A4

Acta Microbiologica Sinica

2024, 64(1): 161-173
http://journals.im.ac.cn/actamicrocn 2 Y
DOI: 10.13343/j.cnki.wsxb.20230342 =i e

Research Article Bkt

—H SV EN R RS E B IHE & E A 7

#XR L AW, BEL FEYC E¥E k#t ABn”

1 PUR R B IR A B BE, EIK 402460
2 INARFEUAE TR H AR, WK 2842 271000

BOCW], FAE, BRE, BRZE, ERE, skiE, AAMmon. — bk Rl b 2R T 0 e SO A A AT D], A AR,
2024, 64(1): 161-173.

HUANG Wenming, YIN Mengli, CHEN Yu, LI Junxun, WANG Changtong, ZHANG Jin, ZUO Fuyuan. Screening and metabolomic
analysis of a fungal strain efficiently assimilating ammonia nitrogen[J]. Acta Microbiologica Sinica, 2024, 64(1): 161-173.

B E:[8¢] KAREEARTHFAR KR TUSHEALAANER, BFLERRRARATY
B AR £ F Ao R B4R RABR A Tk, AR R RS . [ %] A (NH,),SO,
o — FOR B 3E IR 5 R38R 7 #AKE (Trichoderma spp.). 7 #& 2w & (Aspergillus niger)#= 9 #kk
wh & (Aspergillus oryzae), i ik & R A & Fo 5 R B S A% B (glutamine synthetase, GS)7& M #7425
89 E B AR B AR, B AR 3E e s AR 5 bL AR B K I AR B 44 5 F) £ 48 57 18 (potato dextrose agar,
PDA)E F A Ao LA RIE S A F 69 Raft £ 7, M L BPAAHIE G R AR R A E, AARLR
Yo T4 F AT R AR R B AR IR P RABR S T/, [4R] £ X0, MmEIk
#E MQ28 R AF A £ 4 54.46%, GS EMA 0.61 pmol/(h-g), 398 F & F EMEF R (P<0.05). &
F OB ARMLLF AT, #E MQ28 A RAFIMLiTAZ ¥ 5 % A 2L BAM B4 X . MQ28 & 1449
FHHZE O R A ER G 22.25% (P<0.05), AHRAAER S 35.83% (P<0.05), FAHRIGR P 69 & ALK
42 M 31.86 mmol/100 g 32 % %] 57.69 mmol/100 g (P<0.05), # & B . ¥ &AM Fodh RIS 14 AP R AL
B4R ER 5(P<0.05), EFARBADABIESETHAIRG 3.46 154299 12, [4#4] %L
Brik, A E MQ28 EA 4 & e R AA A AL, T ae R84 RS ABLEE T 2 A BRAMER R
B AR EAR, TN L F L @IeZ G 910 R E AR,

EHIE: AR, EE; KRi#tas; 8RR

TENIUH 5P EOR QIR 5 R R e L T s H (este2021jsex-tpyzxX0014)

This work was supported by the Key Project of Chongqing Technology Innovation and Application Development
(cstc2021jscx-tpyzxX0014).

*Corresponding author. E-mail: zfuyuan@163.com

Received: 2023-05-15; Accepted: 2023-07-27; Published online: 2023-08-29



162 HUANG Wenming et al. | Acta Microbiologica Snica, 2024, 64(1)

Screening and metabolomic analysis of a fungal strain
efficiently assimilating ammonia nitrogen

HUANG Wenming', YIN Mengli', CHEN Yu', LI Junxun’, WANG Changtong', ZHANG Jin',
ZUO Fuyuan'’

1 College of Animal Science and Technology, Southwest University, Chongqing 402460, China
2 Shandong Taishan Shengliyuan Group Co., Ltd., Tai’an 271000, Shandong, China

Abstract: [Objective] To screen out a fungal strain that can efficiently assimilate ammonia
nitrogen, reveal the metabolome differences of the strain in different media and the changes in
the amino acid content of the feed fermented with the strain, and clarify the mechanism of its
ammonia assimilation. [Methods] Seven strains of Trichoderma, 7 strains of Aspergillus niger,
and 9 strains of Aspergillus oryzae were cultured in the media with (NH4),SO4 as the only
nitrogen source. The strains with high ammonia nitrogen use efficiency and glutamine
synthetase (GS) activity were selected for comparison of the metabolic differences in potato
dextrose agar (PDA) plates and inorganic nitrogen plates by non-targeted metabonomics.
Furthermore, the crude protein and organic nitrogen content in the feed fermented with
different strains was determined, and the changes in amino acid content in the fermented feed
extract were measured by amino acid-targeted metabolomics. [Results] The utilization rate of
ammonia nitrogen and the glutamine synthetase activity of A. oryzae MQ28 were 54.46% and
0.61 pmol/(h-g), respectively, which were higher than those of other strains (P<0.05). The
comparative metabonomics analysis suggested that MQ28 was associated with the metabolism
of multiple amino acids during ammonia assimilation. MQ28 fermentation increased the crude
protein and organic nitrogen in the feed by 22.25% and 35.83% (P<0.05), respectively.
Furthermore, MQ28 fermentation increased the total amino acid content in feed extract from
31.86 mmol/100 g to 57.69 mmol/100 g (P<0.05). Specifically, it increased the content of 14
amino acids such as threonine, lysine, and arginine, glutamic acid (by 3.46 folds), and
glutamine (by 99 folds) (P<0.05). [Conclusion] To sum up, A. oryzae MQ28 has high ammonia
nitrogen utilization capacity. It may regulate the ammonia assimilation process through the
synthesis of glutamine to regulate amino acid metabolism and can be used as an elite strain for
the production of single-cell protein.

Keywords: ammonia nitrogen assimilation; fungal strain; metabolomics; amino acid
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Baldensperger %71 ] 2 it 25 (Aspergillus niger)
R R R OB LA B 5 R N 6% 4% = F
18%. [ FRLT 4R ] % i %5 (Aspergillus niger)
R AP E O & R 10.92%, BR
K 2 BRI o T 2 B IR & e G 0 o ax S g IR SR
B, FEREEA ™ SCP ML R FE bk .

AR UE D A W B4, T 2[R AL 2 T
WK IOV A N A MLA R R Ao R
WY, o o F L T AT 2 BERL & BB (glutamine
synthetase, GS) Fll 4+ % MR it & M (glutamate
dehydrogenase, GDH)HIVER T #H NH, " & B4y
AT AN 2R , 4% 24 ok g A A 2 IR A LAt 2 ik
R & BRI T, AT DAGE o A i At 2 R
MR A O ot e A R AR 5 A e
HE . ARIEHAM 23 BREE 5 ik — ik ]
DLs 3 a b s A w2 i, IF R AERE AL 2H 2
TR 2 B T A ) G 2 27 4 s B TR TE S [R) 355 o 2k
o AT 4 2 S R0 L R TR AR ) 2 B R 1 1
b, 8RB A AL AL, SRR A
7 SCP 4L B B bk
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1.1 F#

IR T RE FH Y 23 BRI M L0 A28 LA TR
B P A0 A BN & 1 A 7 e T R 1) PR s B
i, o, A% (Trichodermaspp.) 7 ¥k, 454>
A M8-M14; il % (Aspergillus niger) 7 £k,
g~ o3 HQ15-HQ21; K (il % (Aspergillus
oryzae) 9 #%, 454l MQ22-MQ30.
1.2 BEFEMEERAT

TCHVRSE IR AL : 3% M0, 2% IR 5L , 0.2%
BERR A B, 0.1%MmEMe — 4 ; Ak IR I
60%A 5k, 40% KT R, SY%BiBREs . Tk 2%
BEBHE (potato dextrose agar, PDA)REFEEE, |7/
YR B A F ;A0 . B . o

BR R B WRIR A, U R E R AR
Al; HE(LC-MS %), Z5(LC-MS 2%), Merck
ONTEL s ARG A UGS i &, mE At
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1.3 SHEMERER L
1.3.1 #I7%

W 23 HR B A [ B 42 8 O AL R AR 8% 5 2
H, T30 cCEIREEFRAA Th 55 48 h Je g HA:
FARDL, BEEERE EAKRT 1 em R, KA
IR ZE X A T aliAR 5 R
132 £7F

Y- 00 5 1) TR R P 42 P A B B — BR 4 A 3
100 mL JoHLARIASE S, BRbkiE 3 A,
F 30 °C., 150 r/min (HETRFEAHEEFE 48 h J5HE
WHT 4 CORFRARAZRRM B 1 mL B 5 000 r/min
B0 15 min, HUEWE, MR ERR HI 535—22009
FE PRI ZS FIRR RS A A o i, ARPE A (DA
AR, FIF GS & GS ihtk,
SRR FRAN GS 1A = R R A Ak o

FAFIHH=(Mo-M))/M, (1)
K Mo PSRN AR T i MO
R AR T
1.4 HKiZ&p%E|

W HER BRI ] PDA WA RE F5 Hh 1 55
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3ANEE, HASCEETIE ODg fH, %
ODyoo THTE 0.1-0.8, #RJi5 LAR] (] K #e AL FR , ODgoo
{EL TR REATECH AR AR 2 il A 2K
1.5 #HiXERSRKIHFE S
151 HmEE

W HE R AR 2 B AN 2 PDA WA F= LR
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EP Erf; fERA WA TR, T EE MR
WA 160 uL $EHUE (S AIRFRLE 1:1)
B IMHEIRE] 30 s, S 10 min (VKKIB),
B 3K; 4°C, 12000 r/min &> 15 min J5H
120 pL BT 2 mL #EFE . B EA &
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21 SHEMCERNERTFIE

23 MRE P INE 7 MR R TR R IR
HFRYE EAA>D ecm (£ 1), ARKRIFHRE,
435 M13. M14., HQ15. HQ21 . MQ25. MQ26
1 MQ28., MQ28 ¥ % HLAT .2 K T H AR T bk
(P<0.05). MQ28 M2 A& A HZH GS 1451k
54.46%F1 0.61 pumol/(h-g), YJHE & THAHEK
(P<0.05, #2). K, #EH MQ28 MK k.
2.2 ERHIEACHIZE

MQ28 £ PDA 572 3L TOHL A S #7311
AR AN 1 R LA IR, MQ28
FE 0-24 h A IEIR A KA, 24-48 h X A K4
48-60 h fFaEW; 7F PDA Kigetid, MQ28 7&
0-24 h MIER A KK, 2444 h AXFEAE K,
44-52 h JEE W XU MQ28 7E TLHL A K 77
B R A K RAT
#z1 BENEEER

Table 1 The diameter of the mold colony
Strain No. Colony diameter (cm)
MI3 3.03£0.17b

M14 1.60+0.08d

HQI15 1.82+0.10d

HQ21 1.37+0.12d

MQ25 2.45+0.04¢c

MQ26 2.67£0.12¢

MQ28 4.49£0.09a

P-value <0.05

The different letter means significant difference (P<0.05).
*2 ENRHERFAERMGS E

Table 2 Ammonia nitrogen utilization and GS
activity of the strain

Strain No.  Ammonia nitrogen GS activity

utilization (%) (umol/(h-g))
M13 40.17+0.13¢ 0.08+0.01d
M14 45.74+0.14b 0.37+0.07¢
HQ15 51.17+0.08a 0.50+0.12b
HQ21 26.73+0.04d 0.04+0.03d
MQ25 28.16+0.06d 0.07+0.01d
MQ26 42.88+0.07b 0.14+0.02d
MQ28 54.46+0.03a 0.61+0.01a
P-value <0.05 <0.05

The different letter means significant difference (P<0.05).

]8 [ —+—Potato dextrose agar medium
= '8_ *—[norganic nitrogen medium WN
5 ‘
— 7 r
g of
g st
5 4t
Xg 3 L
a2r TERS
S —1— 1
0 C 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70

E1 EHEFEEFEFREKELZ

Figure 1 Growth curves of the strain in different
media. The standard deviation in the figure shows
the degree of dispersion of the results of the three
measurements.

2.3 HIXERESEEAREFHREE ST
231 EFRDEMERBERNZFEFIR D0
(orthogonal partial least squares discriminant
analysis, OPLS-DA)

A 2 7T, R2Y M 1, Q2Y 4 0.997, iX

Ui B AR AL GBS S BB 2 2 18] 100% 19 25 5% T
H A 22 A A SO BE 5 99.7%,
R[22 A5 75 5 3 11 22 S AR e vl & . S ilE—
A5G UE OPLS-DA #E R il S 1, 75 Bk A 7
Rige, 5 RWE 3 s, 25 R2Y A
3l =T Q2Y fH, X1 OPLS-DA 7MY 4
R R AR A A 7 PR 0F s Q2Y HLA |
IAZR IR IE LRI N £, U BB RIAT &4
BA A
2.3.2 %#RWMML

FET AR G B, AEBRIARE T ek
WE] 3 235 AR, Hd R 2049 2R R E
R, 819 & i, 1 230 NE& R,
2 Y A 5 AR . AL . IEZESEY)
AR, TS B RS WS RIS MK
FFNHA R R PBACHY - i 22 S A 7
TR, 0736 0 AE T LR S 95 5L v AR B i
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Figure 2 OPLS-DA score graph. MN is inorganic
nitrogen culture medium sample, MP is PDA
culture medium sample. R2X represents the
interpretation rate of the established model to the
quantitative metabolite, R2Y represents the
interpretation rate of the established model to the
sample grouping matrix, and Q2Y represents
whether the established model can distinguish the
correct sample grouping by the amount of
metabolic expression.
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Figure 3 OPLS-DA model permutation test chart

in the figure. The blue and red dots represent the

R2Y and Q2Y of the model after replacement

respectively, and the two dashed lines are the

regression lines fitted by R2Y and Q2Y.
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BEREER W T, mER. RS 4G
PURR T ; HESE LR M, 42 K3 At
A B BEIRBEARGE R,
233 ERKHI KEGG 77

Xf 24 A0 KEGG MY B4s Rkt T & 4
GrHT, i E 2 S BRI 2 30 4
REHE (R 4). ERIEXT, 220
£E 10 30 AT % AT 11 AR TR IEMAIN
i, IR 12,14 #1116 JTTRIR R A= 916 A%
mE e A . WA 4 R 48 — 3R PR (tricarboxylic
acid, TCAEIFEF . X156 I 2 MR AL nl 2ok
i MQ28 2 [F] kA i 1 S B A C it %
24 HINEKRABEENNEEER. BULE
BEMEEBREENT

R UL R B 1 B & A LA & i
X RRLL(P<0.05, % 5), HAHIEAR & R
15 22.25%, AHLES T 35.83%. AL X
HEZH R EOR M 2 5. St 73 1R 57.69 mmol/100 g
F131.86 mmol/100 g (P<0.05, % 6), KB4
B 4-ZIE TR . BEERE . beta-INERE . THER .
BRAMR . FIMER . ThER . AEME . 2%
g . N . KR . B R . 2 fiS =R
SR EES TN HHEP<0.05), BRER. KRR
MR, RACTEREA 3-F RE-L-4] Z R 1 7 i i 5 1%
TFXF IR (P<0.05), ARILNEATR . EER . Wi
2 | I 20 A 22 1) B et RO B2 TG J v 22
S (P>0.05).
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Table 3 Major differential metabolites

Category Metabolite name P-value VIP Regulated
Amino acids Alanine 0.03 1.07 Up
Phenylalanine 0.03 1.07 Up
S-adenosyl-L-homocysteine 0.01 1.12 Up
5,6,7,8-tetrahydrofolyl-L-glutamic acid 0.00 1.13 Up
L-ornithine 0.01 1.13 Up
Leucine 0.00 1.14 Down
Lysine 0.03 1.07 Up
Threonine 0.00 1.13 Up
N-acetyl-DL-serine 0.01 1.11 Up
Histidine 0.00 1.13 Up
Arginine 0.00 1.13 Up
Small peptide Homocarnosine 0.01 1.12 Up
Antibiotics Anhydrotetracycline 0.05 1.04 Up
Neomycin B 0.00 1.14 Down
2"'-N-acetyl-6""-deamino-6""-hydroxyparomomycin 0.01 1.11 Up
34a-deoxy-rifamycin W 0.00 1.14 Down
Landomycin D 0.02 1.09 Up
Aclacinomycin N 0.01 1.13 Up
Viomycin 0.02 1.09 Up
Organic acids Anisic acid 0.00 1.14 Down
D(-)-B-hydroxy butyric acid 0.00 1.13 Down
3-methyl pyruvic acid 0.02 1.08 Down
Hexanoic acid 0.00 1.14 Down
Methoxyacetic acid 0.01 1.11 Up
Vitamins Vitamin K3 0.03 1.08 Up
Biochanin A 0.01 1.12 Up
Lipids PC (16:1(92)/0:0) 0.00 1.14 Down

http://journals.im.ac.cn/actamicrocn
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Table 4 Metabolic pathways involved in differential metabolites

No. KEGG metabolic pathway Number of differential metabolites
1 Arginine and proline metabolism (ko00330) 17
2 Biosynthesis of 12,14 and 16 membered macrolides (ko00522) 15
3 Pyrimidine metabolism (ko00240) 12
4 D-amino acid metabolism (ko00470) 12
5 Two-component system (ko02020) 11
6 Tryptophan metabolism (ko00380) 10
7 Tyrosine metabolism (ko00350) 10
8 Citrate cycle (TCA cycle) (ko00020) 9
9 beta-alanine metabolism (ko00410) 9
10 Biosynthesis of ornithine, lysine and niacin-derived alkaloids 8
(ko01064)

11 Phenylalanine metabolism (ko00360) 8
12 Degradation of aminobenzoate (ko00627) 8
13 Arachidonic acid metabolism (ko00590) 8
14 Glycine, serine and threonine metabolism (ko00260) 8
15 Toluene degradation (ko00623) 7
16 Serotonergic synapses (ko04726) 7
17 Tropane, piperidine and pyridine alkaloid biosynthesis (ko00960) 7
18 Biosynthesis of shikimate pathway alkaloids (ko01063) 7
19 Niacin and niacinamide metabolism (ko00760) 7
20 Alpha-linolenic acid metabolism (ko00592) 7
21 Riboflavin metabolism (ko00740) 6
22 Linoleic acid metabolism (ko00591) 6
23 Histidine metabolism (ko00340) 6
24 Diterpenoid biosynthesis (ko00904) 5
25 Carotenoid biosynthesis (ko00906) 5
26 Neomycin, kanamycin and gentamicin biosynthesis (ko00524) 5
27 Lysine biosynthesis (ko00300) 5
28 Retrograde endocannabinoid signaling (ko04723) 4
29 Alanine, aspartate and glutamate metabolism (ko00250) 4
30 Amino sugar and nucleotide sugar metabolism (ko00520) 4

<l actamicro@im.ac.cn, & 010-64807516
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Table 5 Contents of crude protein and organic
nitrogen in fermentation group and unfermented
group (%)

Items Fermentation group Unfermented group
Crude protein 23.90+1.17a 19.55+1.06b
Organic nitrogen 19.41+£0.27a 14.29+0.05b

Different letters in the same row indicate significant
difference (P<0.05).

Fz6 AERAMITIRAG 25 MEEBRNSE
Table 6 Contents of 25 amino acids in fermentation
group and the unfermented group (mmol/100 g)

Amino acid Fermentation Unfermented
group group
Tryptophan 0.21£0.02b 3.03+0.11a
Phenylalanine 0.56+0.12 0.54+0.02
Methionine 0.08+0.01 0.07+0.01
Valine 1.30+0.28 1.28+0.14
4-aminobutyric acid 7.16+1.33a 4.86+0.06b
Tyrosine 1.75+0.29a 0.65+0.03b
Proline 1.63+0.30 1.7940.04
Beta-alanine 0.63+0.08a 0.47+0.02b
Alanine 7.82+1.75a 5.19+0.06b
Glycine 1.68+0.30 1.94+0.12
Glutamic acid 9.23+1.80a 2.07+0.09b
Hydroxyproline 0.33+0.05a 0.14+0.01b
Threonine 1.64+0.22a 0.68+0.03b
Aspartic acid 1.284+0.23b 2.39+0.02a
Glutamine 16.00£1.66a 0.16+0.03b
Serine 2.10+0.30a 0.65+0.02b
Citrulline 0.12+0.03a 0.02+£0.01b
Asparagine 2.13+£0.30b 5.0240.09a
Arginine 0.77+0.13a 0.53+£0.02b
3-methyl-L-histidine  0.01£0.00b 0.02+0.00a
Lysine 0.57+0.09a 0.21+£0.01b
Histidine 0.55+0.15a 0.12+0.01b
Ornithine 0.13+0.02a 0.03£0.00b
1-methyl-L-histidine ~ N.D. N.D.
5-hydroxylysine N.D. N.D.
Total 57.69+9.48a 31.86+0.96b

Different letters in the same row indicate significant
difference (P<0.05). N.D.: The target compound was not
detected in this sample. 0.00: Standard deviation<0.001.

3 Wtk

3.1 SMErEENEREHIZ

AT LUR 2 G R E I T, A
HORE AW ) & R RE VA G . B et
AN R i e i 32 1 LA e 28 60RO )
R RS A 62.22%, il kA&
i 126 ¥ I F 25 I & (non-protein nitrogen, NPN)FI| F
RE 77 %5 5k 1 R AR T B 1A 1) AR 1T B i 0 il oy
48.78%F 58.71%. FwWHAFEHIIMER, A
A B A R AN BB = B T O e, IR RS I
R—eErEHER SR Bard 75 aFk
P 9T A i o A3 FH (NH,),SO04 A HE— &
VR EEFREE, O BE Hh— k2 AR M GS 16 1
ik, AR %N 54.46%, GS
TEPEA 0.61 umol/(h-g). N 8 FRIEEEETH
i 3 AR AT LA AL fL S A B RE , X 3 BRI
BERTERR SR S dJa, ARSI 36.99%.
12.42%F1 15.77%, GS i&PE551°0 0.85. 0.30,
0.28 pmol/(h-mL)., 1fij & £ K 7LL(NH,),SO0, A i
—RIRMREFRIL, THEH Y 10 BRAR 7 PR ks
RAFFARILE 10%LL T, 17 Bk v 8 a2
W RE BRI R 30%-55%, 34 MRAR 22
RFFHER 40%-80%. X 1t A 53 i 1 31
K MQ28 HAARIFME AR AAET, wILk

YERH 7™ SCP I H FE#E .
32 EHEAREFESAIEFEL K E A
FoH

OPLS-DA & — A B MR, BRI
AMRAE, R2Y BB TRIEIR AT R, R2Y
M 1, U RERERE AL R MR Bk, |
P Z [A] ) 25 S K o T QY U358 B AR AU (1
FIPE , Q2Y MEAENT 1, 1d AR iy m] 5 00 2k
5, RUACAUEEATERE . SAiEfe OPLS-DA %Y i
WA MG, TE TR, Bk
JE—FINEISTE I, A QY A ALk iR
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R E HAE R 0, W RS RN AR R 5 0
%, AR R2Y K 1, Q2Y H0.997, iXiiH]
AR R AT 5 H PG IA) 9 25 SR, B A 56
Q2Y #A BIAL Ry &L IE HBER 1, UiH]
PREAAFAE L BIA BAY,

Y AR AWM RE: — & ol
TR A & AR A & R M & B (glucose
dehydrogenase, GDH)Z 5 FAEMA AR, B2
R RS AE GS /BT 2E i a2 o) — ik
T2 2 A% 2 TR e 1) T e 0 i A% SRR A AR
(glutamate synthase, GOGAT)#% % 2| a-fiil /% — R
., SRJE¥ GOGAT /)i GS VA, S8
T — A A J R A s 2P, Ik, GS
FEA P A A L AR, TGS 1Y
BEDN B U A2 B KPR, L
i B 2 2 35 R 1) ARG 5 A i B AR Y
W AT A i B0, A EET PDA BiR
5, TOHUE R IR R A 0 25 AR
YLV IR T i) KEGG i B4 i1 & 21,
A 22 AR Y B A 2 1 A S
HA AL . WAL RGO = R BR(TCA)
TR

SRR T 58 A G R VA, 6
25 ATP K, TR A A A LR [P 1 45
g4, DS Rr i A ik ohag>. At
i, AT PDA 534k, THLARE SRR
N . RN . AR . WAk 4R 5
¥ B, XK & MQ28 A fkid
A e ik B SRR R UIAH G . &R A AL
BB R ATP ., AR F 12 5P,
MisAts, JuHJE TCA 1E3F, AT LKy RLiR
it ATP ., BB BRIA R ). ABFFEH, oA
TR HLUE AR AE TCA T3 B BEHAMR TR | o-
el PR A5 B R R, X AT BB O BRI | AT
BRI o- % —FRERZS 5 TCA B3N, RN ATP
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FA I 2 R A 8568 1 . WAL 7 R G E
Y EERIE S5 R ARG, B X
RGP A Y A AT R R A DR .
GLNL Fll GLNK &7 XU 8 /7 R G
PSR, GLNK A] DL NH,
PR, W E S5 AT LA glnl BFRIX,
P R A SRR Y B 1 GLNL P & 558 5 1
atmB [R5, atmB 7] LR FEAH I P 40 0 0T
P, ARIE, JOHLAEES IR 2R B R SR AE AL
RS Z , ATReE R K& MQ28
FEFR I NH, " A B 11 WU 5 2R 45 ks 1
FHH . AAm, Kkihds MQ28 ik T —
S BRI SRR T, X LT REPEY)
Bk T HABIR . PUA  PUE ST FPUE B 1
FAAE, 80T LGRS il R IE 3% 5 G5 ) A
Afkfg S22,
3.3 HiERABENNEAERR. BUE
BENMREABREENH

AMFFREERFN, KRR i it
BUAS T AR B A 2 SR R A 1 0 25 8 T 0
RAZH, b, 4% R N4 24 Tt i 3 it 0 ) 4
3.46 {51 99 £, X UEH] MQ28 I g & i 1 2 7]
FAE R B = iR RL B 11 T 5 . A A e = sh
Wi F & IR, T TIA 4, 1Ehar
TR . BRIERSBEIRER . TR . IERS | WERE
PE AR AN 2 A A W G AR P, 1 L
WA B AN A e R v R E T RERY . TE R
At e, a2 R 2=,
B T VR AR AL R N RS, i w-Ti e
s AL N IETR I -2 3% | oI R S . A7
AT LATE GS A B ALl o- 2 3
R w-TEREEGHER RN B AP, GDH R4k,
Wk GS [k, M FES AR IR ETT,
FEX MR, A SRR AW A R

A WA E A A BAA T2 B9VE R, 4
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BT FY R A AT T L 3 5 O AR A I M e
iBIR SLCIAS iz BILoRifA R, S8 )5 i 1 45 2k
J¥z i (glutaminase, GLS)# Ak 45+ 2R , BEMUEL B
FEU, B2k (A A 2Rl it SLC25A18 Al
SLC25A22 i NZRL (A Hh B3k, 7EJLFD
HAEMBWENTZ 58 H K, WER . 224
FAS &R ALY & Y A, AT L
TE ML W R -5- ¥R BR A BX 8 (Al-pyrroline-5-
carboxylate synthetase, P5CS)FI4F 2 R iR B
R BN INE R 42 TR Wik, A&
Wb, ZRHNAR ., 22 . NEAR . HA
MR 4-Z A TR R EE ET . Au5EuE],
A 2 W e T 16 €0 2 R 1 Vs | W 38 10 1 2 2 1R
(e L0 e SR IR T AR - R
3 o R 1 2 I (keto acid decarboxylase, KDC)
R b, SR Ja AE TN RS B & [ (alcohol
dehydrogenase, ADHs) {E F T if 5 & {0 i i
(TryOH)™*!, TryOH i i 45 22 234 % AL 26 11
Jif(mitogen-activated protein kinase, MAPK)FI#E
H#4H AGC (protein kinase A, G, C, AGC){5 51
FEAE IR 22 R B A A KB AR IG T, KA
@’ﬁ@fi KA G BRI R ATk e 1) 7 it .35 T I
A RESE PR oy (R i T TR TR AR K
ﬁﬁﬂ%gﬂﬁﬁﬁig”ﬁ@&%%@@’ﬁﬁﬁTiﬁiT@
QMR

Zh

ﬁﬁ%ummmm%%—ﬁ%%ﬁﬁgﬁ

AL R TEHL A K 8 MQ28, oz A
FH%jJ 54.46%, GS {GPEN 0.61 pmol/(h-g).
MQ28 2 [ 5 2 SRR A 2 YT AR ¢
AL A AR N 2R 4 2 A A R
10 P ke S A A B3 FIE . MQ28 &
e oA TR R L . AL
DA RORRTR AR SRR 14 Pl SR

i)

=

e, H, iR FN 4% S Wk A 7% 12 4 )
P 3.46 f5 A 991 o X ULHIK A MQ28 1f
RS2 3 B A 2 I e R T S R R R AR R
WA A AR . MQ28 R REF A Z R 4
MR8, Je— PR EAA T & R E’J
BRIk
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