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Abstract The gene expression in Hericium coralloides on the process of producing y-aminobutyric acid (GABA) was
investigated under Schisandra chinensis ( Turcz. ) Baill. induction environment at different growth stages. H. coral-
loides RT25 was used in this research. The H. coralloides RT25 growth state of the fermentation mycelium and the pri-
mordium, the various indicators of the fruiting body were compared and analyzed between the experimental group with
Schisandra and the control group without Schisandra. Transcriptome sequencing technology was used to analyze the
differentially expressed genes and related enrichment pathways of H. coralloides at different growth and development
stages. The results showed that the fermentation broth mycelial pellets of the Schisandra group had higher uniformity
and density than those of the control group. The fruiting body of the Schisandra group showed significant improvement

in mycelium growth rate, primordium formation and biological efficiency. Transcriptome study showed that the DN344
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gene expression of H. coralloides RT25 with Schisandra group was up-regulated during the mycelium fermentation

stage, and the activity of glutamic acid dehydrogenase was enhanced, resulting in the increase of L-glutamic acid,

thereby promoting the increase of GABA content. The DN3464 gene expression of H. coralloides RT25 with Schisandra

induction was up-regulated in the primordium formation period, and the activity of glutamic acid decarboxylase was im-

proved, leading to improve the biological synthesis efficiency of GABA. The DN344 gene expression was up-regulated

in the fruiting body maturity, the glutamic acid dehydrogenase activity was enhanced, and the L-glutamic acid content

increased while the expression level of DN3464 gene and the activity of glutamic acid decarboxylase remained stable,

and the activity of y-aminobutyric acid transaminase was enhanced, which finally led to the increase of GABA con-

tent. Schisandra regulates the signal transduction pathway in cells, affects the expression of the related genes for GA-

BA synthesis, and then regulates the activity of enzymes related to the GABA metabolic pathway, promotes the conver-

sion of glutamic acid to GABA, finally improves the yield of GABA.
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DU P 2 R A W i X GABA & i, PR
RIS PE B4 T B8 A A= A ELAE T, 72 A AR
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XPHREE IR L (CK) (%) : B E 20 (K I) , ZLbE
1.9, FH 4 0. 3,KH, PO, 0.3, MgS0, 0. 15, 4
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RTRERT HR$5 77 FEA5 3 B P 221K Ry X BB (CK) , &
P S 1% 57 645 B A TR 22 R SER 2 (SC) o K
MIEERE FE (1~/100 mL) P ER ELAR (mm) | PR 242
A (g/200 mL) , B n =3 MY E
8L AFEARK 3 IREA

1.2.2 B#ERE R FIRIE 10% HEFh a4 s
TAERE A B X 85 % J AR 1 S0 8 R 3
WEOLEEFE 37 d WK WRLE, ZEHEHERE
ATHIRAR (18 ~20 °C) #4743, B3 H 38 XU
W BEEllAEK R 0.5 em H AR K& 3G 71
SR, T 78 ~F S A fif 7 AR 2R 0R o R R A
TR RL (- 80 C) 147, F T 4 4%
Bro [FIEE B JEE S 750k T 55 CHET R fE
FTTEM GABA Figillg, Hrh 4k ks xf g
BrFR IR FRAS B A JE IR A SE AR A S B4, 480K}
R 2 e 4 77 LR A B A S R S A S
WM, METE A EZAKEE (em/d) | 2Z KK
FH(d) JFIIE R REL (d) , FELAREEER (g) T
TARTE(g) AEVFHAFE (%) , BHAT n =
10 MEYIFEREE BRI 3 REZ, £Y
AR (%) = (BARE LIRS )/ BRT
BLE) x100%

1.2.3 GABA &M fEBEH 22K JRILH
T RHE T Ry e, 3 80 HE, HL(0.50 £0.01) g
JEARESS, R K HE 12100 (g/mL) 35 °C H 7 $2 BL
1.5 h,8 000 r/min &> 10 min, B35 GABA
i, SRAMEEEZEIE GABA &P Ofx
IR il 2% . 1 5. 00 mg/mL ) GABA #5Efif
W C AR MER I (0,0. 05,0 10,0. 25.,0. 50,
1.00.2.50.5.00 mg/mL) ,#3EH 7 7F2 y =0.990 1x +
0.133 7(R*=0.999 6),30, x A GABA ¥ &
(mg/mL) ,y WIEREE , @FEAIIE 0.5 mL I
(%{@l,j]ﬂ 0.5 mL EEHE@EE&%/FF@(O 2 mol/L, pH
10.0) .1 mL 6% A& A1 1 mL NaClO(8% ~12% 1§
PES) LIRSS K 10 min, 7KIBA 2 20 min &
WELRAD, 2 mL 60% ZB%, T 645 nm MW OGEE,
FEPRMEIT ZI T GABA &5,

1.2.4 #HFA5H KEK RT25 1 KWW 2
T RIS FIREE S (R 1) BN EAEY
BHEA BRA AT RNA B2 R 5% Sk 4Ly (1-
lumina X-ten, 150 bp) ., SZ 5 i F2: RNA it £,
NanoDrop2000 Il 21 & /¥ &£, Byt B M FiL ik 35 11E ¢

BEPE A% S cDNA SCE; X $iHE E 17 43
SR UG KA 1 9875 clean reads, 28 Trinity $f 245 W
M AR U unigene PEAT IS 220 #T 5 X) uni-
gene FIHESEAR AT GO KEGG I fETE R, it At 70
T HAR R ACH R 2%

FR1 FWHERES

Table 1  Experiment sample number

FEm 24 il Eoae)
REEH LA S22 (mSC)  HCmSC-1  HCmSC-2  HCmSC-3
XFHRZH (mCK) HCmCK-1 HCmCK-2 HCmCK-3
J YA (pSC)  HCpSC-1 - HCpSC-2  HCpSC-3
XFHEZH (pCK)  HCpCK-1  HCpCK-2  HCpCK-3
Tk SIBGOH (1SC)  HCSC-1  HCfSC2 HCSC-3
F}HEZH (fCK)  HCfCK-1  HCICK2  HCfCK-3

2 HEREN

BEEE

BIbR RT25 T 22 KF R AR A A 7900k
AMEREHAME LW, A8 ™ i m, AR BRIk
60% UL E (BT 1) o Nit—H 25 Wbk RT2S , AHF5E
AT T FEEMARG LT 5. ¥ PCR ¥ 1™
ik A T AW (Lt ) I A7 BRAS wl A7 2l AR A
PRI Bl S R GenBank A% R 15 51 B 122 X
#3149 rDNA ITS JP 9 #EAT 7007 JF M RS L H R
(K2) . Pk RT25 B IRk 1 ( Herici-
um coralloides) , 3 J& Tk Wi )& ( Hericium) , Gen-
Bank "5 XUB15334001 RT25PV660266

2.1

1 WEPRIESLE RT25 FREEKRS
Fig. 1 The growth state of Hericium coralloides

RT25 fruiting body

2.2 RESHBELEILER

AHIEFE N S T %o R b % 3k B 22 (AR Sy % R
U, K BESC I IR LA 228 Ry SE IR 2 5 AR X
WEBR IR LTS Ry ) HR 4, A%k B S 06 1% 7 3k
T AR, SERILE 3 k2,
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B2 ETITS MEHNMBRELE RT25 REL SR

Fig.2  Phylogenetic tree of Hericium coralloides RT25 constructed based on ITS

B3 REBRF IR SLE RT25 X B R EIR A0
Fig.3  Schisandra chinensis ( Turcz. ) Baill. on the fermentation and cultivation state of Hericium coralloides RT25
T n =3 JFILAIF LK n = 105 A RIFERZS XS LU B BB i 22 A s B 50 S0 LE
Mycelium, n =3; primordia and fruit bodies, n =10; A: The comparison of fermentation conditions; B:The comparison of the

growth rate of mycelium, primordia, and fruiting body of the cultivated strain
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S5 EoN, PR RT25 W H % 715 5 &
e, 52 0 21 DA 22 R GABA % ft 2 2 X JEZH 1)
2.53 i, JEILSTE 41 GABA & i 2 X HR AL 1Y
1. 15 %, F ORI GABA & &5 24 S 4) BEZH 119
2. 12 4% 5 T AT 22 A0 2 TR Bk TR D TR K
HARKNA — | LB R O, T 225040, B
RERG B> PEATH 22 3L 0 R R 22 (RS0
L BRE LR, 2 U4, BER EARI SI 4
TR 52 A7 1 (0 5 1 SIC AR IR A T 22 308 TR BT (0

JEEIE S R/ TSN SRR, 22
BB, TOAZE 55 CrE IR TS ki 52
Ko 2H B 22 BURTE A, JBUEIE BUER, B &2, TNk
B, AR, LA ) R, SR, PR B, 12
TR R B 0, L5 SRR, SCB 20 R ek
A TR BRI B g B 2 SO R 5 5 0 IR LA
F, SEER AR B 22 R AR I B A W53
FRAEFRPR 144 25 B R, TR S TR X SRR AR A
SR B AR AT BA WEAE B

K2 FERFMERIELE RT25 GABA A BEH £ R IZRSHEIN

Table 2 Schisandra chinensis (Turcz. ) Baill. on the GABA, fermentation and cultivation state of Hericium coralloides RT25

EEEN %

X I ZH

el

SRR WKk GABA/ (mg - g71)

REERERE R/ (A - 100 mL~")

KPR E AR/ mm

W22 YR/ (g - 200 mL~")

LSRR JF3E GABA/(mg - g~ 1)

FSAK GABA/(mg - g~1)

WA K/ (em - d ™)
22 KW R/ d
JFIEIE R H/ d
Tt /g
FEAATH/ g
GR/ES &)

3.638 +0.008b
423.000 +3.018b
0.684 +0.024b
1.235 +0.039b
11.825 +0.011b
25.877 +0.049b
0.397 +0.053b
21.000 +0.958a
32.000 +1.057a
19.330 +0.899b
2.040 +0.086b
60.740 =1.169b

28.087 +0.006a
672.000 +2.365a
0.947 £0.062a
2.657 £0.087a
12.104 £0.074a
54.795 £0.695a
0.491 £0.037a
17.000 +0.964b
27.000 +1.725b
21.560 +1.036a
2.260 +0.288a
68.250 +1.087a

TE B A IME = ARIEDR 22 (224K n =3 JFUERI T 94K n = 10) s AR NE FRRIR 25 B3 (P <0.05)

2.3 RNA RERNSHRANF

X B L1 I B8 bR A K A B PR RT25 1Y TR 22
TR R T RNA AT B AR K s 20 i
IREHE $2 52 & SRA %48 & ( SUB15373633, BIO-
Project ID; PRJNA1277817 ), £ Wl RNA F i
0D,/ OD, W HLAEFAI A F 1.8 ~2.2 Z i), iK%

fdFH Trinity XF BT A FEAS = T 6 0T 4% 40040
(clean data) 17 MK EH2E | I X 2l 2 45 b A 740
AL PEAL >R ] Hlumina Novaseq il 571 5 #4175 5%
UM, SR IR 28 i o e 1 U (5 Bl e 42 3k
JPA BT N AR TS KT A
75380 v o B B A5 , Q20 ¥R T 99% , Q30 H
PriEid 906% , ik G MIBEIE C A9 L (E LT 15 3]
11, a B i v o B B e A R A /0N
JP I, FTHEAT N — 24T,

2.4 ERERAME
B4 20T HEAR P RLZER, EPL
grLapnic iR s bric T IR 2 B R 6 0]
FORT R EERFER, ZE B TR
TEREAS [H] 1Y 2 T8 A5 B2 Ak, GVl e e T ik
AR G L, a2 R E2R, mSC 5
mCK 2[R /7 7E 832 >t & 22 Sp 3L A, Hop 19
FEH 352 4>, FREER 480 I~ (K 4A) ;pSC 5
pCK 4 i) 22 LA 8 5 331 4>, &2 6724 1
PRI A2 659 T (E 4B) ;£SC 5 fCK
2 [) DU) A ) 3848 Al 2 E, 4R
17674 FEFER A2 081 4~ F LR (K 4C) .
XL F B, R - 19 0 AR BE BN T R BR
RT25 7E 24> A: K By B ) 2 PR R SR PR 4R pIL ],
S M I R S T A A ek R v T M 0 1Y B
A1,
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B4 FHDRARSLE RT25 RAEHEAEZREREALE
Fig.4  Volcano plot of differential genes in different samples of Hericium coralloides RT25
A:mSC 5 mCK; B:pSC 5 pCK; C.fSC 5 fCK, HAME n =3 MEW¥ER G MEARI 3 Wl K5 K7 7]
A :mSC vs mCK; B:pSC vs pCK; C: fSC vs fCK. Each group contains n =3 biological replicates, each sample was tested for 3 rep-

licates , same as figure 5 and figure 7

2.5 ERERGO EESM

GO & BT HTH B bk RT25 B 43 = K3k,
Bl A=) 1% 4% ( Biological process, BP) | 4l ffd 2H /73
( Cellular component, CC) F153F j g ( Molecular
function, MF) ., A 5 75, mSC 5 mCK 4 i &
25 S FERRER /e AR A0 72 A AR | 4t i

4y AN A T A A AT TS A
F2;pSC 5 pCK 415 1SC 5 fCK 41 & 3 25 7 3 H
Kk B an L fe AT RE AL TS PSS
e, GO ®ESMEREN EHKRTFHES T, E
Pk RT25 T 22 (RN ¥ S5 14 25 S B U7 AR i 42
0 BELZH 53 F0 43 - DI RE 7 T AT AR
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5 HRHIRARSLE RT25 RE#HZAZE R Unigene i) GO ZhaEE ALK E
Fig.5 Bar chart of GO functional enrichment of differential Unigenes in different samples of Hericium coralloides RT25
A:mSC 5 mCK;B:pSC 55 pCK;C:1SC 55 fCK, HHME n =3 MEWFERL B MREARN 3 REL
A :mSC vs mCK;B:pSC vs pCK;C:fSC vs fCK. Each group contains n =3 biological replicates, each sample was tested for 3 repli-

cates
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2.6 EREEKEGG E&EH

25 M KEGG & H /7 rds R AEl 6 iR,
a4 mSC 5 mCK (B 6Aa 6Ab) | ik HY i
B AR bR B R AR B A K A Y i
1-Z R ih AR A )6 B DNA & ATk 2
FRAED A i, [RI it o b 2 e AR T R 1A
AR A48 RO A A Qi A2 R A Joit ) 2 1
T,

Xt EE pSC 5 pCK (#l 6Ba 6Bb) |, i % L%k
PR 35 308 B8 () A AR 5 1 IR A 7 W 2R
e =R R AR T A I 3 N e 2 N
PR A R IR AR BRI R AT G TR A B0 | W B
PRIEAR , i i 0 35 e A T I LA o

Z 5 A 2SRRI A REREY &
B PUAER A A B A Z B BE-(RNA B
G ARG BRI A A B N AR KA
AR AR RGBT G B A
AR ANV

X EE £SC 5 fCK (&l 6Ca 6Ch) , i 3 FiH &
PRI 538 B A IR A A & L AR &R
DA B B P 2 8 A P A 5 2 -5
RIRACH HE 2 R I 2 R A, (o = R A L IR
I BRI fife | — R RAE IR ANTRLFN A 17 1R 1 26 40 5 B
8 it b 3 S N SR A E K, 2
AR AZNE AR A B A0 R B P o X ) B
Fhn T IR 2 45
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6 FHKIESLE RT25 FEHAEZREE KEGGC EESEE
Fig.6 Bubble chart of KEGG enrichment of differential genes in different samples of Hericium coralloides RT25
Aza iy mSC 5 mCK 4 FRZER b i mSC 5 mCK 4 NP ;B a ly pSC 5 pCK 41 L IIER b 24 pSC vs pCK 41 T i
FEP;Cra A ASC vs fCK 4 BIRIERH b 2 1SC vs (CK AR IR, BAUEE n =3 MEYZFEL DA 3 WEL

A:a is up-regulated genes in mSC vs mCK group; b is down-regulated genes in mSC vs mCK group. B:a is up- genes in pSC vs

pCK group; b is down-regulated genes in pSC vs pCK group. C:a is up-regulated genes in fSC vs f{CK; b is down-regulated genes

in fSC vs fCK group. Each group contains n =3 biological replicates, each sample was tested for 3 replicates
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( Metabolic pathways ) , W 2 A5 7= ) 4= 91 & 1
( Biosynthesis of secondary metabolites ) , N % 2
KA AR M4 E BRI (Alanine, aspartate and
glutamate metabolism) , DL [ 4% 5 i 7R i g6 gy
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E7 WER XZIBRNEIEBAEIER
Fig.7 Metabolic pathways of alanine, aspartate and glutamate metabolism
A:mSC 5 mCK;B: pSC 5 pCK;C.fSC 5 fCK, BHME n=3 MEW¥EL , BN 3 KER
A: mSC vs mCK; B: pSC vs pCK; C: fSC vs fCK. Each group contains n =3 biological replicates, each sample was tested for 3

replicates
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Table 4 The primer information in this study

ERes| ERJFHI(57-3") KT (5'-37) PCR 7=4J/bp
188 CGTGGTCGCTGGCTTCTT TCGCTCGCTCTGTCAGTGTAG 124
DN9119 AGGCGGCAGTATGGGAGG CGTGTTGAAGTCGGATTGGAG 195
DN334 CACCTTCCTCTGCCCTATCTC GACTTGTGCCGTTCCTTGTC 118
DN4454 TTTTGATGATTATTGGCGTGTT TCGGGACTGCTTTGAGGAT 138
DN6280 CAGCGACGCCGAGAAGTA TGATCGAGTTGCGGAGGTT 104
DNI14456 CCCAGGCTACACCTTCTCCA TGCCAGCAGGCGTCTCAT 164
DN4270 GACGACAAACCGCAAACCA GCCGCTGACTCCAGACTTAGAT 84
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B8 MHLKARLE RT25 FREKAZERERKRLESR PCR ¥ G & RIS H &

Fig.8 Amplification curves and melting curves of quantitative real-time PCR for differential genes in different samples of Hericium coralloides RT25
A:ahy 18S PN b N 18S WEARMILE ;B a S DN334 H LR by DN334 VEfHINZE ;C.a Sy DN4270 WEHINMZE ;b Sy DN4270
PIGMNLE ;D2 2y DN4454 §HMER b o DNa454 Fefig 2R E:a Jy DN6280 § 39N ZE by DN6280 i 2%, F:a y DNO119
YLk b DNO1I9 FEfEMNLR ;G2 a Sy DNI4456 ML b Sy DNI4456 A2
A :a is amplification curve of 18S,b is melting curve of 18S; B:a is amplification curve of DN334, b is the melting curve of DN334; C.
a is amplification curve of DN4270,b is melting curve of DN4270, D :a is amplification curve of DN4454 b is melting curve of DN4454 ;
E:a is amplification curve of DN6280;b is melting curve of DN6280; F:a is amplification curve of DN9119 b is melting curve of
DN9119; G:a is amplification curve of DN14456 ,b is melting curve of DN14456

B9 MEPRMRLE RT25 AEHAZERFRIEEEM RT-qPCR CT &
Fig.9 RT-qPCR CT values of differentially expressed genes in different samples of Hericium coralloides RT25
RN TEIE = HRERZE (n = 3) s ARVNE TR 2257 B3 (P <0.05)

Data are mean + SE (n =3) ; Different lowercase letters indicate significant differences (P <0.05)



88 M £ W

2 x K 46 &

3 W

ARHIFFELE TR B, R 1 4 0 X SR bR A
SLEH RT25 et At v i) A 4 R 28 6 BAAoy o 1R
GABA BGRB8 2 EAE T, W) 340 fig e
LT LRMLRE G, SR S AE YR bR, sk
LD S PR 22 R B R v SRR A
XTRRZE AR L, SRR I 2 832 25 RGN ( |
W 352 A4, T 480 ™) s TEJFILIE U, 22 5%k
SRR 5 331 A ( 12 672 45, T 2 659
AN s TEF SR BB, 22 55 2% 3k 3 R i ik %)
3848 (1M 1 767 A, T 2 081 4~) . £ GO
DIREERE T, X S22 S IL R R85 5 0 it /|
R e ANEAL sy A es B AR E A e
TSR Z M A Y2 ik 72 5l KEGG il % 5 4R Kk
PR, 22 AN R R AR DNA il KRS Al
R G IR GAR T 6 B T 2R - R 4 24
P-4 AR A LA B oh 0T I 2 1 0 T AR i A
i — L R W FE R 22 IR R I AR, Ok T
b 1R DN344 3 R R 3k 38 5 43 20 R I A il 7
PELE L-B @WK LT, &2 i GABA & i
B0 s e DRI U, FOR T T DN3464 FLH R
ik LR P A R IR Bl R 1, T HE T GABA
PILE W6 BOBOR s 76T SEAR B, BE Rl DN3464
Feik LH A E MR SRRSO LR R T
B, JE DN3464 Fih KA | 4 I R i
it 1% AN AR y-22 TR A G I T 0 1, de 4 Al
GABA &,

A5 38 o e S A S BOR AATT T IR A
LT RT25 fEWR 224K R0k = ARk
BB 2 TR R SRR, S5 AR, X R
ZH(CK) M, R FALFREH (SC) R Ik
RARG = A= B LA B A A R A 2213
TR R A XSS R kT
IR X — 4 A= K B B R 454 T 2
I 2R e MR e A R R B RN Pk P AR
B A A FHDPR S, DA T AR 2 A e B B8 0 M
43 (40 GABA) & i, HARMLEI 45 . DGABA
B B, A S R AR GHE B 1) s HE S GA-
BA A ICE M O, GAD H& (K il 2 3848 1k 2 Tk
T5F GABA FLRM N R ; QIRFAR =
FIEIMRIRG A%, W25 2205 B i A R A % 1 b
PRI AT BERG SR T P AR ) PR BT A M JE K A KA

W, A P R T, R R BN R 4
AN T LR T G0 ] 3 e 2 T VR IR R S 1R )
AR R4S, R LA A2 8 15 1 B A3 RN A K 8 4
J7 T R FHER A T BRI AR

GABA JZ IR Sk B 19 52 2 D RE A 4y,
AR E RS ARAEEE, AR K,
TR F AL B (Y 22 5 5 7R TN &R . K &R R
A R AR 6 b B AR T ML AR B
FE LA =A 7 1T - QD4 SR Ik 15 389 58, 47 1% i 44
At T R R 7T A TCA 916 BR A i - % 1R
PR AL R 4% (R, M T BE 3 a2 A
R FN 2 B R A LB ( GOGAT/GS) i 42, #4 m 44
SR, GABA & BUR LK Y ; @GAD R I 1
JH4 , GAD J& GABA 45 B B 2 i, L TR 3R 3k
AN E LR GABA FEaE, qPCR AT ERIE T
GAD H A 1y Rk 8 O &AM 7-°F- 1, GABA
(AR SR 0T Rl 5 el T A AR, R B i O
T AR -TH AR5 = W (ALT) 3=, L&
TEFI R, X e R 7R T Ok 7 i
GABA 4 R W] g A%, ok 5 Sl A0 T 72
o K AR B GABA 7= 424t T Fp 3Lt

UEAESRE  IEIIR A K 1R 7 b & R TR AR T
FLRERIAIT I AR T W ), e LU L P R R R
RIPT O HAT, 3T IR Sk R Y & LR
WAL E R B SR AR L K KL R o BE 45 5 Ifd A B
FEARIRA , — EFLEE R0 T P2l il ml 5 42
KT bt I AR RS R R
SR AR A A AR B B U N
B, SRR A B 5% S AR A Sk TR 1Y) 2B ) 2 R 4R
BET R B AR DB B RN ek dl
ST T N A B 3 R 2 R i
18 2 P A A D R B R R A7 5 (QTL) 5
P22 AR AN I 1), R B P B B s A T R
RN IZ I R0 T R E S R, T
RUAIFZE T B0, 5 1 — 25 in i S B DR A0 S 7 1 6
BT 2, 4% ) 2 R D o o S R O Sk 4 S
AR R G R L3 A% A AR BRI, R el
RIBRARI W E R LR, BHEHE S
I T e — T A A W R, B o S )
AR R AR R, AR T T R B RCR
KPR e S R R RS DRURL
e EAE S Y EEN Y, B RTA L



34

89

RS B AR P R 3 st DR A R M A
s, R B FE & AVRORE A 7 v A5 3
RS BT ARG 45 R, R kT LA 7 1)
WATIRAFZ 8, (O & 5 25 R 1) ) BE 360 F 1 %)
GABA & B, R G AR 1 45 38 [ iy 22 55 3R 3k 3
PR, 300 ok 5 R i o o 3 K S 0 i AT % R 4R
AR = Wy s, QAR 4 2 5 i sk A
WA T A5 AR (40 GABA B &
R 2 WE i) |, Y A st 21 T 1Y 30 % AR A+
A SRR R T M2, @Ak R 5T
BP0 08 B PE GABA BB Bk, 3T FI CRISPR
S8R DR i i R B A S AR U Y L (S R
IR BEEL N ) | 55 B R 80G L GABA 1 S B IR A
Sk TE BT R PR, B b A 3 Rl R 2 B AR o )2
1], B R B VA N H A E . GABA By
HE DU SRS 2 T S IR
LA GABA, i I & BAT PR A F 1)
TIREPEE . GABA 7EME REPIRIGIT T A WG
FERE P, 36 & e R A2 72 9 GABA, 7l 2
AR I e AL S5 GABA i HA 13 & Al
FPOR B IR AR L e =4 ml o Aot
A IE & s GABA X9 A A R ik Y A
FHZ TR 72 1 GABA 1 F T & A 4 AE K
T BETHEY P BT ARSI A 5
2B T R IR R S RO R A= &
BB BRI i R T X GABA & Ui
HEVEFS , AAUERAL 1 % £ 24 1 5 T 4 QO 8 425 170 3
fiff R i S 7 AR B LA R T RE M (A
GABA & 8 AU 3 46 ) T A 4R 46 T B AR I A
AR, ARARAFFETT )] i — 20 R A S pa Rl i
DRI A R, 9 Sl AR A Sk B 7 £ DRk
LRI

SE Lk

(1] e, i, Tk, &5 A< EE A IR A Sk v o 22 fo i
GIERCTIIRLT]. TPEIE R, 2020, 39(4) ; 17-19.

(2] SRME. SIDIRAE Sk B S T2 B o B S 55 A 2 1 D 5 1)
WIRID]. K& HMfal R, 2012.

[3] T, ST ik B s w2 W 2B T 2
MBFFELC]. PEEYF S, D EEY %4 2024 F2RAE
SR SCRE MO K 2 25 T 20R # TR BT e
FRK A AR, 2024 157.

(4] &R&d, BBRIZE, BRIER, S5 BWPRAGE L 18 28 1 7 4
BRI T A b g E i s s [J]. AR

2, 2024, 40(11) ; 78-87.

[5] Al HFEst. bk mEE R A s e[ C .
hETHED S TETHED AN IR S, BT
TIPS AR ARV 2R SR | I 5T
rhuts, 2023 ,34.

(6] FEWeE, HRGHE, By, & Wk BT K 253 ]
FFEERE[ )], FPEEAZIARS, 2010, 31(1) : 70-72.

(7] @Rk, W, MR, S PR B 7Rl MOt
SRR N RETIRERE IR ()], PR AR, 2016, 16
(2):50-55.

[8] Zhang ZX, Zhang J, Zhao LQ, et al. Antioxidant and anti-ag-
ing activities of ethyl acetate extract of the coral tooth mush-
room, Hericium coralloides ( Agaricomycetes) [ J]. Internation-
al Journal of Medicinal Mushrooms, 2019, 21(6) ; 561-570.

(91 FETfl, XU, Mk &l it A= 9 1% Pk 1 73 B T AF 58 Bk
[J]. BURE, 2020(4) : 21-23.

[10] Neda R, Melissa A, Meltem YA, et al. Effects of fungal based
bioactive compounds on human health ; Review paper[ J]. Crit-
ical Reviews in Food Science and Nutrition, 2024, 64 (20) .
7004-7027.

[11] Molina-Rueda JJ, Pascual MB, Pissarr AJ, et al. A putative
role for y-aminobutyric acid( GABA) in vascular development
in pine seedlings[ J]. Planta, 2015, 241(1) : 257-267.

[12] Hayama T, Kasa IH. A new role of GABA on synapses[J].
Brain Nerve, 2014, 66(8) : 987-993.

[13] XUz, TAEGE, MRERNI, . W& y-2 5 T IR FLA il
PRI T S R i R G M AT (0], B dh Tk R
i, 2025,46(15) :276-287.

[14] TuJ, Jin YC, Zhuo J, et al. Exogenous GABA improves the
antioxidant and anti-aging ability of silkworm ( Bombyx mori )
[J]. Food Chemistry, 2022, 7(383) : 132400.

[15] EfR, B&EE, BHm, 5% SEDEE R -85 TR
BIFTEERE (D], Aerh RL R 2240, 2024, 43 (4): 94-
101.

[16] SCHE, XISV, ARHALL, 5. dhE FEAHE IR v-&
BT & K- R (1], WYk, 2023, 42
(1):231-243.

[17] Xz, S5, WIS, % TR &5 F
TR R H i BT GABA WA BLEI (1], RS,
2025, 32(3): 13-27.

[18] lorizzo M, Paventi G, Di Mattino C, et al. Biosynthesis of
gamma-aminobutyric acid( GABA) by Lactiplantibacillus plan-
tarum in fermented food production[ J]. Curr Issues in Molecu-
lar Biology, 2023, 46(1), 200-220.

[19] SKEiMT, $F3LF, Sepkil, S5 —FEAHUAALTE PRI
Wk BB SR 7B [P, 1L 45 CN119286659B,
2025-06-17.

[20] FHFI, BEER, EM. R ILBRF FIL LR 25 h F0R
TREASY & R HPLC TRINE K22 5 LB T ()],
BRPEARL R, 2022, 68(6) :7-11.



90 M E ®w F H X 46 &
[21] Yang M, Jamison W, Wang ZX, et al. Understanding and de- 46(15) ; 151-159.

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

sign of two-stage fermentation; A perspective of interspecies
electron transfer[ J]. Renewable and Sustainable Energy Re-
views,2022,168 :112891.

SR R PRy R I R 3k B X GABA PR )], AR
A4, 2018, 33(7) ; 744-749.
SRR, SRS SCHATN , 5F. AR T XTI L S
BRI [ J/0L]. i EJK3E, https://doi. org/10. 16861/
j. enki. zgge. 2024. 0813.

SO, ORIETE, ARHELL, A bR R AT T A v-R
FET RS W E K= R N R (1], EYISAR, 2023, 42
(1):231-243.

Bk A, U, BOR, & REYUE R T RETLA T
FHBE i Bt 2 X SR SE (1], L5, 2025(8)
142-148.

T, ZFE. WY IROAE AL =W Ra R L
g [ 7], EWHoRER, 2024, 40(11) ; 1-2.

Ruan Y, Han CG, Wang DM, et al. New benzaldehyde deriv-
atives from the fruiting bodies of Hericium erinaceus with cyto-
toxic activity[ J]. Natural Product Research, 2023, 37(24) .
4089-4098.

Guan Y, Shi DY, Wang SM, et al. Hericium coralloides amel-
iorates Alzheimer’s disease pathologies and cognitive disorders
by activating Nrf2 signaling and regulating gut microbiota[ J].
Nutrients, 2023, 15(17) :3799.

EUNER A 7R L I I AR /N2 o A AR LTS
HoHr[J]. TR R 24, 2025, 56(3) : 51-60.
RAET, BIIE, PR30, 55 2T LC-MS/MS i s 4 2
FRAT 25 A TRUR RS AR B SR AR (D], DR T, 2025,

[31]

[36]

[37]

[38]

[40]

[41]

Zhou HM, Dai YC, Bian LS, et al. Diversity, divergence
time, and biogeography of the genus Albatrellus ( Agaricomyce-
tes, Russulales) [J]. Mycology, 2025, 16(2) : 738-776.
KPR, BRI IR, S BT AL I B E OF T B
RLIT. BB, 2024, 31(3) : 100-112.

5L A EE T R R HZ I AT REDFSE [ D] 2.
ferfifll K%, 2023.

FBE, BR, HOF, SR BRI RN Al A
FIRBAR 5iEf2 (], hEP 255, 2023, 48 (19):
5142-5151.

RN, RRFE, AR, KRIRS 5 IR AE [ 75 R X 21
Y 2R SRR 3 RN [5) 5 BT TR 042 S 7 AR A R R
[J]. M5 EBEL, 2024, 50(17) : 91-96.

BEAREE, Al e 2. £ P MR A ORI S
JELJ]. HREBEAR, 2024, 45(9) ; 8-13.

RO e B A H 6] 25 K T e e MR 2 P AR S5 RUTRFSE [ D ]
KA Rl R, 2024,

Annlin BP, Janette B, Basavana G. The role of GABA recep-
tors in anesthesia and sedation; An updated review[ J]. CNS
Drugs, 2025, 39. 39-54.

Kimyeong K, Haejin Y. Gamma-aminobutyric Acid signaling in
damage response, metabolism, and disease[ J]. Jounal of Mo-
lecular Sciences, 2023, 24(5) . 4584.

BT, FETHE, W, 5. ZIEEMAAT AW ks b
N B A B AT i e [T ] . B A2, 2025, 6
(2):254-289.

Guo ZJ, Gong JQ, Luo ST, et al. Role of gamma-aminobutyric
acid in plant defense response [ J ]. Metabolites, 2023, 13
(6): 741.



