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BREEILIE TR, M T 8 PRIEFRAN BXT F AR ZLBR VR A0 M 25 B2 VWK pHL MM R RIFHF R S BV, SEI kP, HS 43R 7E
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*  BEEIWH . FSEEETT R R IR A R

A T RE R ORI B 7 ) HE BRI & T

HREIE B W5 5~ B 7Y & Z 2 58 (Azospirillum
brasilense) 7] LIMESE /NBREE (Chiorella vulgaris) B4
KU MR 9 B 8 (Rhizobium sp.) BE AR #F 3 1§ A< %
(Chlamydomonas reinhardtii) . /NEREEF AR ECE (Bru-
cella braunii) (AR 55, BRT T W AR 20RO 3 PR
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BTSN R HAR B A e 1y ot A AL 1 B &
T NPT RES: S0 A 2L BRIE A AT R R A R, B
AERBDEFME. PRI AR L1 Bk 0 PR A0 I 2 b
P AT T A ZLBREE A K 0 A fi e I H A A
it AR R A T A 20 Bkt 2 € B BE AR L 5 1y 8 T
B E R AT AL PR AL G B BEAY IR R AR B X
ARLLEREEFR IR BRI TR T L. AR
KR IR B PR AN LB 5900 B 1 LR
HIRAAT T A LR BB PR A A . IR T T AR 2L Bk
BB AT B SR A B A Z2 AR IR AIE 165 rDNA WP J5
TS 3 0 TR SR 5 K O 32 ) Y R R AR B R a0 A
90 TAT AT T A A U T 5 Ak T IR A S el I B
o A B — 2 RV TR A L1 BRI AR K R R AR Y
SN . TP P P 40 TR A £ o R AR £ R A W A
FEE R AN R

1 SR pR

1.1 MR EEFE& Y

ARSI P B B Ol W AR 218K (Haematococ-
cus pluvialis) , g [EEHE R 32 20 5 BE2E SR B 0T
FERL AP IR, HRKMTEA LR 2000 B R4
THUEHIE IR B AR A AT
OEf AW B B AR IR B 23 °C5 JG IR EE: 60 pmol »
m~ % e s JERE R 14 hs 10 hyotiR: HOBAT .
ARz FFRiRE 26 °Ci MR . 120 meI *
m e s BRI 24 hos 0 hoBIR: BOGKT . SEER AT
FHFN AR ZLBR B 97 By MCM BE 2 5220 pH 8 58
6.99~7.03,
1.2 MIEIEFRERIERES

53 B ST I AR 2T BRI PEPR 4 1 AR K LB #5557
TR FE B A B IR BT 28 CHIRRE A,
28 °C 180 r/min $EIREL LA F TR
1.3 i{FIA &

PARK EER KRER A VEER. &
R VHHE R T AL R EREA RA A A LS
BB FRRA N L SR AR S B AL A &
FL il MCM 555300 0 it iR 34 7 [ 25 2 131 4k 2=k
VA B2 W) 5 PO 40 38 R 8 77 2k A 1R 1 T Sig-
ma-Aldrich 2AF).

2 SRk

2.1 MEAKEERARNS BN

R ITE QRN & 8 IR 4 1 T HR AL T
AR R L SRR 1 2 10 AL BIERR T& A 270 mL
KW MCM 553780 500 mL #EIR A I8 3 A
R BETRCSE PR SRR — RE A AR 20 3 IR 100 L 3

SRR O LB [ L. BT 28 C
PR TR FRAE » Fr It TR ST BRIRCB IR % T8 iy LB
AR TR L B AL H 25 & RIa R V%, H s3]
SR
2.2 IEERE
2.2.1 XA &R DNA B4l fb 4 (1 08 vk 1%
Pl LB WS 55 2, 28 °C, 180 r/min fH i $5 JREEF 57
24 h,8 000 r/min B> 5 min AR K, F ] Bacteri-
al DNA Kit {7l GiA 3R B 4 7 DNA,
2.2.2 PCRy %  DIREUAZH A DNA AR, R A
4 16SrDNA J¥ %158 F 51 ¥ 27F (5" AGAGTT-
GATCCTGGCTCAG3) 1 1492R (5" TACGGTTAC-
CTTGTTACGACTT3) 47 PCR #14,
2.2.3 FHR BB AR W Uk BOH AR B PCR ¥ #4451
J& » R T B R I H UK, SRR - 1A 25 5 . Rt i1
) PCR =¥y b J5 28 t A6 S0 R R A IR mJE A7
¥ o B FII R B 16S rDNA P 5148 NCBI | i
17 BLAST &, #255 & th 4 18 17 41 I % %2 NCBI
D355 FFARAF R
2.3 SR AL ERRRIIRE

ARSI T AR A5 B R TSP AE RIS AL B R A
CLBRPETRWL, 45 5 [ A 5 B Al AL AR AT Bl A RR A2 21 3R
P, B HHUAE BB R EEE LA R
HHER CFIER RRKER ATEEER. A4
JKBCHIEF 10 g/L A99iA: R B IR A8 7 2NBR 1A
4 Pt A 2K R B 43 3 B (100 ~ 1 000 pg/mL;
100 pg/mLy— 80 B A0 PIFR A 2D BR i R (3L 10 4~
PR AU E 3 ANEED Y R AR A
ZIBREE B F B AN PP B S IR SR 6 dUIR
A B AR L1 BK G R R, R RO I K B 77
WVEDR 3 I BB P R s W I s i
PEFD,
2.4 AE R

AL i R WK R K, T2 K LB ik
FEFRW 250 mL HERHEH . 3 REESE 24 h 5 (T:28 °C;
180 r/min) s SR A H M S AR MW 1 ¢ 1 A9 LBl R
FiF 1.5 mL RAFEH I B T —80 “CIRAE.
2.5 BELIEFE AR

G3RIHC 100 L RF ) B T2 K A 1 LB A
FRARW 250 mL HEIE A SR IREE 3% 24 hy KM
50 mL B0 B AR WO & 0, BRI JF K
MCM B 5200 3 IR T8 T fiF MCM B; 520807
#H
2.6 EEHIES

T& 265 mL K EEFRAT 500 mL 4R, 5331
T 30 mL FEHRETIEATIERN SR 543 BN 5 mL BT
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BTF ODyoo fHHy 0. 50 Zigy GERA N 10 ofu/mL) 1Y 7
W, FTIRALAS IRV LA 5 mL K MCM 5537
R, SR E 3 AN B, HAEE, FEET
GOMBIEFAMN TS, BEFEE 10 RIW4A
CLBREER RLLA N B T 857, B R
D PSR AR ZE . BRESER 3 K,
BEATLAZ oA T AL B 5 DA G B 200 M WG B L 0% DA S H
TR B i R 2%

2.6.1 EmpEEaME FEEMES 1R, BRI
4 mL BT 5 mL B0 CRURE BIFE 5870 48 5J B
DL ORI BT 38 B 1% 22D » LK 1) MCML B 5530
W BT 1 1 A B 100 pL R JS M BT
0. 1 mL B3I RE 4 THEOHE o AR RICR X100 5 62~
BRSO A TR B TR 3 IR DA
Bt B TR .

2.6.2 $k pH mi & RS 1 R, B RH4 mL
BT 5 mL BL.O8  CBORE BT 840 88 ST LU B
WAREAIET & R AR ZE) . M Accumet. Fisher Sci-
entific pH 11 ¥ pH 1E.

2.6.3 vt Zague BRI 4 mL BER
T 10 mL 0B L, AR BER. RAWEIL A
T R R R SRR

264 FFESFMNE  FrERNAE LR 4
AFLLIE A3 AIE 4.5 mL BT 10 mL @08 T O

2.7 Fit G

PR BE R A HE 37 A~ I AR
PERUE . B TR b o O 22 SR K A 45 SRy m] . fif
FHZ 4 IBM SPSS Statistics 22 BN E T E0Hr, @t
T 253 CANOV A Iy B3PS P BB A 22 7 1 2 e
ARG 22 S A BOE R 40 T, 45 R 22 7 B 3 M
7 Duncan K5 (/] excel BAFAER .

3 gER

3. ERHAENSESERE

15 RN HESR T AR LLBR PR P b b 53 9 31 8 R4
B 485 DBQ.HS,BTH ., DBB, XBL, HB.FH,
JH, Sy e B R AR E G0 1 Fos, I i 1
F7s o MR AL BT AR R TR 24 ) e A R 4y R 8
FRANT 16S rDNA 741 4 NCBI R b #47 BLAST
Xt 45 DBQ.HS.BTH . DBB, XBL.HB.FH,JH
I B 3T Pseudomonas sp., Methylobacterium
sp.~ Chryseobacterium sp.. Bacillus sp.. Paracoccsu
sp. . Planctopirus hydrillae .Rhodobacter vinaykuma-
rii « Brevundimonas wvesicularis it 16S rDNA J¢ %1 E.
AR ARE . ¥ 8 BRAE 16S rDNA J3 51 5 HAH
LR Y 16S rDNA Fro M i) RE0 K B N 2
Fin. ¥ 8 BRANTE 16S rDNA )41 b & % NCBI ¥
v, R 15 & B 5 4 B o MK675106, MK675107,

F I GO B R G B RBE BB P MK675109, MK675110, MK675111, MK660006

SR LL S 0L, TR A oE 24005 .k MK660007 . MK660008.,

RSP R M AT TS 5 2

R 1 EPRYE RIS
Table 1 The apparent characteristics of bacteria in the phycospherea
%5 [N Eisa! 2N Ik EHE KPR E
Number Colony size Color Shape Edge Transparency Viscosity

BTH /I e 1154 I TR ST AR B
XBL BN B NS 12154 B3, 8w S L BORAR . B
DBQ N HeE 12154 #3570 A% 5 BORAR . B
FH BOR b EARGA 1154 57, N AFEH BORA, Z R
HS B a6 1154 I TR AFEH BORA, Z R
DEB K HE A KL AEESE T AFEH AAET, R 5 P
JH LN BHO 1154 #3575 A5 BORAR . B
HB BOR HeE S EIEIN AEESE T A5 KRG A5 P
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Fig.1 ThepictuQeofthebacteialinthephycospheQea

3.2

PR ERE RSV Fidi A ZH GRS AT
B FREE SR PR AR L1 BRCE — [E B T K M C MBS
FRR PN EEE 7R3 ~5 doF RIEHZR LMEHIAESR
5 s ARRETE oy A o AABRSE R NP R
EEOREEM T EEIMCMEEF= R H R 7:5~T7 d, 37
FHZA N Z 1B 5 IM C M | 75 5% 77 B R A I B B i SR
RATEHEER FINER KARER @ VFEE
24600 =g/mLIVELEHiAERAGNESM T IR S40
FRRAE LTRSS o HERF AP R Iy Fridt 77
3.3

YIEI 3R © BEF Y K EIEEORA LIRS E AR T
WTE » DLk G A REDR D = A AR Rz« PRIXBLSE
96 AR AE RS = A2 AR Tk HH B 4 REL TR 1T ELSsE 4R
AT B R B3 TR KR 2= R’

PE R Gt T i 7 A B 2H LR N IR 4H A AT R 2 2

==

HHE T LUE B RS M B R i v R Te;‘ééﬂiﬁa
W EHAFAT R o) B REES 7= B (8] 2B T RN W B -
1~5 d, AR R Rk iﬁﬁ%Fﬁﬂiﬂ&&ﬁéﬁ
18, BB R A 4 JBG A TEBE FE AR TR R 58
RKATHR T FEATEEES, R R v REE RE A B2 3R I [H] B’JHJD

SRR EEATEN S B DL RS SRR B S 2R T

;&Hﬁf TEIRFE - dHAEEE R FH a ) BE P FE £/ 2. 50X
104cells/mL, 1= HSAAEE £H 1Y 55 O R IR 15 = A B &%
FiE 2 3. 65X10s cells/mL - B23255 1—7 X [ DBQ
HB 5z FHSZAERZH &b A2 A B 2H F2) VoS5 AR B o T
FYR N B LR I E AT B ERE FR 45 R A HS
DBB 2/{™AHEZH iy AR fE AT a4 (C) , HAY
FHHSIAEEZH FE QR AR RS (T2 = T IR HoAth

PRI B3 - DBQAAEEZAAEL0 diyEEs+
AR R T HR AH DR LA AA T A 5 LA AA
A PR AR PR T IRA  (E S W IRA Z R IR
3 - LTI IR ER 2] AT ZH s SRR L RS
Gy ERAE— L AR [E TN IR 2H KR 55 55 SHREED 53 BT
1E BB A IR E R RR =AY RN
3.4 pH

B A2 & LI AT RS R A2 i pHAS (L5 00
SRS AR B2 SRR ZapH 6. 97~7, 03 - 223110 d
HIEE IR WHIB L pHER = A 209, 36754 , HAth AR
#RIREN9. 00T = PH B ATEIpH g L
KL R B N R T SR AR AR R A AR BT DA
P HEN A B 17 5t o UM I T 52 Bt A 2T BRSBE Y AR
SFULES] o S N
R R R B
35)14% TiBHRR AR LT EREE L AR E A K - i &5k

HIIPHERIEFE 3~ 5K A BEERIN Hant(EpH

RN TE FREIER TR AT - RSB EIHA
FRATS 2R AT IR 2 S EPpHIE S2 iRz
BRNENA, SR R A —E iR E
3.5

ESE&RRAMEFRAET R R EEEL
(BB - RIEE SRR 4RO 3 S R T A B fS
HVEE SR 1A EIEL dEURENE , 2R IR G HAE R EURE
ME SRR EE - EEETU\EEHTW%HHI‘ETJE’IT/&UT
e %Wéﬁﬂﬁ‘@ﬁrﬁ—mﬂ’ﬁﬁw\@
R EFGHANT FZREBLEEER - 6~89€
FxHB DBQ  XBLAALH AN = AT AH FR g £ 2%
SEAANTWRAMHS WIRAH LEEZER 53~

B8R FRIGHM R S EE 2R LI ARESs 1
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B A E IR S 2T R SR IR EE R xRN E AR T IR TR A SEE RS T
N2 58~10K PR 14  DBQIARH S| HA SRS 2R Z M I B A TRV I RO RAVAA B2 AR
HEE AL R MRS - 555 559~ 10K, R INE I E TR AR A SEHFER S IHE T
IRAVAAERZ M2 28 & BRI R & T IR - 5% HORM xR S BNE RN M BRIRZY RN

Paracoccus sp.strainKSTI143
"*Paracoccus marcusii strainCL02
-XBL
Paracoccus marcusii strainK3AsNAOOO la
7?/?0dobacteraceae baceriumAN26
| | Paracoccuspantotrophus strainNJUST38
Paracoccus denitrificans strainSDTIS8
Haematobacter massiliensis strain 18JY13-8
Rhodobacter vinaykumarii strainDBNRh 19
FH
Rhodobacter sp. YS8
Phenylobacterium sp. YIM 73061
~ Phenylobacterium sp. P-28
— r Phenylobacterium aquaticum strin W2-3-4
Phenylobacterium sp. B2.34.2
Caulobacteraceae bacteriumALCAN524
F Caulobacter _sp. WTH_01
Caulobacter sp. URHA0033
__r Caulobacter fusiformis strin_3-12
JH

Brevundimonas vesicularis strin KMDH12

Methylobacterium sp. WXGSY3
Methylobacterium sp. OTB46
Methylobacterium sp. OSB1

DBB
Pseudomonas aeruginosa strainBGF-2
__r Pseudomonasfluorescens strain pfl
[remmeeee DBQ
*Pseudomonas mendocina strain PM2011AHO 1
Pseudomonas mendocina strain PCS-DQ178221.1
Pseudomonas mendocina strain Pc4
Pseudomonas mendocina strain IPL-1
Planctopitus hydrillae strain Jc280
HB
Planctopitus limnophila strain Mu_290
—Planctomyces sp.
Planctomyces sp.(strain 599)
Planctomycetes bacterium strain VLbF2
Planctomycetes bacterium strain PIm2
Elizabethkingia meningoseptica strain ATCC 13253
| Chryseobacterium gregarium strain XA2-5
Chryseobacterium bovis strain G55-316S
Chryseobacterium aahli strain CPDB5

[ Flavobacteriaceae bacterium 3519-10
0.05 Chryseobacteriumpahustre strain NBRC 104928

E2  BHRERAE ATL EH
Fig2 Thephylogenetictreeof8strainsofbacteriainthephycosphere
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Fig.3 The cell density of Haematococcus pluvialis in co-culture of algae and bacteria
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Fig.5 The chlorophyll content of Haematococcus pluialis in co-culture of algae and bacteria

3.6

P16 S 2R — 4 B o Pl A £ 1 BRSEE 5 R B TS sE T
WM 2 AR o PRAE LIRS LR T S (0 [ B RS
I SRR IIE] —E A H i U R R A U
PUEANAE AR A ROV R B - SLIL P XA
HE A —E Rt E AV ABLH o (A HSAE A
b XA EERIFA B I REE N
44. 3547143. 84 /Lo HAth A H L RN A 21 2 s
REERTWRANSWIRA T EEAZR - DBQAHL
SRR BT IR HIZ AR AR A 2R
SESWRANHEEE AR - @i TR AR
HEam KUDBQUM A RIS ZARET
e T IR R H A A B [N IEE DB QERHYA Y
B e LR R LRI I BN T s A
AR A R BRI —ERI LS - HAAERH -
AP AR S B R E T RS R E B &=
=

“itit
BLfr B R TS IR AR AVIR B RS HR IR A E A
BEA TR - ATFERIT JA M AER IR H 2R R

5 EER B 1%HITAEY) seer o EAEARTEG AL S
BEFRITESRG T BRI , AMNERTT T ZELHhSE
I NP A L EREE R nT B R A B Y AR O 5T
HXS AR 2B A KNI B R RV (T P51
Fehlli - MCERPRAERIRTE  ZBRANFETRIRM THYE
brr R AT IS R HELTK ML B SRS IR AV
ATEREEIN A B IR E VSR 1 A5
o Z BRI S B E R A B B S Y R KR
o ZIARANRIIA (SO SEAIRRER B T =57 8 FRATbR
Je [EIN A PR A B Y A B EER B TE IR - 0
FHEPRAE LAAS T[] Proteobacteria 7y = %15
[TAER 2R RO PR T B B 7.27200 EIRPAE
CLBREE KIS H S KM M EDR MR L 2 42
R = 5540 st fe rh LT ] Bacteroidetes)
Chryseob,cterium Sp. 2L E R ZEIRTEALE A
MR o LB BRIV E S os1 » S9IME WS
TH7E2#8H Paracoccus sp.'Pseudomonas spﬂﬁﬂgig
R EAERANUTHYINIRE ST 200

H AR SRS AP REsEn 77 A H R 2 - FIf s
—HYBRE AR ESCRA B BRI SEEER
BAE - ALRPRAVGE G- EEF ~REAVEER
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Data with different letters at the same column mean significant difference between each other (P< 0. 05).)
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Fig.6 The astaxanthin content of Haematococcus pluialis liquid
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SRS T SR AR AT 2P R AR SR
RIZ&ERFRAG AR « TSR s IR e A3
5 20k E R DBBHS Y541 a2 S 3 A (e gt E A
Hoy5/E T EEEE ] Bacteroidetes) A2 o YT
A B B AE RS SR AT A 5 4T R 5 P B 0 T (RS 77
[EHAIIR R A R A Ry BH S TR P RE R Ry RS TR AITEA
FEFILERR IS It R s S dpanyE 7%
T A —ENEAMER R e s 4H R & rErg i
MmEEE TR EH TS E R EHREa R R RE ]
e S il iE T R A5 Rt
BUNEIERT ; 55— 7D RN 43 SV B R ER 72>
R EZ BB R R A& I, R el A ﬁwéﬁi
B A= A E R iz se 4R RE N RE AR e
[E AR 1 TP AR B Y R BT 7 A B R o éHElH@EI’JE
FHIZ B DR 53 34 A= RS E AR = dh R b
?-757 %.%%E,jﬁg&aa;%lﬁmﬁmﬁa PRI AE LT BR s A
SO ER10REEFEA AR HpH LT HIEE R oA —
7 T Wi BH PR AR LR N B 7R R H h pHEY SR P E R R
72 [EIRT 150 BH S5 AR Rl 1 B SR R SR A i 2 P e =
FIEE NIWHSE & BRI 2 osg pHIV A B S
EFRERENAAFE —ERIERNE o SHIMELIH
FEHRA RSB B TR G, PHAYT SR ISR e
SARMFEE R o ZI0HpHEREFE1~5 d
EERHN X AT DR R ELACERAERE T RRAEIEK

SEANREAYA W AR K BIE IS MCMEE SRR TR AR iR h
PR RIP AE 2L BRE A A b oo i B Eh i i R iR
TR P T MD I 20 B I R { P PR 2 SR S N A 2 T ol
o[RS AR X BE AR R SN o 2= 7 AEOH A1 H20, i
Bl Eh (B = AR OH e RE BB s i b 2 S5
pHﬂTE]EI’J%%J?I  WAIIE BRI N Z B HHEY
Mt ESECERPHE SRR {HPang: s HYE
QIMEFI il 33 of L Z BB TR AR A LU BRI
BE a5 R G TR EAE & SO/ AT i i AR T AR L 0 45 T b
9. 308YpH ° JH , FEbk R HAtIE SR R A A = =
RERERRNA - sxtaf B aiER T CO2/aMRE
W EERPHA M EESHIREN R, R
PEFRITRCAHRIAR R S E TR T,
SECER T CO2WRIETE HARE RN INES AR
HAME TRE = REFIE Loy CO=2(#15%
R CO27Ef LI
SA Tl BRI AL AL BR R AR R ZR AR
NFERER AR R R ALl B AR LR
furfir S RS ESANEE BT ARk
TBIHEA SR A G N oar o BRI SEER S ENTIL
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Effects of Cultivable Phycosphere Bacteria on Growth of
Haematococcus pluvialis and Its Astaxanthin Accumulation

LI Yun!, LIU Fa-Long!, WANG Qiao-Han!?, LIU Yan®?, LI Jing-Yu"?, GONG Qing-Li"?
(1.The Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdac 266003, China;
2. College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: In order to explore the diversity of cultivable bacteria in Haematococcus pluvialis phyco-
sphere and their effects on the growth of H. pluvialis and its astaxanthin accumulation, we used the
traditional culture separation method to isolate 8 bacterial strains in the mixotrophic culture of H. plu-
vialis. Based on 165 rRNA gene sequences, strains (DBQ, HS, BTH, DBB, XBL, HB, FH and JH)
were found to be highly similar with Pseudomonas sp., Methylobacterium sp., Chryseobacterium sp.,
Bacillus sp., Paracoccus sp.. Planctopirus hydrillae , Rhodobacter vinaykumarii and Brevundimonas
vesicularis , respectively, We used 8 strains as the additives, and studied their effects on cell density, al-
gal pH, and chlorophyll and astaxanthin contents of H. pluvialis purified ahead with antibiotics. We
found that the HS obtained the highest cell density on the 9th day, which was 3. 65X 10° cells/mL, sig-
nificantly higher than that of control. DBB increased the cell density; however no significant difference
was found from that of control. From day 1 to day 7, the change in chlorophyll concentration was the
same as that in algal cell density. At the end of green phase, the concentration of chlorophyll showed a
decreasing trend, indicating that the chlorophyll in algal cells changed to other pigments and marked the
end of green phase. At the green stage, the pH of algal liquid changed greatly, from the initial of 7. 0 to
about 9. 30. However, there was no significant difference from that of control at the end of culture. The
astaxanthin content of HS was slightly higher than that of control; however, no significant difference
from that of control. It was also found that the content of astaxanthin in single algal cells of DBQ was
significantly higher than that of control.

Key words: mixotrophic culture; Haematococcus pluvialis; phycosphere bacteria; growth; astaxan-
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