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JLAEXTER T 46 SR K R R/ N g IR 5
HYOLl I BYEE R A E &R R

B ERE? £ @ F4F' AF54E'
(L. WL TFINT 008 WL Ve TR R AT 0% WL FHL 3160215
2. WHLIHERHIFERE SHOARER WL L 316022;
3. K PRREB SR BT A AL T RS SRE R H 266071)

W= JUHNE 3T EF (Litopenaeus vannamei) L) W3R FA M P, —HEEEARE Y EH K HHh %,
HEAMB NI R EE—ERERE, BUALFEMAEEERLE T, é?iﬂlﬂo 3 E 3t %
BERH#ATHEAMN, NALFEHFEET RS, Z60TFTEDFRA, K2 L EEKRNHNE
B3 HYOI (Actinocyclus exiguous HYO01), 3 20 fi B A 4 % (11.4£1.0) um, w@ EHRZ /NI, K
BHATATN, AP WA TERRALHG, THAEARMEN, A5 NMNEHR, UT
Bl E B A S 80 AR R/ % HYO0L, £RE R, /NI % HYOL H Al A & &40
WMARMIATEK, RETEKWAEHSQRE 254 600 A1 882 pmol/L, 18 L&A & Wy & IR B
MNEFEHYOl WRAAREE, REhEKEZUREGLEHNRTUHSENER, TR
EI % HYO 7 @ E & WA A A, Taﬁfr’xmﬁf? & AH — TR
KR BUNEIRE; SR AR WAL AKAEE
hESES Q175 XHEFRIREG A iaéﬁﬂ; 2095-9869(2022)06-0207-09

TE 5 2o 0 LT 4E B, 3% [ R 2 R o OB B G R A OB 4E 32 4%, 2009; Chen et al, 2018),
2019 4, PR =5k 145.02 7 t, ;EEF'ﬁjm Fﬁ_ag BE&E SR BEAT , FRAE KA AR IR AR N, 1
[ 83.16% (AR Mb A A R vl v B 45 BE JR) 55, 2020) ., FL K IRE IR, R ERAER, BEST|IEAER
Y15 X W (Litopenaeus vannamer) & %) UF 5 35 58 RO EHAE, 2019), KB, EeA 235200 X KR
Fl, 2019 4EH =5 5 XTER R =51 78.91% (LK 4K, 51 KW E (Tseng et al, 2004).,
Tl v B TR 4, 2020), ST R IR, T 5 25 BT TR R AR S R G A R 4y, T LA
IR FRA L R R, PR 20%~30%0 % . 10%~20% i G AVE WA FH AR rh g & WS 953k, X
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TR RE N Y TEAIGA R i i s i EZAEH .
JFH R AR 0 0 A R 25 37 BB K B A8 3% T SR 5
A 1) 7 TR PR S M (B S 45, 2005; Ramli et al, 2017),
A 55 A AR AL A e TR OO B 4, 2021),
E—TUNAK . REFED . AgR R . TR R R
TR AE R —Rhag | fat R FMIC A ) 57 58 P45 7K Jo
R DT TROHEE a1 1 B ROR C AR K SRR ML h A 2
JZ B S IR GE RS 55, 2021) . BUHES 55(2005)
WEFE T [T 5 A W X e ML o) MR 5 B 7K B RG]
PUwRE ST Bz, ARG A 2 AL B EEEE(Oocystis
borgei) FITH LR BREE (Nannochloris oculata)) Hg 35 57
FEK BT, 2 WS HR T RE 5 8 7 B 4 e ) sl AU it
BT, TIAERIK X AR Y W AL fE T 8ok
Ramli % (2017) BF 55 T [& 22 fk B B 5 (Stigeoclonium
nanum)SIEF K FEHE 2R 50 P A RS ERER 1) 2 bRie
RIIZHERT 2 AR BRAE 758 T X R ER Y LB

FH T 98 478 3 5 20 55 7K 0T 1) 0ol 2 75 R 3 1 A b
AT . JCHR | KRR S5 S MR e B ) 35 7 T
PRI ZH R E, B, MU FRBE 40 5 0 % 38
B, BEAT R T AR AR K B TR R R A R I fe
(BAIHSSE, 2021), 2019 4F, FLAYIEXTUF T fL R4
Wb, —AREESETE TR S W e, AN
BUNH A AN e 55— R R, LR W
TEf S FL A S M A, 78 LI e R I 350 1) S5 7 it
i, IR A RR B R 4 (Qiao et al, 2020) ., ARTIFFE LA
FLAE XS UR T A 37 FE K AR v 43 85 gl 4k i — PRI
OIS, FIHDES 28560 T2+ T-Br, X)
TR, DR TEA R R A A
BRSAE T By A i 157, LU R R o 855 7 123 5 17
TRPUR T A IR K AT K B i 5 2%

1 W57
11 EMOBEER

AL AR 45 T BH 2 0 7K 5 A BR 2 i) LA 0F i T
T AL FEFE ML(36°40'23"N, 121°09'00"E)H HL 500 mL
FREEIKAR, BT UKES LAy IS0 = e KRR T 3
Ak, AR T (Olympus CKX41, HA) B4
BUIAANM, T2 £/2 53554100 48 FLARALIE 37 b
W KZ AR RO A S FRAR R 3R, 4P KB SRR
I ST B i A7 3 3 o S e A 2R R B 3R P A 4
B, A E Al B PR

AL S BRSSO HYO1, K5 3# 46 250 mL
=S, BEFRIREE A 28°C, KEFOLMEE R 2000 Ix,
G 12h 12 h,

1.2 SEEHKHYOLHETE

121 AFRMEER BT mL A T EUE K
AR LE G WAL (Olympus CKX41, HA) T %L
HIESHRE

122 wT 2% B 50 mL b FHeHAERK
WIS, 4000 r/min 2.0 10 min, # W5, 1A
25 20 mL BYMRAR B, INASERF 97% MR ,
F 60°CARIE M 20 min, LEHEIARIAT 65%HY
WRHIR , Ak, HEVEANAG, HARE
JE BRE A, 4000 r/min B0 5 min, F LR, ZJEH
RIKE R DESKR, HEPHE., THREWES, HE
T BB, R,

123 S TAMFER B 100 mL b FHe K
IR EEM, 8000 r/min B0 10 min, F [iEW.
DNA #2HU 7 & (TIANGEN, dt50)3RE0sE DNA, DL
iR DNA J#itz, FEAZEZE 18S rDNA #H 59
EuklA (5-CTGGTTGATCCTGCCAG-3")#l Euk516r
(5'-ACCAGACTTGCCCTC-3")#t47 PCR ¥"¥4, S
T 1% ) B REHEE R H KRG, 4638 3 36 T 7 B
P PCR 7= 3% b 5t B MR W AR BR 2 /1T o
BRI A L E S /E NCBI ] BLAST (https://
blast.ncbi.nlm.nih.gov/Blast.cgi)#f 17 [ VR 50 #r, T %%
S5, W F MEGA 5.05 #F, DL4B 4% 15 (Neighbor-
Joining method)F4 H# R G L& B o

1.3 4EERE HYOL X7 E &E /Y I Kz

SCSTF AR ET, B AL R B U 1 A0 4 i)
2 ol 28 G0 E0RD A 2 00 TR B 8% 35 b WAk R R
2~3 AMER AW, S i & A AR NHLCL, IR EERS
JEA 50, 100, 200, 400, 600 F1 882 pumol/L, FHAA
R NaNOs, WFERSEE A 100, 200, 400, 600 F
882 umol/L, FEANMKEE S E 3 1 F17, KU FR)E
A T BRI 1 5 40 i ol 28 A [ ok B ) S R
TS FCON AR IR, R RIURE, I 5 20
fE, SR 10d,
1.31 Stk HCFE B0 A 0T A i 4
£ 400~800 nm Z ], LAE IR N S LR R 57 FL 2K
Xof FH 8% 25 WO s A TR) VA B e VR A T S 3 L
IR NI N 676 nm. FEAL TR AL
AR SO 1) 3 200 L P8 3 A E B R A AR L
Je2F B I E B AR, ISR S L, B AT T
JEE SRR T 43 Y6 BE I e A K IO
T A P20 LR 3 5 VR O B = [ IR M R R, 2l
A 2 R R G B A R) Y B o 2R (R TE N 4
2013). PRI FE () 5 WEAE (0) Z M2t 56 220N
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y=2x10°x=7x10° (R*=0.999 2)., H1tL Al WL, 1% ¥ A4 21 o
B RO 2 R S MR AR DG, R I R
P14 W Y M s iz i ) A A

B R W HRURE , I 43560 BE T HE S AR 4
R RE WO R, A b R o R A A i e
B, 24 BBk HY 01 AR ik .

Sy EEERR HYO1 (F 2 Ho A KR A F

u = (InN, — InNo)(T;~To)

K, NGRS BRI, Ny R AR SN
T, S MR IS T, T A 200 M S 1 1 5 s ]
132 HEmpEasbEne TR FREE 10 K, W
VRN, ABACIR KA R VR A5 VK, SRIE I H 2
RURTEIGT, G TEMATEASENE . &A
S W TR B (BRI, 2014)
1.3.3 HIEAILL %t o7 BATREE 3 4>
AT, AR EE AT Y S bR 2 AT, B
J& FIH Origin 9.2 XF 45 #F 17 B AR o5& T SPSS 20
RA AT B 7 22 40 M1 (one-way  ANOVA) FlI Al 37,

FEAS T K56 (independent-sample T test), i &K
& P<0.05,

2 HRESH

21 HEEMRHYOLWEE

STESEERR HYOL ROGE AR G T rIE AR
HEDLIE 1, 4> BS3kE HYO 400 2 RAE T, 0 AR
H10.5~12.9 pm, FHEAEZ(11.4£1.0) pm, 454
FoBL G — A RE B (A 1d), ELURT G2 A
iS5 HAr by . RAC PR , FEH T WA T
SR, Hotm FAMRZ/NML, Hoed e iy fL5% K
FEINGM B (E le~g), 72 A 10 pm A 20~26 4
/L, 5Ei %8 10 pm WZYA 31~44 D/NL(El 1e~g)o
20 5 T G A AT IR BE(TE] 1d), 76624 B s B AR AT
o TN GAEH 3~5 NBEER A le~g). HRIE
LB HYO01 BB 2ERRAE, FIW R TN 20
(Actinocyclus exiguus HYO01),

BT Zr Btk HYOL MBS RHE
Fig.1 Morphological characterization of separated microalga HY01
a. b L BB ¢ IO RMBINEE; d~g M T RHEUES; d EP R VIREE; e K L8 mIRIERE .
a and b are pictures taken under light microscope; c is a picture taken under fluorescence microscope; d~g are pictures taken
under scanning electron microscope; the circle part in figure d is pseudonodulus, the arrow points to labiate process in figure e.

SRy — A R Ay B R HY 01 (43 280 A, X 43
BIEEE HYOL #E1T 18S rtDNA § 8 IF Iy, )3 44
J¥ 2458 3 GenBank (https://www.ncbi.nlm.nih.gov/
genbank/), JF5I'5H MW915791.1, F# GenBank
o 58 A AR S R F 8, I MEGAS.05 DLSR
BEMERGERFEME 2), G9RBRIZER TR

B, 5 A actinochilus (AY485506.1) . Actinocyclus sp.
(KX253959.1, KC309522.1)F1 4. curvatulus (X85401.2)
HAT B A

2.2 HUNEINE HYO1 Xt A [E iR B & B B I Kz
WUNEFREE HYO1 EAS[E W J A M S 2N
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71, /NEREE Cyclotella sp. L1844 (DQ514855.1)

99

100

50

100

100

99 HYO1

4| /NIR3E Cyclotella sp. MCO 1 (DQS 14857 .1)

5
100

96|L/\53 Cyclotella sp. CCMP331 (DQS 14850.1)
[(aFb/NREE Cyclotella cryptica (KY364697.1)

S35 /NR¥E Cyclotella distinguenda (DQS 14859 .1)

_L[“ 2 /NABE Cyclotella bodanica (DQ514901.1)
99 HRBE/NREE Cyclotella ocellata (DQS 14904.1)
77 VKT AT, Asterionellopsis glacialis (FR865485 .1)
FIPEIE Plagiogramma sp. (MN473912.1)
100| Z KA T Chaetoceros eibenii (MG972279 .1)
ZKATBW Chaetoceros eibenii (MG972280.1)
90|— BRZ A BBE Chaetoceros cf pseudodichaetus (MG972306.1)
HWEMTEHW Chaetoceros peruvianus (MG972296.1)
9L R M EBE Chaetoceros rostratus (MG972309 .1)
| HHEEHESE Actinoptychus sinensis (AJ53 5182.1)
1001 4=k Actinoptychus sp. (KJ577841.1)
$EHEBE Actinoptychus sp. (KJ577840.1)
AL SEERNEBE Actinoptychus splendens (KJ577842.1)
1001 ¥&¥F 3 Actinocyclus sp. ECT3672 (HQ912640.1)
$BIREE Actinocyclus sp. (KC309521.1)
EINEE Actinocyclus sp. (KC309523 .1)

L IR Actinocyclus sp. (KC309524.1)

o7, $BIBHRIFE Actinocyclus actinochilus (A'Y 485506.1)

EIRPE Actinocyclus sp. (KX253959.1)
53| $BIR¥E Actinocyclus sp. (KC309522.1)

0.01

&l 2

66 5 JAEIIE Actinocyclus curvatulus (X85401.2)
HT 188 rRNA SN PS> B4 HY 01 S5 AH LRI I R S8 4 F A

Fig.2 Phylogenetic tree based on 18S rDNA gene sequence between separated microalga HYO01
and its similar species using Neighbor-Joining method

RUIRRIEFR A TR A K2 LR 3. WniEl 3 B,

PAS R R RIB IR U NE PR BE HYOL, 6 Fha /KL T
WO Q0L B HIPE S O Tk BN, FOb, U
600 pmol/L if, FEANMI HE fe s, 53] 4.54x10° /L,
HR N 100 pmol/L (4.33x10° A/L); FEZ EIKIE K
882 pmol/L MYIGFRM T, T/ INEIAEE HYO01 Y4025
BERARQ2.11x10°ANL) (8] 3a)o AR AR IR -1
NRFRE HY 01, RS E 7 100 pmol/L B5 37
B I BE AE R R4 8 FABIEAE, S 3.86x10°4M/L;

6x108%
(@

—=— 50 pumol/L
5x108F  —— 100 pmol/L

——200 umo%

|l —+—400 pmo

A10°F o 600 pmol/L

—<— 882 umol/L

3x10%[

2x108

1x108

Y BE Cell density/(cells/L)

A 3

A AW N 200~882 pmol/L I, BfiZ 135 K
T, S5 200 i, 2 10 KAl SRR R 882 pmol/L
FR) 5 5 V00 i AT 8 T e 19 (5.92x 10° AN/L), Hk ol
600 pmol/L (5.85x10%4~/L) (/& 3b).

MRV Z AN, MUNEIREE HYO01 3 AR
KR AL AW E N 100 A1 600 pmol/L M, 4>
SR 0.37+0.04 1 0.36+0.07, Z A MK E A 882 umol/L
W, PR EARE, H 0.27+0.05; SRV N
AR AT, WUNREIREE HYO01 A3 o AR K R %

7x108
e 100 pumol/L
6x10°F e 200 pmol/L
—4— 400 pmol/L
5x108F  —— 600 pmol/L
—o— 882 pmol/L

4x10% -

3x10%
2x108

AU RE Cell density/(cells/L)

1x108 |

0 1 2 3 4 5 6 17
B} /8] Time/d

TN PR EE HY 01 75 Rk B 2 AL () FIAH S R (b) B 7R A T R Kt 2k

Fig.3 Growth curves of 4. exiguus HYO01 under different ammonia (a) and nitrate (b) concentrations
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TEAS AR 1Y T i 2 0 3 TR 3d(P<0.05), fIFSA
He i K 600 il 882 pmol/L i, 35 Ho AR K i g
¥R 0.40£0.01 (B 4), LIEENEIRR, fU/NEIR i
HYO! i Fo AR Ko R B I T AR A 2 ZE R
(P<0.05).,

0.5r Wl /2% Ammonia
[ ASAS4L Nitrate

50 100 200 400 600 882
Y& Concentrations/(umol/L)
K4 BUNEIREE HYO 76 A [ e 2 A A
TS AT P oA K e
Fig.4 Average specific growth rate of 4. exiguus HY01
under different ammonia and nitrate concentrations

o =} 1=}
) W i

AR EAR
Average specific growth rate
(=]

o

UNRA B HY 01 7EA R vk B s A S S A A
TREASTREAE S PR MW AN, UNEI
% HYOl RS EZA AW R 600 pmol/L B f i,
g 4.45 mg/g, HVKE 100 umol/L if, A 3.28 mg/g, EA
WBEA 50 pmol/L B, BENAE A ik, 4 1.38 mg/g;
MRV A EAS AN, M/NEA S HYO1 B A & mbi s
R FE A B8 0 3 T R (P<0.05), BIVAY A AR E R
882 pmol/L I I & i, N 11.97 mg/g, fi§
BAEUTE R 100 umol/L B Ak, 4 4.55 mg/g (K 5).

DV R A AV, UNERSEE HYO1 (M H & E R
T LARH S A R ER BT 1 8 % 1 (P<0.05).
141
Il Z % Ammonia
12+ [ 78455 Nitrate {‘

—
(=

e

100 200 400 600 882
e E Concentrations/(umol/L)

S TN HYOL 7EAR[R e 2 A
AR TREN & &
Fig.5 Protein contents of A. exiguus HYO1 under different
ammonia and nitrate concentrations

EHESE
(=2}

Protein contents/(mg/g)
o«©

I

(3]

(=

3 it

RPDEE MR R T B RRE, LR IET
18S rDNA M P10 50 F A= 05 d, FIWnZsE i
IR . NI B8 T RESE ) (Bacillariophyta) . [RIf
P44 (Coscinodiscophyceae) ., |81 H (Coscinodiscales) .
PR (Hemidiscaceae) . $8 88 J& (Actinocyclus), %
PS5 R IR A A Y X A T AN A A T
FLEEE o H FTE R E 5 2 35 A0 A A N L 23 DL
% 1 (Fryxell et al, 1981; FFBEE%E, 2018), T8 & FL,
H AT N 2 2 5 2R o R AR S/ N R, LA
MIE#2 N 6.4~13 pm (Fryxell et al, 1981; ZRIHEE4LE
2018), A4 BRI EE HYOL i B AR
2978 (11.4+1.0) pm; FESCETFLAFEE T, fU/NR IR
HYO!1 72T & 10 pm LA EE AN R IR B2
Hh 280 b Y4y B B2 46 o ARBIEGE R, SN
Wi HYO1 7N IR TE AR 3~5 (A le~g),
o T T A8 T 2D A L A T N R A R R TR
RB(2~3 AN (FheE4E 2018), 1M F K PG ERE S i
INEEIR A 2~5 NBTE % (Fryxell et al, 1981), £ FJT
W, AWFSE LG R R T A R A8 Kk A b 23 25 i)
—BREEME N U/INER IR HY O, 29 40 AR /)N,
& H AT C AR A S E PR b N, G B B
IS ZiEsem AR Z /ML, 5 HAR IR AR
(R JE:, TN A B T FLSCHES AR G B, Horerpoke
L R e Mg, il s A IRBES ), A
3~5 MBS

ARSI NRERE HYO1 4385 [ LA R EF
T AR FRA I R TR R (4~ DB R,
WM EEAR] 2.77<10" AN/L, (5 T S SEEK
75% (Qiao et al, 2020), HFEINEES | K ) IRRGER D,
HRETAUCA 2 W, — IRGETE R PY I (48°49'51.6"N
16°30'36"W), 4% A 4x10° AL, HREIFE T 5d
(Smythe-Wright et al, 2010); 53— IR & ETE R A 1
FUTTZIIM, Fr2emtia)h 6 d, Al N EA S RO 40
FERFTE 107~10° AN/L, B0 40 Aymlifh s
(Clupanodon thrissa) T (FRHEEXSE, 2018) ZBRA
B, FECEA IO TR IR R ] BB 5 K AR B Z AR Ak
T OIS A G (BRI RS, 2018)

IR Y 5 R AR SRR IR I R A Lk &
45, 2020), i —VIEEAE SR B S HE R, KR
(AR A B 35 M TR AR 0 ) A AR (32 B3 4%, 2020)
BRI A KD F W E IR ICE, KR IR
1) 5% AR 5 K & B SR (BT 5, 2005; Glibert
et al, 2008; K35 K5, 2020), i L0 0N R ER
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Tab.1 Diameters and numbers of areolae per 10 pm on mantle of Actinocyclus

YFh Species

H4% Diameter /um

L Areolae density /(1~/10 um)

A. acanthus Bradbury & Krebs sp. nov.

A. cedrus Bradbury & Krebs sp. nov.

A. claviolus Bradbury & Krebs sp. nov.

A. cupreus Bradbury & Krebs sp. nov.
W/NEIREE A, exiguus G. Fryxell & Semina
UM BE A. exiguus™

A. gorbunovii Ralfs in Pritchard

A. kanitzii Krasske Bradbury & Krebs nom. nov.
A. motilis Bradbury and Krebs sp. nov.

A. nebulosus Bradbury & Krebs sp. nov.

W RHR I EE A. normanii (Greg.) Hustedt

A. ochotensis Zhusé

J\IEFEIR#E A. octonarius Ehrenberg

AN RIS e S

A. octonarius var. tenella (de Brébisson) Hendey
INIREEIREE A. oculatus Zhusé (1968)
INERIRNEE A. parvus Hasle (1960)

A. pinnulus Bradbury & Krebs sp. nov.

A. theleus Bradbury & Krebs sp. nov.
EARIEIA B A, tubulosus Khursevich

A. venenosus Bradbury & Krebs sp. nov.

30~100 9~14

50~100 6~10

27~30 13~14

50 13

6.5~13 FEII15~18, %k 21~24
6.4~11.1 FRyLi13~19, H1%%: 39~45
15~48 14~18

11~47 13

20~90 11~13

35~100 9~12

20~35 8~10

32~56 Fu: 9, % >9
50~300 6~8, 15

25~60 7

30~52 HPul: 4~5.5, 1%%:10
12~23 10

65~70 13

11~35 13~18

16~34 16~22

70~100 6~10

TE: *ONITES F IR A I T 209000

Note: * : Separated from in Hongcheng Lake of Haikou City, Hainan Province.

BRI AR ], KRR, P2 31°C;
AR B TCHLEEE Jy 3.12 mg/L, Hob, AN
PLAE EZH ARG, P TR N 84.8%; 1MWk
MR bk B2 R 0.11 mg/L, ZE W LIEHIH 13.1~66.8, F
BIEN 3145 KA SICHLEFNE MR RR £ 4 i Y
FOKBT, him B E AR SR, 2018), AL, 1
I B/ I o B S A T ) R R PTG A A T
F IR AL DL B e W 7K R AR DG (SR &5, 2018), FLAN
FEXTIR T AR a i, UNRIABE HY 01 L3
W], FRFEAKRTELEE 3R 28°C 5 KRB TEHLACTYY
Wy 5.07 mg/L, o, Z AP 1.53 mg/L,
A3 S TEHLEAS 30%; I MR B AR R B9 Xk B R
0.06 mg/L, &BEHLILHE N 27.6~38.6, FIHH N 32%
(Qiao et al, 2020), KL, fU/NEIAE HYO1 I RETE &
IAEMR R . BRI KA K

ER (SR Ll R I AW I BUN o A N B A i
22—, RS 5AMNAZR . 85 R R
FH /> (Robertson et al, 2009), A AMMARE LT
FEK A TCHLERY 2 Fh £ ZIEZS(Chen et al, 2018; Qiao

et al, 2020), AIPREE BRI . BB FRER IR
e —E B FReE e RO AR K, IR RS

MRS O A e, S A AR Tk
A, E R A IR A W CRN §% Ak (Collos et al,
2014; Gutierrez et al, 2016). ASHHFT 535 VLA [F] e
AAMES R N RAEE W NR IS HY 01, RHix
I REF A A MM S AHITAR, el EA KR
AWEEHN 600 pmol/L, Hidi H A K Y AHS AWK N
882 umol/L, fHUAZE N A IERT /NP3 HYOL (1)
T R UM R | fe e AR KGR DL R A S T
ISR N A IR 3~ 5). 85I PRI Y 2=
Se R R, KR E T DL BRI, Mm-S AT
BRI R A BE g R A (Dortch, 1990; Berges et al,
2008; Mulholland et al, 2008) . {HA [l # 24 R A 45
RIEFEMAR, R AN, EEERESAES
AR IR 5, T P 3 BB ) T v R R R K R
(Lomas et al, 1999; FKZEW4E, 2006; Mulholland et al,
2008), Ik, AHFFEorE] A RUNEREE HYO01 /]
A B =R A A AL, (B A = ik B R — 2 1)
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M52 1, X AT REE U N PR HY 01 7EFR5H P | 5 4
K] B IR 2 —

4 it

MR CHE AR RS N B EERE, 4560 F
AW EROR %0 B MO U N PR HY 01,
BEAMLAMARE N, RN (11.4£1.0) pm, ST EA
RZ/NML, BB AT L, Hogh Je ) fLa
BAE NG, NG BA IR, H 3~5 MEE
€ o LAZS [ e J3 2 S0 RN 25 A UG 3R /N i 2
HYO1, 458K, fHUNEPREE HYO01 AT AR =0
FHREZS L, AEXE s v B i 2 R A — i T 24
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Abstract

increasing production, water pollution has become increasingly serious. An increase in nutrients in water

Shrimp production has expanded rapidly over the last few decades in China. With the

results in eutrophication, characterized by low oxygen, high ammonia, high phosphorus, and high
frequency of algal blooms, which in turn influence shrimp growth and yield. Phytoplankton is an
important component of aquaculture ecosystems. It is a direct or indirect food source for cultured
organisms, and can remove nitrogen and phosphorus and maintain water quality. Constructing a benign
phytoplankton community can improve the nitrogen pollutant absorption efficiency, improve the
environment, and reduce the environmental pollution caused by cultivation. Certain phytoplankton groups,
such as diatoms and green algae, are desirable for their high nutritional value and contribution to water
quality. The use of phytoplankton to purify and regulate aquaculture water quality could reduce the
negative impacts of aquaculture, which is an environmental protection option with a low cost, low energy
consumption, high benefit, and considerable development potential. Microalgal growth is significantly
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affected by factors such as temperature, light, and nutrient conditions. Therefore, the environmental
adaptability of microalgae is the primary consideration for selecting and cultivating algal species. In situ
isolation and screening of algal species can reduce the stress response of microalgae, which is conducive
to their normal ecological function of regulating water quality. In an indoor industrial aquaculture system
for Litopenaeus vannamei, one diatom species was dominant for a significant amount of time in the
middle and late stages of aquaculture in 2019. This alga was small and covered with a silica membrane
layer, which was difficult to identify with a light microscope. The shrimps effectively grew in the ponds
where this alga was the dominant species. To identify the algae and explore its application in water
quality regulation in aquaculture, the algal strain was isolated and purified from the indoor industrial
aquaculture system, and identified by optical microscopy, electron microscopy, and 18S rRNA sequence
analysis. The results identified this algal strain as Actinocyclus exiguous HYO01. The cell diameter was
approximately (11.4£1.0) um. At present, 4. exiguous is the smallest individual species in the genus
Actinocyclus. There are numerous small pores on the mantle that were not visible under a light
microscope. The pore density at the mantle center was less than that at the mantle margin. There is a
pseudonodulus at the valve margin, and 3~5 labiate processes. Nitrogen is an indispensable element for
the growth and metabolism of phytoplankton, and is the main component of nucleic acids, proteins, and
chlorophyll in cells. Ammonia and nitrate are the two main forms of inorganic nitrogen in aquaculture
water, which can be directly absorbed and utilized by microalgae. The addition of nitrogen nutrients can
promote microalgal growth. However, the microalgae cell density did not increase as the nitrogen
concentration increased. Excessive ammonia content is inconducive to algae growth, and even affects the
absorption and transformation of other nitrogen sources. In this study, ammonia and nitrate of different
concentrations were used as nitrogen sources to culture A. exiguous HYO1. The results showed that both
ammonia and nitrate could be used for 4. exiguous HY01 growth. The optimum growth concentration of
ammonia was 600 pmol/L. Under these conditions, the cell density, specific growth rate, and protein
content of A. exiguous HYO1 were the highest, at 4.54x10° cells/L, 0.36+0.07, and 4.45 mg/g,
respectively. When the ammonia concentration was 882 pmol/L, the cell density and specific growth rate
of A. exiguous HYO1 were the lowest, at 2.11x10® cells/L and 0.27+0.05, respectively. When the ammonia
concentration was 50 pumol/L, the A. exiguous HYOI protein content was the lowest at 1.38 mg/g. The
optimum growth concentration of nitrate was 882 umol/L. Under these conditions, the cell density,
specific growth rate, and protein content of A. exiguous HYO01 were the highest, at 5.92x10% cells/L,
0.40£0.01, and 11.97 mg/g, respectively. When the nitrate concentration was 100 wmol/L, the cell density,
specific growth rate, and protein content of A. exiguous HYOl were the lowest. In summary, the
maximum cell density, maximum specific growth rate, and protein content of A. exiguous HYO01 were
lower in the medium containing ammonia-nitrogen than those in the medium with nitrate-nitrogen. We
speculated that A. exiguous HYO1 might prefer nitrate to ammonia, but has greater tolerance to high
ammonia concentrations. This might be one reason why A. exiguous HY01 was dominant for a long time
in the indoor industrial aquaculture system of L. vannamei in 2019. The results are expected to provide a
reference for the targeted cultivation of this alga and its application in water quality regulation in
aquaculture.
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