on the thalli, which could be inhibited to the minimum, but still could not
achieve the absolute sterilization.
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