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WME: FAXRREREXRENWERZZFESE, LA KEEH20°C, RIREIEH29°C.
HEMARE AR BEEREKRTW. BRRE. AMESETERMEN T RER
ERKE R, AU E R F T F AT (E R AW ARE20°CT o £ m
iAW) A MR, W T A28 °CTF % IR 3 AT B A Im & A A £ K R (RGR), i A G
(SOD. POD)¥& t#, # &M% &+ Jf & il 4 8 (Pro). 7 — B (MDA)f % I & & & 8 % A&
Bigmm¥m. HRET, 28°CT, AEELRWHI B, W R RAR LA
MEAFREWRGR, EHEEZEFHEANEK, WAWRGREEFE£7; 4dEW AR
EXRABAEE, WEAERAWRERBREELE R, BHR240E, BELERA
#7SOD. PODYE £ fuMDAK P34 8 2 & T2 JR 4, T 5% 4 Ji 7 % 1 & & FrPro &
FRTAEA;, AEFAFY, ZEXNWEEZALENEF S THRA. ZHRENA,
28°CT, BEAEEHAERFRAE2RABZEXNEK, EHABFHEAHELKR
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aceae), e B EMATHE", RERKILLILH
X LR BE L 32 (P. yezoensis), il Hh X D) ds 5858
(P. haitanensis)h EERRIEMF . TR, BT
A RN TR A A BRI AR A DL A B
PRAE SR A S NN R, 38 U S
Wik, GV HIR I,

H AT C 8 1Y 51 A& 53500 3 A I A A
FEW 7, — R B R R R R SRR
IR SN E, WiEFRL DURETR (Cobetia marina)
1R I 5 & (Pseudomonas) . 4532 & %5 W (Pythium
porphyrae) F1HL M 47 & J& (Olpidiopsis) %5 7] 5| K& 48
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TN 25 T IR 9 25 Y TE 8 25 R RN DI RiE, R IAR AR K
AR, AR SE B B ML T (Psuedoalteromo-
nas sp. NPyS3)Hiiil| i 1 ¥ (Pleurochrysis carterae)
A B Ak, T RS T | R 28 S R A R s
ZE U (Phoma porphyrae)5| 2 7% Bt 55 3¢ 1 Bt is
QRO 58 30 S bR AR B PR R v i IR R R R
RHZH, Hrh IR —BURN B0 A %5 .
i Dkt e A IR GE e R B R BRI AR TE TR
br, HIFRBUN, XRARESERLEWRES R
KREY, HYIRE = M NI AT R
W ERAENERKER, FREEAT LIS 5 e Ak
Vit — L5ty , g &Y, X
Wt B A= 4 A T B A= 20 TR %) T e T RE 23 B o R R
AT

AU i (Bacillus spp )TE A SR A0 A Tz,
SEE WA RUEY), R R AIA K SR
B g AR TR U M T SOHESENS AR 58 S FRTE X Y
MK o B B RRAE DL A ED R 2R AT I, B
AR I T S R, HEDU AT BE AL i PR SRR B 1
YR A Vs R I TE R o Xiong SRk I
B 40 i Bacillus sp. WPySW21E20 °CHJ {ig k17 £ 35
ARKMBEEYRMER ., feEAEE. BE
R BT A A R R AR R =R R 1 PR A A
AR, AR S5 28 5Pt & L F (SOD, POD)
MProf i Fhm, M E/EN, &kt
o MM LA R, 7E28°C T 5
Bacillus sp. WPySW23: 5% 35 1) b 28 52 1 /- J8 12
Jl o AR T U SRR PR A B D R ek R Y D
PRI K HC AT B R 35 4R 7 A B8O, R Sk FRATT )
T4 g S R A TR I R B Ak PR B RN 9 PR AR
Yy SR B 38, iR 5 S s T AL A B A
e .

AHFFE KT 28 °C (553 A B 10 & il 38 4%
)T 3 PR Bacillus sp. WPySW2Xt 1z 28 58 4 K D) K
HIAE PRI PR, DL T A IR R L Bacil-
Ius sp. WPySW2 A 1838 1 3 B i A= ) 1 Dy g B
AIREAY A BRAE T, BT 4T M PP H AR S T RE

U Rk

L1 SRR At

EEFRTRRALIZ R A SR
RS IR 3 MRIA T 20164 11 3 10H RE T T
B, WETE, 20 cCRERIF. SLHHT
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BOEAE S, FREEK PRI 240, PRiEER—
g A, AR em’/NBE, T KH
MK PRI, K SRR B F0.7% KIF
W IR 10 mind5 FH K B I 7K 38 VE3WR G #8 HH o
SRR TURAE 535 (100 g/L KNO;
10 g/L KH,PO,. 2.5 g/L FeSO4. 0.25 g/L MnSO, A
20 g/L EDTA-Na,, JH0.22 pumisk L 48 B oot % 5
), i S K EEEK LA 2 1 000K FR L g il AL
EIRMEK ., TEIREE20 °C, Y51 50~70 pmol/(m’-s),
JeJEWI12L 2 12D, FRAKM FHITRFR.

R E R LA A2 Wb B T5 kS
H O ST, BEJE BT 0. 1% V) &R B
FIHEWOP R 10min, HTFAAGVERATHER
(LR 300 pg/ml), RABEFZ (LR JE 4100 pg/mL)
PR B 25 (LW 100 pg/mL)F AL BE10 h, K
IEKIRUE3IR, IR 53emt B TR G 7 12 h
DLl RS B4 RG 52 20K, BIR EIBE 12~24 h,
DR LBRER B PTAE R . WG FR2 df .

F JOAT ) RIT SR Bacillus sp. WPySW2
IYES PR, —80 CCIRIFE T HTIT AT Y
TR SR . PR R AP T 100 mL 2216E
WARIE SR (BERE R g, RS g, FriRmeek
0.1g, MWKEZZEL000mL, pH 8.0~8.3), 37°C
Z A T 140 rmindR IR PG AL . BHRREFR 4%
S WEM AN —3, BRSRE, 8oLk
FeW o VIVETEVRE O, 35 8301 35 O
1 M B 24 1x10° A~ /mL%s H
1.2 XWHE

FRAESEEETRAKREIZR  500mL
(9 78 S HE FR M I A 300 mL %838 1 95 i, 4 il
0.2 gL R AL T AR S AR IR 5 23 x10° cells/mL
Bacillus sp. WPySW2, B 34117, 5L MHMR
1 5 Bacillus sp. WPySW2AE 55332 5541« 28 °C,
5% 50~70 pmol/(m’-s), JEJEWI12L - 12D, A
Wik, 28 cCR ¥R F4 AR B L=,
W, A39T0, 6. 12, 24, 48F172 hEUEE, W E
A] % 4 25 M (soluble protein), ¥ ZL & [ (R-phyco-
erythrin, RPE). % i & 1 (R-phycocyan, RPE). il
%4 % 7 1 (allo-phycocyan, APC). ProfIMDARY
i, LA Sk W 0 Ak 8 TS 7 (superoxdie dis-
mutase, SOD). i E ALY (peroxidase, POD)AY i
o DA HT A R AL B AY E5 58 S5 R AR R X R
Bt M S AL SR AL MR
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A A A K F 6 g, AT
B, 20 3RM IR e s ARk, fi L
AKX A A K (RGR)!": RGR (%/d)=
(InM,-InM,)/<100.,

L, MORERPPIG T (g), MR
T R PR e R (), BRI IR K AORE AR
TR T .

TEMEOESEMNE GRS 4= icrs s
W5 R 2% S22 15 G25074 P, D4 1y A &
FI AR MERE DN 2 o RSB FRO0.1 gffiE, A1 mL
PBSZE iAW, VK A J5 4 000 r/minf 0> 10 min
(4°C), - TH VR RI R F57 DU 26 1V T o

A R R B R S B [ne/g (FW)]=

(CxP)
oy FEANEE B & 2 B (ng/g (FW)]=
(CxVYW

3 CoRy A s o i 2 T A5 A 0 A b B
JO B B (ng/mL) s Vo AR G 3R ORI B R R
WRRE B
Bl & M) 7 it ) 4% . BL0.3 gl fif e
&, JA0.1 mol/L pH=7.4 PBSZE MW, VK I #F
JE 5 i) 5 L 10% ) W, SRS TE4 °CTF 4 000 r/min
B0 10 min, BV T RGN 0 . R B
U AR YR B Y T-SODIR I £ (A001-1,
M), PODIN A iR £(A084-3, LAk &
Pt AL I P
HEReE G 0T BAE NS RN E S
PP gy ik o RSB FRE0.02 g B AR3 My, W
RAFEE, A2 mL PBSZE MR, A VKA %
(20 °C), FiRf# )5 #5012 000 r/min, 4 °C)20 min,
T R D IR R, 4 0 A Ases
AgisF AgsofE o AN
Crpg = 0.1234 565 — 0.0684 615 + 0.0154 650 (1)
Crpc = 0.1624 615 — 0.0014 565 — 0.0984 450 (2)
Capc = 0.1714 650 — 0.0064 565 — 0.0044 615 (3)
XA, Crepv Crecy Caped il HR-BELLE
FI . R-35 5 2R RN B B 0 & i
Pro&-= 0| & K FH B = 7 50 %€ Pro 7
i, % CERCIRNEAT gl . B e R T2 i
Koy, 0.1 g, WA, MA3%I KR
WS mL, #/K#10min, 3000 r/min, E5.0>10 min,
B 13 W H T Proifll 7€ -

MDA4 % ¢ 0 & K AT E 2R

(thiobarbituric acid, TBA) b a3k 2 B, HR0.1 gfif
B, A5 mL PBSZE M ME A KW, &
10 mLik &, A S mL& A 0.5%TBAR10% =
& & (trichloroacetic acid, TCA), 1A WAL K
RN 10 min, ¥ #1510 000 t/min, 20 °C, B.0»
10 min, WO L35, 4300 E 450, 53271600 nm
WGAE, FBRULTF A I MDAR &

MDA [umol/g (FW)]=[6.45%(A453,-A600)-
0.56% 4,501 V,/(1 000X EFW)

K, Vo BIEWART(mL); FWRFE &
H(g)o

Go it o 7 BB 3N PATAR A,
48 % Excel 2007HISPSS 13.058 114k 14 #4751
i 4b P K Gt b, U 2 22 43 BT (Two-
Way ANOVA)Fl-testlh P<0.054 i & K #k 47558
ot .

2 4

ASLH 28 °C, 72 hNIE M B W iR
SRIEME 2, DL SR 4L A X A4 K R RGRE T [
e XHRARGRIV 2 T #4(&11), 1£0~48h,
ZEAOAT I S IR S SRR AR, R SR
355320 BIRGR I 3 5 T X B (P<0.05), 4%

5.0
45
40 |
35 |
30 |
25 | .
20t
15 |

1.0 +
0.5
0

24 48 72
] 18] /h
time

[or+BEP
L *

— *

AR A /(Yo/d)
RGR

1 28 °CTWPySW2x 1z KA X £ K R AR T
7 RN [R] — B [A) g4 ) Ak B 2 JR) 22 R 3 (P<0.05); “P+B”3
INTA LR R AL, “PRORKTIRAL:; T

Fig. 1 Effects of WPySW?2 on relative growth rate
(RGR) of P. haitanensis at 28 °C

"*" means the difference between different treatments is significant
(P<0.05); "P+B"represents the co-culture group, "P"represents the con-

trol group; the same below
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Wi, X AR HEVE HIFE 72 h)g R 18 5 (P>0.05).
TR ESNEE R BN, K IR R R B
AW A 23 X 5 28 SR B RGR™ A= ik 3 5
FH 8 PR o A 9 R R 5% B R) 51 R A 25 8 4 R
7.79F12.47, W] ULE R % T RGRIY 52 i 222
KFWRIF=EMEN, 4d2 )5, Aext AT
WAL A, AR SIS, B
PR R ARV, A L I 5 4 R AR R AR N R A
J
SODFIPODJE i ¥ 7K P9 1Y 15 P 481 B
., XM RGN AR R BT ALK 4T
PEPLI, 28 °CF, & i L 4% 3% 41 SOD il i 14
(1#12-a)7E 24 hitf 1 2 T} 5 (P<0.05), Jf 3 R
HRZH (P<0.05), Tl i 3% 52 40 FF o B POD 17 7

120

nmP+B mP
=
£ 100 ®
2
# 3 80
nt s
273 60 .
x #*
=nQ
ﬂo = i
x
® 20
5y
0
0 6 24 48 T2
i 6] /h
time
(@)
45 .
NMP+B mP =
40
g 35
Sz 30
S
=g 25
i .
gé 20 *
o
N IS .
& * *
5 10
5 I
0
24 48 T2
B [ /h
time
(b)

2 28°C TR WPySW2xIiz &3 & (LB
(a-SOD, b-POD)3E MBS
Fig. 2 Effect of WPySW2 on SOD and POD activity
of P. haitanensis at 28 °C
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BARE S LA MR E(&2-b), 24 h PODJ
603 B TH(P<0.05)ik 8 ey, 48 hilh i 3 T %
(P<0.05), {HFFEJ5 M EGTEAKIH & TX R4, =
72 hE A /NG EE T RN 35 . X R4 12 hir)
6% B FH(P<0.05), & TG4, {H24 h)5
PODISOD i #B &k 2 Ik T~ I 1% % 240 (P<0.05) .
B b R s T e L0 R A b R S A T AT PR
HE B g AT P LR X B K ) T AR

MDA g i & Ak = A, H B e Al i A
Y20 P RE A A R ) R AR AR, AL IR
FUGT FRZH MDA 2 # 76 6 hif Ik 3 | F+(P<0.05)
Ik B e, UL R AR R P AL R SR R AR
BT — AL . A EBET48h, H
A B 1) i T e S B 3R 4 MDA B #R  T X R
4, JLFAET2 hAT, RIS MDA R &
EE T RRAL(K3), R B RN IR
SEME N I A A AR A

160

cP+Bm P
140 =
P .
g =
R 100 s .
I S 80 o - |
41 <
gg;% 60 *
™ 40
=
20
0
0 6 12 24 48 72
B 8] /h
time

3 28°CTWPYySW2 Sz &AM S ENE I
Fig.3 Effect of WPySW2 on the content of MDA of
P. haitanensis at 28 °C

ALY 1 AR e — b A 9808 T ) TR
IRV, BRI AR 20T DL A0 A R
IKBE ST, X 4 AR B A A 4 5 LA B A R ) £
PERPY, 28 cCF LB FRA NIEEE A T
BB, W B AL BOE SR ) R RS A
P L R A 12 hi nl A PR R A ks B e
I W w5 T X B2 (P<0.05), 24 hi 3l T
W, AR T4 IR ZH (P<0.05), HFdhiEgRanl
RO SRR ETHER— AT R (K4),

Pro@2 YA N EE BB MY, BIF
A P A AR S S A ) T A2 BB B 5 E A P
SCERHT6 h, B IR IR 4 45 558 Y Pro i =
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25
rP+tBm P

2% 2 z
on
22 I T
:/ 8 T 5 =
I = 15 . ,
418
o g
w5 10 T
alies
Ko 2
~ 5
o 2

0

0 6 12 24 48 72
5 [H)/h

time

4 28°CTWPYySW2XHiZ &K AAMER
SENZM
Fig. 4 Effect of WPySW2 on soluble protein content in
P. haitanensis at 28 °C

mTEXTRA, 12 hE AT, T24 hik 3 &
%, IF W FME T X B4 (P<0.05); Ff)m, HLiiss
HEProfy i 2R 1 FF, F72 him B35 Taliks ok
ZH (P<0.05), %5 B8 20 A% 4F 1 508 22 05 s
TRERRES, FE12 hakBIIEH 5 BRI, 2£72h
i R F AR T 3R (K5), W A Prof E7E24 h
AR EIMKREME, SvEEED&ENEk
MAM P . ProM A EMHEHEZEBEMTY
B, ZHEMAEER, 24025, mEEdt
KGR 0 b B S A0 B 2 i I B K A9 38388 TR ke
60 oP+tBmP
50

N
= 2 40 "
w & 30
= 520 .
= 10
0
0 2 24

6 1
i [H] /h

time

H *

7 =R B 2/ (ng/g)
free proline content

48 72

5 28 °CT WPySW2xI1z £ 35375 5 Bl & B4
SENFMm
g.5 Effect of WPySW2 on the content of free
proline of P. haitanensis at 28 °C

Fi

[t

BN A PR L . B M T AR Y
B OR, SRR SR TR AR

ARG, ZF R R X b 2R S 0 9 I R A R
A —EEHAER (K 6). InER 3 REN

3.0
CcP+BmP

25

£ H & R /(mg/g)
N
[w]

il
APC conteng
o — —
W (e} [}
I
*
13

o

0 6 12 24 48 72
I [8]/h
time

(2)

CP+BmP . *

12 24

B 18] /h
time

(b)

B4 A& R/(mg/g)
RPE content
[\ w N ()]

—_

(=]

48 72

5.0
C P+tBm P
45 *

4.0
35 .

30 WO
25 o
2.0
1.5
1.0
0.5
0
0o 6

6 28°CTRWPySW2XiZ &KFRBEEBLSE
(a-APC, b-RPE, c-RPC)HY £
Fig. 6 Effect of WPySW2 on the content of APC, RPE
and RPC in P. haitanensis at 28 °C

RPC content

W EE &R/ (mg/g)

12 24 48
FF 1] /h

time

©
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(APC. RPC. RPE)%H B IABfEH—2,
TE 12 hik 3 fe il o T 3 3k 1 57 20 1 3Fh o I0 4R
ISR AE6, 12, 48F172 hitf 44 i 3 & T % B 4
(P<0.05). 712 hish XF B 41 158 6 30 1% 57 41 i
MR & i, WL R AN EN S
i 43 7 W RPE 5.58 mg/g, RPC 4.33 mg/g, APC
2.44 mg/g; XFHRALMY F 45 ) W RPE 4.57 mg/g,
RPC 3.15 mg/g, APC 1.62 mg/g., 24 hitf 5 3L5s
FE U IR R B IR (1 i AR T X A
(P<0.05),

Zilb, 28°Crmilld ., SXTIRAIALL, FE%
L5 IR M I8 5 SAE B IR T (0~12 hAE ) i %2
TR AN B R A B, FE RS
TR i AR, 35 58 S T 32 1 1 AR S8 0B e
TE PR R . T SR IR IR R S b IR
AR R TN R

3 Wi

XiongZ5: IR HZ 1 720 °CE 14 T H bk WPySW2
XIR R ERA —E e ER . R, &
W as T, 28 °CA M T WPySW2X 14 53¢
AR T — B E PN . X PR TE & IR
T WPySW2X| FIn 83 I RE kA= T 54648

e A 25 S AR N TE R T, R
JEE T M AR R i v ) AN R i I TR Ak Sk
MDA, ¥ [T i I B 45 ) 1) 5 e PR 27200 24 i 7 Jk
ZENEMEEAGESZE SR PEA RS
P R NP E AL B S M DO R Y. R, &
U A A ) 1A E A 5 AR BOK A, SRR N
CIRGRCR EoR) =%~ 3 FE e Py K-V vas qil)
o, WASMBERMT RS, HREMA
2 555 i W W, OS5 R RE )
D07 e A 5 0 k2 A R 43 0 AR I 5 4
I 5 HE T BEAEUCTIHE20 o CAF T B R 45 SR B
P H B & B0, 28 oCmy iR X 45 58 3 i A K AT
RS . BERTREH AT —E M, £
BERMNIL R RGRIFAR . SR Y BTG 1 S PR R
S EOE AT R 2R 5 SODFIPOD G Ty . it
MREAAYMDAE T m . ATEMEEASET
W, X 5 ALY Yang 5t T Hubhin T 4
S A AL — B, Prody i 55k oT
13930 CCAMF T Y BT A 7 3 28 S i Bl A Ok
I H B E R THAA2 CRGETMER, 5o, &
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MRERE R, SESIEERAREREAS
—EMRHVER, XCSEHE T A S AR S BN
) IE B 1 o B I B o T 0 A A 5 45
R, BEEEAREENHCARAMRIP AR,
HAWERENABEMDIGE, Wik, FEEk2Z
JE B, MR EERREE A E RS B T
R EPrai LY, 25 L, 28 °ClRim X T 5%
MH & — DB RR M, BERESTLAEES A o
TR

Tk J3E 2 5% el Y 2K A A 0 A s 2H RN ) RE 1Y)
FEAFNERED, SiRAEZmERNAER, R
I 23 B A b 25 A8 40 1 A R AR . TR R AR
AR RE 85 52 ) T AR W RE TS B S 458, W Towns-
ley S PO R WY, 2 TR A8 W) IS %) JF i 32 ik 32 A
. Kamjunke® & BUAG R T 76 o e AL 35 2 R R
o, YT SRR AR Y R SN, (H R s il
I A ) 3mSR AR Yy R b, HEDY AT R
P R R R B T e R EUMUAE Y s R oK A
ML SR, 53k, W Ew Rt &2
WIRREZ W, MAEYBRMAREGESEEA
By B SEAIL AT A AR AV A TR AE R IR
PRGN PR AR 3G 08 Y, T T AR A [R5 75 0
A R R RO R 4 R 1 A
SR TN AR AL IR 23 X6F TR E O 22 77 A I 2 R e
Wohlers-Zllner=5 214 18 I 5 A5 1k 25 M0 A% 358 b ik
A= W B T 2H B DA R TR AR ) 5 AR 2 T 4 i 4
ARRNBESRE, SECRELE MWL
AR ARG, 7E28 °CTR 5 FRMIII(0~12 h),
ZEHAF A B I A S R R IR SR IURGR, A B 57
1 ST T SN 7 N o o (= A E - S s g
S F N R AR AT R AE W ISR R, 24 hif
U2 WPySW2 K 1 B0 IF B iR e LE W F- &
W1 JR AR A SR 28 CAR 2 HRLAT TRT 14 PR 3 B
TS RN ERES, S0 o R
4 TR 7 5 AR 2 TR RS A 1 A R 1S T
WIS AP RS, Bt — 28
TR NI TEAE. /PN (=0 & Nl A VDS i3
FRHH R BT 00 i PR AR W) AT IS W, DL
RIUABE A Y a8 e R AT S 3 M T
WX E

SE
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Effects of Bacillus sp. on Pyropia haitanensis at high temperature

YANG Huatian, XIONG Yuqin, YANG Rui*

(School of Marine Sciences, Key Laboratory of Marine Biotechnology of Zhejiang Province,
Ningbo University, Ningbo 315211, China)

Abstract: Pyropia haitanensis is an important economic seaweed cultivated in the East China Sea. Its optimum
growth temperature is about 20 °C, and the extremely high temperature is about 29 °C. P. haitanensis is vulner-
able to disease due to high temperature or hostile epiphytic bacterial flora in the phycosphere. In this study, the
thalli of P. haitanensis were co-cultured with Bacillus sp. WPySW2 which was proved to be probiotic to Pyropia at
20 °C. However, the experiment was conducted at 28 °C, an extremely high temperature to Pyropia species. The
physiological indexes such as relative growth rate (RGR), activities of antioxidant enzymes (SOD and POD), con-
tents of soluble proteins, free proline (Pro), malondialdehyde (MDA), and phycobiliproteins (phycorythrin, phy-
cocyanin, and allophycocyanin) were detected. The results showed that: at 28°C, the RGR of co-cultured P. haitan-
ensis was higher than the control at the beginning, while the difference became less significant when the co-cul-
ture process continued. Both the control and co-cultured samples rotted 4 days later, and the conditions of co-cul-
ture groups were worse. After co-culturing for 24 h, the activities of SOD and POD, and the content of MDA in co-
culture samples were higher than the control. The contents of soluble proteins and free Pro were much lower than
those in the control. The contents of phycobiliproteins in co-cultured groups were higher than the control. It re-
vealed that at the high temperature such as 28 °C, Bacillus sp. WPySW2 could promote the growth of P. haitanen-
sis at the beginning of co-culture, however, when the co-culture process continued, the bacteria inhibited the
growth and the physiological conditions of the algae. The results indicated the phycospheric bacteria could change
the ecological functions when the environment changed.
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