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B E:IHF]IRaE#NRZ, RETREOSES. KoM TFNBFLEmILEO RS
. [B8]) HaRAANREAZGE®R, HE@EGOLERELRF®K. [FE] ALE. 45
o, KEREH RS, BBER, RELESFRoTENFLETANR, REBVARRE N E— RS
R, MEFAEXDN. ARTE. ROREE, LHARAAEHBEE, F LHHHRARL
X BEEESEATNE. [(BRYZEABEF. 9 TAVDFLELFRAAR R ITN, KT3I HRHEAR
FIR G EEEH , 5 5 RIKL B (Rhodotorula mucilaginosa). BB 8%k (Saccharomyces cerevisiae)#= 3,
RA F0. 18 B 5 (Torulaspora delbrueckii). B it bix 3 MrEEEH 09 5 BB A B . SRR RBEE. &
BEl o Bl iE e, BRI BEERG) 3 AP B MR 5, HARIROEE. [4£4 ] AmEf BNt 4 5 69 Ik
SIBEHF NS Ao BRIE B4 J1 B B0R 09 RAA A e ) AR B E M, 7T 4 B & 6 K R A BB AR,
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High ammonia nitrogen utilization yeast strains and their related
enzyme activities
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Abstract: [Background] The lack of protein feed has promoted the research and application of yeast
single-cell protein with high protein content and good safety performance. [Objective] In order to screen
strains with strong ammonia nitrogen utilization ability, provide excellent strains for single-cell protein
fermentation. [Methods] Yeasts were isolated and identified from the soil, dairy products and fruits based
on morphology and molecular biology. Then, with ammonium sulfate as the sole nitrogen source medium,
the bacterial colony size, cell dry weight and protein content were determined, and the yeasts with high
ammonia nitrogen utilization rate were rescreened. The enzyme activities related to ammonia assimilation
of the rescreening strains were determined. [Results] By morphological, molecular biological
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identification and ammonia nitrogen utilization ability evaluation, three strains of high ammonia nitrogen

utilization were obtained, they were Rhodotorula mucilaginosa, Saccharomyces cerevisiae and Torulaspora

delbrueckii. S. cerevisiae has the highest activities of glutamate dehydrogenase, glutamate synthetase, and

glutamine synthetase, followed by R. mucilaginosa. [Conclusion] R. mucilaginosa N5 and S. cerevisiae J1

isolated from cheese and watermelon have strong ammonia nitrogen utilization ability and enzyme

activities, and can provide excellent strains for single cell protein fermentation.

Keywords: Yeast, Ammonia nitrogen, Enzyme activities, Single cell protein
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FMPILLRE SR e (g/L): AR 5.00, 5% b
10.00, K,HPO, 1.00, MgSO,4 0.50, Fiifl§ 15.00,
T NPILL 0.03, FEE 0.10, FEEES H R I 2 4
BUIRE; SR I (YPD) (g/L): BE 10.00, EEEER R
5.00, Hij%gHk 20.00, AR 14.00. Gl NME—%
544 85 35 3 (@/L) . (NH4),SO, 2.00, 7 % bl
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BERR, X 13 BRIEFERE LA TE DUBI IR B R i — &
IR R IR AL BRI, WYE /MR 1 PR,
Hrf 8 PRI K/NRT 2 mm, 1 BREERETR
ZN g N
212 SEANABREEMET

PRI Je P EERE R AT 2 0, SRR 2.
GBLI AT HERKZ, N5 WAEFHREZL,
N5, J1. GBL1 WEFBE®RIE 50%LLF, Hr
I WEAR SRR, K5 62.22%. ik
3 PRIFERE B FEA 724 [l Ak AH DG P i
22 BEEREHETE
2.2.1 FISYFE

WEL 3 BRIEEERAE YPD [EA S 35 3 i R 75
*1 EMYIFHER

Table 1 Initial screening of strains

TR BRI Strain origin %5 No. # 7% Colony
WIS Milk tofu N1 +
WS Milk tofu N2 +
WS Milk tofu N3 +
W5 )& Milk tofu N4 ++
W% Cheese NS ++
W4 Cheese N6 +
W4 Cheese N7 ++
P4JK Watermelon Gl ++
P4JK Watermelon J1 ++
7§34+ Begonia soil Tl s
7% Pineapple GBLI ++
W% % Pineapple GBL2 ++
W% % Pineapple GBL3 -

TE: +: B+ WS T EER 2 mm; — JCEH I
Note: +: The presence of colonies; ++: The average diameter of
the colonies exceeds 2 mm; —: No colonies appeared.

E1 3HBEHERNEERES
Figure 1 The colonial morphology of 3 yeasts
Note: A: N5; B: J1; C: GBLI1.

x2 EMERRR

Table 2 Second screening of strains

s  WETE R HAERMMR

No. Cell dry weight Protein content ~ Ammonia nitrogen
(mg/mL) (%) utilization rate (%)

N4 1.10 37.27 44.16

N5 0.75 54.67 88.44

N7 0.85 49.09 31.57

Gl 0.69 59.86 24.68

J1 0.65 62.22 45.93

Tl 1.05 38.44 27.03

GBL1 1.19 34.58 35.35

GBL2 0.84 49.06 27.51

&, N5: WEERE, e, ERkE, £
HOEH, AEW, Bk, LSESE I EmE
REE, $in6, BERE, REotE, A8
B, Wk, %ESF; GBLL: Bk Z2REIE, F
e, SOERE, REDLHE, AEY, ik,
NGAEETE(E 1) e @ R N L RS2
ZFAEFE, NS, J1ARGRMRE, GBL1 Latikit
AW 22 2)o
222 BEEMSTEVNFET

il 1T MEGA 7.0 R AF X S 07 I 149 3 RRIRTIHEA 728
GoaPtERGELBEME 3). HRELFMAT
H: N5 JEWZLEERE(Rhodotorula mucilaginosa),
J1 SRR W EE(Saccharomyces  cerevisiae), GBLI1
&R A 10 R [ B (Torulaspora  delbrueckii) . ¥
N5, J1, GBL1 k741452 GenBank, 315
ok 5 4 A MT550663 . MT550662
MT550664

2
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B2 EEFLEELERA000x)
Figure 2 Results of morphological identification (1 000x)
Note: A: N5; B: J1; C: GBLI.

{ GBL1 (MT550664)
Torulaspora delbrueckii QK-7 (KJ469965.1)

{ Torulaspora delbrueckii DA-Y22 (JQ965831.1)
52 Torulaspora delbrueckii SFM9 (MG017550.1)

J1 (MT550662)

Saccharomyces cerevisiae KDLYH2-4 (KF633186.1)

{ Saccharomyces cerevisiae U30 (KP120538.1)
21 Saccharomyces cerevisiae YNCA9006 (KX237671.1)

N5 (MT550663)

96
99
19
100
76
—
0.050

Rhodotorula mucilaginosa MX1 (KY296083.1)

{Rhodomrula mucilaginosa MCZ38 (MT001273.1)
27 Rhodotorula mucilaginosa TIY11b (EU285542.1)

Bl 3 3 #kEEHEH 26S rRNA EF D1/D2 XIEFHRFLER
Figure 3 Phylogenetic tree of 26S rRNA gene D1/D2 region sequence of three yeast strains

23 EEESEEXEEENNE
231 AEBRREEFEHE

3 PRIEERETA & B 5 d (1) GDH 36 MR b 34
A, SSeTtm ) RRr ks B EEL: 5 d MBS
Vi THAD 2 AREFRET, 7255 3 REE S THAM
2 BREERER , 155 18.97 U/mL (P<0.05), 7645 1 K
M 5 KW S TEURA MBI EEEE, 40055 2
10.50 U/mL #1 9.32 U/mL (P<0.05); HRLTEERE 5 d
1) 2 PR IS 340 80 T BUR A F0 T e B (F R AT I
25 WUR A TR IR R A I T AR T A
2 BRIEERE(IA 4),
232 B/RBEHEEEN

WK s poR, 3 RREEREB K EE 5 d 19 GOGAT
TE AR HAHE, BT E R AL, 7255 3 KM

B OF G I o BRIPTIERE 5 d BBEG 34 T LA
2 PREERETR, TE55 2 MG 4 K& T HAh 2 #
W REE , 23313k %) 13.30 U/mL Hl 6.765 U/mL
(P<0.05), MELIEERELE 5 d /K% BERE TS ¥ 8 TRUR
BREERE, 7655 4 RARENHG 2204, K5
4.93 U/mL (P<0.05). #{/RA7 760150 B B 1) % e G
AR T HA 2 FRisEEE .

233 AARBRREHEEEE

3 MREERE 5 d RERY GS TEPEAR B SR ]

HB IS TH A AR, RS0 3 K& e R S ST IR
TR P BE R T S d AR TS AT e 1 At 2 BRI R
TESR 2 R e 25 v TR A R B, 1k 3
0.85 umol/(h-mL) (P<0.05), 7E4f 4 F1%5 5 K5 HiAib

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



VRIGEAEE: e U P e B T ) 07 8 B AR TR

4047

2 PRBEEER 2257 B, 400k E] 0.47 pmol/(h'mL)
F10.54 pmol/(h-mL) (P<0.05), CLLEEREH) % s
I e THURA L ), (A2E 55 A B 3 . BURA #L
(5] e B 1) i PR ol T AT T oA, 2 Bk B (8 6)

20 F a —-—]J]
. 18T ~-GBLI
= 16
g
S 14t
2 12r
=
£ 10}
<
= 8t
@)

O 6
4+
2 1
1 2 3 4 5
1(d)

Bl 4 FEREER E SRR SEEEY

Figure 4 Glutamate dehydrogenase activity at different
fermentation times

E: T a. by o, d FORFEIIAIRE LR B2 2R
(P<0.05); J1: BRIFEEEE; N5: JRLLREEE; GBLI: WURAHER
283

Note: The letter a, b, ¢, d indicates a significant difference in the
different strains ferment at the same time (P<0.05); JI:
Saccharomyces cerevisiae; N5: Rhodotorula mucilaginosa; GBL1:
Torulaspora delbrueckii.

141 it ——N5
——GBLI1

ng-
510}
2 8t
2
g 6r
=
S 4r
o
O 2t

0 1

1 2 3 4 5
t(d)

B 5 TREAEENEASDREMEEE

Figure 5  Glutamate synthase activity at different
fermentation times

W FhEa, b, oo d TR WA [R T bR & B B 22 5
(P<0.05); J1. ERGEETE; NS: BE40EEFE; GBLI: #URA M
(oAl B

Note: The letter a, b, ¢, d indicates a significant difference in the
different strains ferment at the same time (P<0.05); JI:
Saccharomyces cerevisiae; N5: Rhodotorula mucilaginosa; GBL1:
Torulaspora delbrueckii.

1.0

0.8

0.6 -

0.4r

GS activity (umol/(h-mL))

02F

0.0

t(d)
6 A EAEEREAS SRS KEEME

Figure 6 Glutamine synthetase activity at different
fermentation times

e T a. by o, d FORFEI—IRIRE R L R 52557
(P<0.05); J1. FRVEEEEEE; NS. WLIEERE; GBLL: #URE R
=35

Note: The letter a, b, ¢, d indicates a significant difference in the
different strains ferment at the same time (P<0.05); JI:
Saccharomyces cerevisiae; N5: Rhodotorula mucilaginosa; GBL1:
Torulaspora delbrueckii.

3 WG4

MRt TR A B 2 LA e ALA B[R]
fLRE T . ter Schure 25 122LI FRyps R 7E LLBR R B M
ME— RIS I RGP R, 0 SR vk R A
HAE YRR . Minkevich 5578 LG Absk
I — SRV 11 5 77 3 vp 422 Bl 7= e M1 22 BB (Candiida
utilis)FATREE, 100 h ZJG @A HEW /D, 4
HER o ARHWEFT N LI A AR K SR i
13 BRBERETE, Hob — RN B4 R R
PRI G 325 7 DABR BR 54 Ry M — SRR A 5 R B A
P B TR LA A v i s R BRI DA R T
o DE RPN SRR R 2 BRIEE N
RFIHRE Sk I ER R AR, X 2 PRIEERER
(25 P A Bk ) 37.41%F0 39.77%, R fEsRs
DA R P P TR A o R, %o G R R R TR R Y R
PEAT AL, O e R ARV B R, A AR A
28.1%, HIEM &R 12.89%, B £ KPIwmR
Bl R fE— IR A BE SR AL, L A TR R A
RAFEN 1.53%-70.9%. AWFEHEE T1 HE
R ERE 62.22%, N5 MEAREEN
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54.67%, N5 WRAAF R EILT 88.44%, H
YO I1 AR N 45.93%.

BB R R R P 8 2 4%4%: GDH
WAL GS/IGOGAT 18, & 51K HFA GDH .
GS 1 GOGAT®7, A [ I £ 14y 4 /] Ak Bt i 1 A
], Valenzuela %1% % B M FLWR o5 € 4k 307 5% £
(Kluyveromyces lactis) T HEHUR) GDH P AR BT
Bt b & BRI 20%, GS 1 GOGAT i1 SR
FEREAAL . AHIFZE I BE X 3 RREERE, o J1
() GDH &M A 2 #kEEE, NS #1 GBL1 )
GDH & M:AHLL; NS, J1 A1 GBL1 (9 GS 1 GOGAT
WEYEARTR], Horr J1 B9 2 AhEEE TR o R I
BRI £ B AT A A R R AR N AR R R, B
TEA FEEEFRYRAERKREF, K™
SIIPUIA T T EE B SR 5K, TR 1 3l ) iy 4t
B KA R P Cruz 2B YRR TR H ik
AN A 22 R, BRI RE TR AT ARG IR
WA H R E D 2R A BORIEN 40% CP, W]
At IR 0547 J A4 E 2R K ELI AR T B AS 31 3%
Chen %5 P27E 2l fa (9 fRDRE AP RN 1% 21 % £
B, 28 TR HEANAERKMRE . BRI U kR
£ RN BT EALAE J1 o Nasiri 257 fif 38 47548
(14 H R H S RS R S R, A 3 TRl AR
FLIT LY, R8s T4 (e R RS, IR
T T R i 2 RS e SRR R LR
B EL SRR IR i Al 52(2013)P4

A 38 23 470 5 0 A2 5 L % 2 T) b T 7
FE, O RS AT BERE NS IR BERE 1, TATEAT
A () 2 R T RE 7 LA SR TG, JF FLX 2 Wk
BER A8 (0 e R, P O R A i AR
TR & TR B R PG R Y TR AR
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