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1.1 ##
L1 #EFE: (1) FESIRAE 20 g M4 H, 20 g
WA NE, 10g [ BE 100 mg 5 B 3 (9 i 1 72 b
BRapE T 48) 5 1000 mL 2518 K. (2) 4 25 ks 77 4t
(PDA BiFE3E) <4 % Bl 20 g, 1. 5. 200g, B fig 12, 7
787K 1000 mL.
1.2 #A#: (1) 40 8540 i 77 0 it i U« B2 B2 i
MJE AR (2) BTG /K #5 60g %k Bz in 7K 400mL
R K W JE I R, B b AR & 6L AR D B LS
K
1.1.3 EFELEMRF: Allegra X22R B L Bl
(Beckman) , ‘K & % (Sanyo), PCR (MJ Research
PTCH00) , B ¥k f% (Bio-RAD) , %t i B 1% % 48 (SIM
Bio-Best) , 7K Ji R T I 5 & gt (b 50 2% 47 08 A 1 4%
AT A ), UV2550 240 a] W23 66 & i (1
AL T IR A BRIR (W o AT A B g
BRA D o S FUHE 2 5B D-H 8% B DK B
Py =B K T B 4 1 I (Sigma) , DNA $2 HiUIR 71
% (TaKaRa) , Tag Mg -ANTP (4t 5% & = 2B 98 A 4 R
AT AT S FGR A & (A (E) HRA )
B REE A AR (E s B R A ARG R ITEA
A ey o 1 o B
1.2 EEEHTEBREESBE4K
1.2.1 BU#E: R P RE S cm - 15 em M E
T Ve, FLBEMAT R = P o 40 ) B A B ) A 5 1 6
B R R AE TG 1 45 A R BY T T 8 3 N bV 2
TR K BIF B 5 LARIE B I R RE i R SRR
1.2.2 Z&: Bl gk 1 mL 5T 50 mL & 4E
B, 25°CHR G 9R 2 d
1.2.3 SEAk: EERMERESE 107107
A0 77, L 0. 1 mL 5 BT 490 B 15 92 56 b, 31
B, 25 °C K5 7 » W42 B v AR KOIR B » 85 1T 3 K HH S S B
SRR B A ) A YA SR ARG ) E B R R
52, 08 TR A Sy TR BRI B VR R AT R AliAk .
1.3 JEEXGTEERESBEAEK

G 2% A8 T T BR T (¥ B A0 20 B [R) i, U2
Bl B R 15°C, B 97 I )i Y e o
1.4 EHUSKPEEEKREKEE DL
1.4.1  #0F: BCA RIS K IF 78 K moN — & (1 I

AR, 70 B3] 150 mL =i P> B e SO mL, K
W Ja B A 2 o W RE T 25°C AP 4 d, MR
I RE B AE 15°C A0 BE 5 d, b BE 3 ) 45 K LI 5 5
SO 2 e AR5 ST IR B A I 3 N A A
AEMERE &
L.4.2 &0 K407 Bk I% 3% 15 b & 5 b 20 4
57K H, F 25°C F 150 v/min 4% % 4b B2, 4 B 4E
24 h\48 h A1 72 h HORE IV A R £ 5 5 & OD g fH
X A 2 SR A 28R R (0 R RR T 96h HURE, Il COD
B LU R TR S A R TR
1.5 MEEBSEMNESUEREEELIE
SRR T TR T R (L 25C R
K0T A BTC A K R 1 ™ (3 R 22 A
A0 M IR B VR B AR (PDA) il R & 2 K T Y R
S S O R UE Ry 7 A FURE 22 28 B D R
W~ DA 7 250 B R W W T v G
W
L6 MREBESTETE
1.6.1 DNA &R AV E: DNA £ B K i TaKaRa
Yeast DNAiso Kit i 7] &5, $2 B =) 78 1% 16 51 g bl
B BEAT LUK HLUK i AT RO, A I H Y
Z it UL W] B2 DNA J 2
1.6.2 5.8S rDNA By PCR 18 : X H 50uL Jx iV,
WES H — X5 IS J¥ 51 B 4h 1 51 4, 1TS1 (57 -
TCCGTAGGTGAACCTGCGG3 *) F1 ITS4 (57 -
TCCTCCGCTTATTGATATGC3" ) %f 5. 8S ITS [X Bt i
AT4 48 . BB BEJE R 41 DNA2.S wL, ITSI 2.5 pL,
ITS4 2.5 wL,ddH,0 14 wL, 15 5% 98°C A5 10 min HY
Hi, WK # 10 x ExTag buffer 5 pL, ANTP 4 L,
TaKaRa rTaq i 0. 5 wL,ddH,0 19 pwLo W 4%
95°C 30 5,58°C 30 s,72°C 45 5,30 A FHIF ;72°C K ¥
SEfH 10 min. PCR f“#)fr 47+ -20C & H -
1.6.3 5.8S rDNA BYFFIME : ¥ 1 PCR )
28 1% 1 5005 B B S P VK S AEREIR B R G &
HMT IR A H R A i U N, = R OR
%) 44 B 23 H] 1Y Agarose Gel DNA Fragment Recovery
Kit Ver.2.0 PCR 79y [0 Wi ik 71 & 2 47 [, [m] i
W2E 1% B I B Jie L vk ks U5 45 1) 5. 8S rDNA [
aul By M TAE dr A st =g S A R R
NSETE
1.6.4 HEMUASTREAZLZEMBEE: K
7315 1R 5. 8S ITS 1DNA 3415 GenBank #%
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o4 22 JE AT BLAST 3 #7 Lk xf, Hl MEGA ( version
5.2) ) RSk B W, Hl Neighbor Joining ¥ Xt 3 fk
WP AT SR G R R MR G R E 0 -

2 HIRAI

2.1 HE

N B B WS ER R 57 BRI JE e T 3 2 B 3 1 B
37 B, HoH L oy B 2 16 Bk (U 6 Bk, S5 b
CN1-CN6, X[ #iF /1 5 ¥k, 4 %5 CD1-CDS, J jz iiF i 5
¥ 45 CP1-CP5) L i 43 29 21 21 ke B g (e rh
11 ¥k, 4 %5 4 DN1-DN11, %f @iF 7 6 ¥k, 4n %5 DD1-
DD6, & & UF 1 4 ¥k, 45 DP1-DP4) .
2.2 EHUSKHBEEE R K RS K EE N TFIE
2.2.1 EEEBEBEKRSEFUENDG: NE 1 W
TS U ) B TR I BE B O A A AU 3K IR 5 )
FBrhe Sy, 2 %A F 90% UL |, Hf CN6.CDI .
CD4.CD5 1 CP4 e ) 4h W J&E 2 11. 65mg/L ]
VA 7S B R A HoO 2 B R I — 1A
R FEE TR AR RN A& R R R e, H
Ty B R A LT B A U I 4 B bR
i) CN6.CD1.CD4.CD5 F1 CP4 7K J5 5 4k G 1 M
X AL o

®1. $EBEBEMNKRER (250)
Table 1. Results of normal temperature yeast

screening under 25°C

Nitrite-N Ammonia-N
Strain ¢ (Nitrite-N) / ¢ (Ammonia—

removal removal
No. (mg/L) N) / (mg/L)

rate /% rate /%
CK 11. 65 11. 14 / /
CN1 0.70 10.53 94.01 5.41
CN2 0. 40 9.55 96. 59 14. 21
CN3 0.32 10. 67 97. 24 4.14
CN4 0. 66 6.27 94.37 43.72
CN5 0. 06 11.30 99. 46 -1.44
CN6  0.05 9.82 99. 56 11. 84
CDh1 0.02 8.24 99.79 25.96
CD2 0. 82 13.08 92.98 -17.42
CD3 0.63 13.93 94.58 -25.12
CD4 0.04 ), 337/ 99. 66 15290
CD5 0.02 ), 37/ 99. 83 15.90
CP1 0.94 11.26 91.96 -1.10
CP2 0.39 10. 78 96. 68 3.21
CP3 0.92 10. 50 92.13 5.67
CP4 0.05 10. 18 99. 56 8.63
CP5 0. 67 11.59 94. 24 -4.06

2.2.2 REBBREKRSEUEAIMIF: k29
S0 AT 0 85 1 R T X A A R ) e A R T
FRRIER 97 % UL b H 4 W MR A S = T
JLh DN5.DN9.DD4.DD5.DD6 Fil DP4 it 6 Fk i £}
AT VA 75 50 25 R TR 21 99% , [ B 6 L 25 B R
I 40% 5 PR tE K W97 6 BR R TG 2 B0

R2. REBSEMHESR

Table 2. Results of low temperature yeast screening under 15°C

Strain ¢ (Nitrite-N) /¢ (Ammonia— Nitite Ammonia=X
No. (mg/L) N) /(mg/L) removal removal
rate /% rate /%
CK 11.44 11. 16 / /
DN1 0. 06 11.70 99. 45 -4.81
DN2 0.04 8.52 99. 65 23.70
DN3 0.05 10. 44 99. 60 6.50
DN4 0.05 8.91 99. 59 20. 16
DN5 0.06 6. 62 99. 45 40. 66
DN6 0. 06 15.42 99. 49 -38.13
DN7 0.05 9.09 99. 55 18.56
DN8 0.05 9.04 99.53 19.07
DN9 0.10 6.17 99.13 44.71
DN10 0.29 8.55 97.43 23.45
DN11 0.05 7.36 99.57 34.08
DD1 0.04 7.02 99. 69 37.12
DD2 0.05 9.45 99.56 15.35
DD3 0.08 9.35 99. 33 16. 28
DD4  0.06 5.91 99. 45 47.07
DD5  0.04 5.32 99. 68 52.30
DD6 0.04 6. 69 99. 66 40. 01
DPI1 0.28 7.56 97.57 32.31
DpP2 0.34 5.64 97.03 49.52
DP3 0.04 8.39 99. 64 24. 89
DP4  0.04 6. 45 99. 69 42.26
2.2.3 EBEEHEKBURNLEENER: b T IH Lk

R0 2 R B A AR, 5 L e
R A 2 e T 5 Y R o 2 1 5%
F AL COD [ BARALSL . e 3 0 40, 45 e 1) 1
WA B0 0Dy, {5 % #7 T} 25,48 h J5 CN6 F1 DNO
) 0Dy i 55 1.0 LL F,72 h 0D ik 5] 1.0 UL 4 4
BRI, 4> % 4 CN6. CD4. CP4 FI DN9, I 4% B bk
OD oo A% T 1.0, T % B OD o fE 3 A A A5

TR R A R A3 R LR R B 24 h Y
Bk CNG Af 10,64 me/L SE i 4 5§ % 3% 51
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50% LA, 48 hox dE i 2 U AL 05 3] 90% LL B
14 4 k. 2> 9 CN6.CD4.CP4 Fil DN9, %% {f i
KL 0.20 mg/ (Leh) , 56 W1tk 4 Bk 18 A A T
T 25 SR AL A o EL R A 1 B, LT W OD g0 AH

AR A e U W R RS I AR A R B AL L iR A Al
J A A B B I A SR o A R RR B A R AR T )
I 25 B W] Be 2 A 0t 9 96h W 1 4 AL A I 5 i
KR 2 72 he

3. BEBEMOD ERMIMSRAEUERRLE
Table 3. The difference of OD and Nitrite-N removal speed for yeast

Strain No. 24 h 48 h 72 h
0Dy Removal rate / % 0Dy Removal rate / % 0Dy Removal rate / %

CK 0.12 -0.08 0.14 3.42 0.17 5.12
CN6 0.90 51.33 1. 06 99. 32 1. 14 99.55
CD1 0.23 9.02 0.27 6.67 0. 49 17.11
CDh4 0.51 24. 35 0.74 93.19 1.41 99. 49
CD5 0.37 13.61 0.48 12. 81 0.59 17.01
CP4 0. 68 24.05 0.98 99.39 1. 16 99. 50
DNS5S 0.36 14.97 0.83 57. 44 0.92 61.46
DN9 0.74 24.05 1.05 99. 39 1.23 99. 50
DP4 0.17 2.72 0.28 5.02 0.30 8.52

DD4 0.19 5.12 0.65 33.33 0. 68 36.75
DDS 0.16 1.82 0.23 37.20 0.74 46. 33
DD6 0. 19 0.32 0.36 39.83 0. 68 45.30

M a] &, FEAT AL FE COD & B #6 W #K F xt
HEL, T3 FH I 6 R 0T AT LT AT — TR R A R R S B
H1 CN6 Fil DN9 ¥ COD & & AH X} 5 A% 43 7 A 205
F1291 mg/L, A% X 630 mg/L ) 1/3, $i 1] CN6
F DNO X A7 AL 1K 4 i fi ) 5 o

YEA TR 48 bR R I DNO F1 CN6 7 48 h g4
10. 64 mg/L ¥ A 72 10 i # 4k, 96h X 630 mg/L
COD [f] 2= B % 4% Wl ik 52% F 67% . i W] CN6 Al
DNO (¥ 7K 5T 11 7 A 280 BT 5 0T 6 5 A 7 B8 Ak 2R AT

8001

ool 630a
Q 600 F 531b _I_
éu ol 372¢
7:; gi 214
o 205e
53 Zw,

o [] ﬂ

o . . ‘
CN6 CD4 CP4 DN9 ck

Strain number

1. F4:3 COD & &

Figure 1. The COD concentrations of different treats
2.3 PREVEETE

231 BOSRESEAXBRETER Ak L
S G LR A O BT B G RE  OH5E 55 % T

SRR (L) 77 Ky 20 68 0 (¥ 19 BF TR RS R 3R
CA 35 74 B2 B0 R B S 22 i iR ) 364 - 366 TUHl ik,
&t CN6 2 vl % 4 4 & M ¥ B} Rhodosporidium
paludigenum, DN9 Jy & 4 W Rhodotorula
mucilaginosa o

2.3.2 HFEFELER: PCR ¥ 1 )5 34T kK KB
CN6 FI DN9 7£ 500 — 750 bp 2 [i] 45 — 435 W 4 417 »
W] DNA $EH K PCR 4 5 4 LL Ll 2l » PCR 7 )
A ) 45 R W1 CN6 FIl DN [ 5. 8S ITS
rDNA 3 %) K /N 4 5 i 580 bp. 591 bp, 5 5
GenBank H 45 78 7 LW 5% O 9% BE 147 1) 5. 8SIDNA 3
17 Blast 4347, F il MEGA %% #1-X} B #& CN6.DN9 il
B AT R H W RO R 2. NCBT # 4l
blast 4 & 45 W £ W, CN6 K Rhodosporidium
paludigenum , DN9 24 Rhodotorula mucilaginosa, 85 J5
AR e 51 R i) MEGAS. 2 3L R H5 5
2wl 4, ¥ DN9 5 ¥ L B #f KDLYC244
(GenBank: HQ909092. 1) [A] &b — 4> 43 2 o, #H L &
A 100% , ¥t 8] DN9 >4 Rhodotorula mucilaginosa,
B CN6 5 B ¥k AUMC7789 ( GenBank:
JQ425395. 1) [Fl &b — A4 3, AHALEE 4 96 % » 13t 1
CN6 2}y Rhodosporidium paludigenum, 55 blast 4 45
R



AT S5 1 7R BT A I T TR 1R 40 97 2 % 58 L TR ) 2E 4R (2015) 55.(5)

639

x4 BMEEEEENEE
Table 4. Morphological and physio-biochemical characteristics

Division 25C 30C 37C Pseudo— Cell Colony characteristics
Strain Ballistospore Ascospore Pigment
method grow grow grow hypha morphology ~ (PDA)
Smooth, middle
CN6 - - Budding + + - Pink - Long oval spherical protrusions,
opacity
Smooth, circle,
DN9 - - Division + + + - Red - Oval

regular edge, opacity

—:no growth, + :grow, + + :grow wello

z5 R BERLZIE

Table 5. Carbon and nitrogen source assimilation test

Amyloid Malt D- D- )
Strain  Nitrate Nitrite  Ethylamine  Cadaverine Lactin Melezitose  Raffinose Actidione  Biotin
generation sugar mannitol  xylose
CN6 + + + W — — + + + — + + +
DN9 — — + v — — + v + + + — +
+ : positive, — :negative, W : weak positive, V : variable reaction.

94 Rhodotorula glutinis ATCC 16726 (FI345357.1)
e -
0.02 o8 { . .

Rhodosporidium kratochvilovae JICM 11262 (AB073254.1)

76 Rhodotorula graminis ATCC MYA-4893 (1X174052.1)

— DN9

9 |
' CNé6

2. 2 F DN9 #1 CN6 #9 5. 8S rDNA W E % % B It

99 ol Rhodotorula mucilaginosa KDLYC24-1 (HQ909092.1)

Rhodosporidium paludigenum AUMC 7789 (JQ425395.1)

Rhodotorula minuta SN35 (FI515189.1)

Figure 2. Phylogenetic tree drawn based on 5. 85 rDNA of DN9 and CN6. Number in parentheses represent the sequences’ accession number in

GenBank, the number at each branch points is the percentage supported by bootstrap. Bar, 0. 02 sequence divergence.

SRR T A JR B A B, 5 S Al e &

3 i 0 A 2 IRFT ) 40 I B 50
B T4 2035 R R A T/ 90 LA R R A
FEILAC LI 0 8 FE R AR e o T B0 38 B PG A 40 B 2 KK R, — R 7E 96h

FEDRAR R B DTRUR &2, 3 Bf7 3 %‘éﬂlflﬂﬁ DL 2 #8453 T 86 A v g A 2
ARSI AR PO LR AL 200 M 55 00 coD 47 1R 30 0 2 BR AR ™™ 5 (R A6 40 1 %
KT AP KBRS RS IOES gy o g 4 HUR R ROR AR L

P25 ) 8 Y S UK BORE R B MR e T AR
e, i g TR 0T L PR, T 45 4 5 T

s Db 4 s f - .
R TR B L IR G B TR 3R 22— AT ROIT K &R T NI It

BER AR T B3R 3 Fhan i A
i M AR R A s, AT 30% - 50%
SR VIR W R I8 & & £ Fh

UL L — AR
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YA 2T S A5 Bl Ak T R ZE A S TR T R AR
TE B T AR IR W A0 W T T A Dk 7K 7 B ) AERE S T
5 R T BT A b PR T I B A K AR AR
W R T K AR 2 5 T8 B 3 v R PR 4 AR
F 3 A R 7K 7 57 B8 7K 50 A 7 2 A i L (4
SEAE R R L B WE S T R 4 W BE (Rhodotorula
glutinis) CICC3122 ) 4f 4 J il 4k 5 ¥, Kk BL7E pH
i 4.0, 36 30°C, #5200 r/min; LUFT R 12 40 O B
P WAL R 36001 44 R, XF W1 4R ¥k 5 ol 40mg /L
100 Y Wb 22 W 26 1T 5K 99. 26% ) M ORI iR A L YS
gL iy fe (o 2 55 0 90 K 90 8 B i 22 1 B
(Candida. colliculosa) DY114 A-FE 9 d J5 %) 4 B} &
HE A 27. 60 mg/mL COD.12. 22 mg/mL R % 2. 67
mg/mL S ) B AR 2 0 O 43.0%  37.8% Al
47.5%) ®7 .

PR CICC3122 BLAK W AR 25 B YU Al R 26 11 e
Ao AF AR50 4% 1 LR T 05 52 F PR S 2 AR 5 T R
DY114 i %UF B A COD R A A AR iy o AW
FUIEH (M L0 1 BE B DN9 R CN6 AN {4 #5481 /K 44 o
FR) Vi 28 220K 25 B 80 v 25°C Ak B 48h, BEAC g
WG MR FE )y 10. 64mg /L ¥ VA 25 2 A K % 44 » 7] i
X COD (¥ B A7 fiE J1 3, 96h X} 630mg/LCOD [ fif 3
WL F) 52% F 67% o X Ul Bk F 1) BEE DNO A
CN6 7] H T~ 0 A 24 A0 A ML & 1 e 1) R B 7K R 18
S, HBEM -G x5, WikEa & Em A 2R
TERR R 0 R 7K 5 1 A e P 4 2B 25 31 55

2 2% SR
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Isolation, screening and identification of yeast for
aquaculture water purification

Fengxing Xie, Fengfeng Zhang, Ke Zhou, Yujie Zhao , Haibo Sun, Yun wang
Tianjin Research Center of Agricultural Biotechnology, Tianjin 300384, China

Abstract: [Objective] In order to get excellent yeast strains for aquiculture water purification, we isolated, screened and
identified yeasts from the aquacultural environment and intestinal tract of shrimp. [Methods] The potential water
purification ability of yeasts, isolated from the activated sludge of aquacultural environment and intestinal tract of white
shrimp and mantis shrimp under normal and low temperature, was evaluated in the simulated wastewater. Morphological
physio-biochemical characteristics, 5. 8S rDNA ITS gene sequence analysis were used to identify the strains. [Results]
Thirty-seven yeast strains were isolated from 3 samples, among them 16 strains were isolated under normal temperature
(25°C) while 21 strains were isolated under low temperature (15°C) . Water purification test suggested 5 strains isolated
under 25°C and 6 strains isolated under 15°C had higher removal ability of nitrite and ammonia from water. After 48 hours
treatment with DN9 and CN6, 10. 64 mg/L nitrite in the water was completely removed. After 96 hours treatment, COD
degradation rates of the 2 strains were 52% and 67% , respectively. According to morphological, physio-biochemical
characteristics and 5. 8S rDNA ITS gene sequence analysis, the strain DN9 was identified as Rhodotorula mucilaginosa and
CN6 as Rhodosporidium paludigenum. [Conclusion] Strains DN9 and CN6 would be promising for water purification in
aquiculture.

Keywords: yeast, water purification, isolation and screening, identification
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