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Fig.1 Preparation process of soybean peptides
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fd FH B9 €435 45 &y TSK-GEL G2000SWXL (300 mm x
7.8 mm x5 pm) Tl 25 BY K o v B oM 1 mg/mL,
Jr A T D o T bR R R O
1 mg/mL, FEFERT, £ 5 FFR 28 2 0,22 pm
BRI E, YRR N 20 pL, WA V(K V(2
E): V(=F M) = 80:20: 0.1, il & A
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W 35 FAR S T Ve T, SR ZE — Rl A
KGR h R T 120 °C, BFE] 30 min, R HE1E
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ZEMHIK 1. 65 L, A EM 31. 62 ¢ A 4505 63.24 ¢
FEtE 32,19 g Biifig 10. 6 g, I AWK FETFHE W,
ANEKH 77.7 ¢, F575 15 ~ 20 min, FRIE 15 min (Ff
13 min B0 A L LR B 2 g, oK S AL S
0.726 g) , 750 A], I HGE i B W E AR AT
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b BEEESE 6.5 mL, 75 AMT R B 30 min;
HEARGFRH T, BB 25 mL, 7258 MT T R4
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Fig.2  Drosophila sleep monitoring chart in animal
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), U FCEA A S e 0 KA B TR e

4%, A% R R Y Sk R Sl A PR AR
RRESEIA 20 H AT O 7R SR Y Sk
P RS B TR T AR AR
1.3.6 R #83k3F RNA 2B A= RT-qPCR &
VAU P R e SRR R 30 L R VR LT
JE A TRIzol 3271 224 fif A it T AR A 12 7] 8 1 I 15
FEIUR i Sk 8B RNA, % RNA #E i 1 pg JH M-
MLV 355 s i 10 ) &5 S 5% s A eDNA | i3 — 25 i
SYBR Green Mix i il £ #F 17 9 )% % &t PCR, ffi FH
RT-qPCR 1K I H 9 3 A mRNA ik K, RT-
qPCR S 2 ¥ 4: 95 °C F AR 10 min (1 41
), 795 C T 105,60 °CF 1 min 514 F 4740 4
PR W Co(E AR 5 R 27 — AAC 5347
BT [ GAPDH EEER NS, £ 1K
oaUE G TR/ = S A
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Tab.1 Drosophila gene primer sequences

CIE/EA N
per L5
per FUESIH)

319751
5'-ACACCATCGCGTCTTTCAGG-3’

5'-ATTCGCGTGTTCCGGCTCTG-3'

tim G 5'-CAACACTACCAACCCAACGTCC-3’
tim TG 1Y) 5'-GAGCGTGTGCCGAGGTGG-3'
clk B 5'-ACGAGAGCGACGACAAGGATG-3'
clk FHFT 1) 5'-GGCTATCGTGGACTTCAGGACC-3’
cye LiET1Y) 5'-GCGAAAGCTGGACAAACTGACT-3'
cye TS 1Y) 5'-CCGTTGAATGGATGTAAGCTGC-3’
gad 107519 5'-ATGTCGCTGAATCCCAACGG-3’

gad TUHEE|Y) 5'-TCAGCAGGAACTCCCGTGTC-3’

tph LUE5 1Y) 5"-CTTCGGCGATATGGTGTGGT-3"

ph FHF5 1Y) 5"-TTGAATCCTGGATGGTCGGC-3
adh 514 5'-GAACCTGAACCACGTCTCGT-3’

gdh TS

hde L3519

hde FI#5149
gapdh L5149
gapdh TS |9

5'-TCCAGGGACTCTTGAACGGA-3’
5'-AACTCCATGCCTTCCCTAC-3'
5'-CCCAGCCAGTTCATCACTA-3’
5"-GGTCCTTCGGGCAAACTG-3’

5'-CCTTAGCCTTGATCTCATCGTA-3’

1.3.7 R#K3R5-HT 690 =&

TG v B A SR Sk B R A A, B 30
A 0.5 mL A FRER /K, 213 ,3 000 r/min 5.0
10 min , X F-3% , ffi ] 5-HT ELISA X7 &, 541 3 4
AT FERFARMY 450 nm AP R I
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JRA LR 3 K, AR E R A £ bR
2. ffi A SPSS 16 A3 ok B 1] J5 22 53 B i A7 4K
Wo Git=orbrt AR P <0.05 AR E2ER P <
0.01 NHEES, P<0.001 WHBEES.

2 FHRE5HMH

2.1 SBPHWIHNFENT
A0 o VR o 5 2 3 v I E SBP Y 4 A A
W 2, WELR > T4 186 ~ 1 000 Da HY L5 Ky
84.58% V-1 TH 2K 722.37 Da, %) 2 ~5 4>
QIR
F£2  KEMKEIS T Bl MG

Tab.2 Molecular weight distribution of soybean peptides

SR /Da BAER/ % WHl/%  SERSYT B/ Da
>3 000 0.52
1500 ~3 000 1.19 14.93
1000 ~ 1 500 13.22 722.37
500 ~1 000 61.23
84.58
186 ~500 23.25
<186 0.59 0.58

2.2 SBP XI5 #EREAR < B9 22 I
PITEA US I SBP 1) 55 7% JE M2 ) SR i Sl 25 5

600 S E

E= SBP 2 mg/mL
SBP 4 mg/mL
SBP 8 mg/mlL

400

200

1 R HEFK)/min

i
0 L = fy = [l =[]0 E
FIRK HF2R HEIK HAK HS
T )
1500
£
£ 1000
=
s
R
4 500

N Eas AP SBP(2 4 .8 mg/mL) , WF5T
Xof I R B WG S A S ), LT 3 P ED 3a W]
A, 525 ZHATEE, SBP Y 3 A5 4 H BE AT 4 SR g
1 R P R I o L 751 1) T o T T A S v
JEARH I | 0T v R 2 AR A e, {H 3 A4 5
XA AR EEES . BIE 3b s,
Has A, 55 2 K, SBP K P =
B RE (P <0.05) $m BRAR AT, Hhofl i | il
RERC W3 (P <0. 01) J BRI . 7E55 1 K 563
Kl EEE (P <0.05) & mHEARA K, HE 3c
AT, S 4 K R HIR Y 3 B b, 55 AL AR B, SBP
FRABE R T PP R 4 S 3 (P < 0. 05) FiE K L i g e
IRAFK, BRI A B E (P <0.01) ZEK T S
BRI 55 3 Rl d 3 (P <0.05) KT
SR Y BEAR I

TEVRAN SBP Z G UG 3 K, 4 2 Rk R i i
ERESE K BRI I | B I ] A K B T4 4 K
555 K SBP ASF-ZE 4 S 14 B AR K 3 T B S
T SBP FEIR IS T 2 478 I, A SCHk 4 ik
Y SRR T B 1 R R R 5 Bl R
K, 7E 20 H 44NN SBP, BRI SE K | FefE
R 48 ~60 h, &4 8 mg/mlL,
2.3 SBP WRBEMMHEEMEFRET

TR R BRI 4 A% 08P SE A (per (tim L clk cyc)

800 O =a4
E= SBP 2 mg/mL
B4 SBP 4 mg/mL
-5 600 SBP 8 mg/mL
e
= 400
B
&

= 200

T
WD A]

O =a4

; SBP 4 mg/ml,
, EZH SBP 8 mg/mL

DB TR]
S AaE,  RRBERES P<0.05, " FREBERES P<0.01,
B3 RS OX SR R T 4 4 521
Fig.3 Effect of soybean peptides on sleep duration of Drosophila
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Yz A — 2, WK 4™ B 4 BoR, E JE DNA
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TRAR TR MO CETE R R T IR KR SR AL, 217
LRI, 35 B T Bl 5, PER/TIM 2K (1 R4k,
iR Es It ANz il i CK2 \SGG  PP2A |
PP1,iHF5IE A PER Fl TIM fUBERR 1L IF 5 DBT 454
Il DNA 454 CLK/CYC, 3 S5#EFR IS 8 7 i) E-
box FFHN &5 4, 0 G per/tim FER A 8% 5% Hihl
CLK/CYC % s Wi (11 2K) Ml PER/TIM (K
W), 58 RS B B B IR/ i L ) TR A 3R

Bl 4 cye/clk FN per/tim BT S i [l s ]
Fig.4 Feedback loop of cyc/clk and per/tim

SBP X S e e IR 9] 445 A= 49 5 R %) 52 o DL &1 5
SBP %) 3 A5 2 45 0.3 A per tim clk .cyc FEH
(FRIRIKF- . SBP Ay H I 2 X R 1) 4 A% O Bh
FEHN AR E FIH(P <0.01) EFH2H DX im
HEEE LW (P <0.01) , X% per clk  cye X 3 >3
PR 35 R AR T A AL, SRR R AR L R (1) 52
i 0 R tim e PR R A5CR e A1) A e 7
SBP H# B # Fi (P < 0.01) , Ju HJ2 &7l SBP
W LT um 3K (P <0.001), X SBP
FRIEEE AT BB X S0 Y i 35 DR T B AR, DA 1T A2
i PER/TIM £ 1 RAKMTE 1%, DAAE K BEAR A K
2.4 SBPXRIBIEERFAEZEHXHWEZRRERER

SBP Xof S i Al IR 1842 A G i 28388 15 B AT A
S ILIE 6, A% TF25 4L, SBP 14 = Al i 21 %) gdh
Hl hde W9FEH FRIB K3 3 EiH (P <0.05) , %t
gad BJEERRIBIKP 8 E B (P <0.01) % tph
) FE DR 2k KA 3% IR (P <0.001)

Y=
E3 SBP 2 mg/mL
15 . SBP 4 mg/mL
E=8 SBP 8 mg/mL

% e
o o
* I *

=
2=
—
=3
|

er

cyc

#H

Sz I, " FORBHE LS P<0.05, " FRBBEESR P <
0.01, ™ /R WEERF P <0.001,
5 RS BT SR i e R 78 2 A ) R TR 174 2
Fig.5 Effect of soybean peptides on sleep-regulating

biological genes of Drosophila

O =[4

E3 SBP 2 mg/mL
SBP 4 mg/ml.
E= SBP 8 mg/mL

x *

Sz (AL, FOR BEES P<0.05, " FRBBEESR P <
0.01, ™ /R W27 P <0.001,
6 RS AT SR i I A 8 2 A DG 28328
B I PR 14 B
Fig. 6  Effect of soybean peptides on sleep regulation-related

neurotransmitter synthesis genes of Drosophila

R TR X SR i it 5 X JH 5 ) R T AL [
7,SBP iy R X gad F1 gdh Y958 FH (P <
0.05) ,iph B BFE (P <0.01) FiH, WX} hde 50
TegiteFE L, SBP MR 41 HXF iph FER 1A
WEBE(P<0.01), HAb 3 MNEHERILE S, 44
&l 3b, 55 2 KW - SBP ARG 40 2 ik 3 e g 2R
R AE 1Y, PRI, SBP Xof SR e e R, 8 K 2 5 |-
P tph FERIPFRIRSER A, L, R T 3 — 2P 50k,
DL T aph 875 FH G A0 A 2208 T L B2 G RO 5 i
A& 7 TN, AREE 25 I 4H, SBP 57 e 4 ) SR A
5-HT & B EMETHE (P <0.05) , i) & A )
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Fig.7 Effect of soybean peptides on content of

serotonin in Drosophila brain

LN R O B A A T . SBP ZEXT /)N B AR
FER LI R T R O Wt R T
ANRARE R R S R S EUNRIEAR ZE K X 5 SBP
X SR T IR B < 52 M — 50, M SCHRAR B, T SR
T A B T e R R R O R R A AR
ey, SBP i i b RS MG Py 5-HT B FR i TPH
Feik  PEMTHE ) 5-HT & ok e v SRR R AR

3 &5 it

FEFF A AF S R A 52 50 v BIFSE & 3 SBP 1Y
3 AN (2 4 .8 mg/mL) X H R AR A< b 8 e fd:
(RIRHE 5 2 H G BN SBP J5 i 48 ~60 h
ZIEH,]%{%%U% 8 mg/mlL, WA PR (Per\
tim clk cyc) BIINAE , 45 2w B 5 58 A2 tim FEIA
I, SBP fie i SR g AR 2 B T eim SERN R IR
PER/TIM 5 FH =R R 55 it >R A1 1A R e 73 W e IR 11
SBP Xt S m i y- 2 5 TR | FOR R RS 2
TR Y gad | tph . gdh  hde B2 35 7K 19 5% Wil
ORI S 2 B T aph SRR i S
DE T 5-HT & &t IF58 2 B, SBP $2 5 1 A i
P 5-HT (958, P SBP 2@ it [ rim JEPH 42
% SR B PER/TIM R 11 2R 44, #F 17 9% TPH
(B G0 5-HT By 5 ok ISR e Y BRI, 5
2245 SBP i AL A1 IR AR 52 i AL S 28 47 5 R B F
5%, >N SBP Xof R HIR 114 5 1 £ (4 B 22 (1) BL 22 AR

SE 3k :

[1] XIL, PEDRO F, REINDER H, et al. Actigraphy-based

sleep/wake detection for insomniacs[ C] // IEEE Interna-

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

tional Conference on Wearable & Implantable Body Sensor
Networks. Eindhoven, the Netherlands: IEEE, 2017.
MINER B, KRYGER M H. Sleep in the aging population
[J]. Sleep Medicine Clinical, 2017, 12(1): 31 —38.
MILAN A M, CAMERON-SMITH D. Digestion and post-
prandial metabolism in the elderly [ J]. Advances in
Food and Nutrition Research, 2015, 76. 79 —124.
GREENBERG R E, HOLT P R. Influence of aging upon
pancreatic digestive enzymes [ J]. Digestive Diseases and
Sciences, 1986, 31(9): 970 -977.
COMAI S, OCHOA-SANCHEZ R, DOMINGUEZ-LOPEZ
S, et al. Melancholic-like behaviors and circadian neuro-
biological abnormalities in melatonin MT1 receptor knock-
out mice [ J]. International Journal of Neuropsychophar-
macology, 2015, 18(3). 1 -10.
ANDERSON G, JACOB A, BELLIVIER F, et al. Bipo-
lar disorder: the role of the kynurenine and melatonergic
pathways [ J]. Current Pharmaceutical Design, 2016, 22
(8):987 -1012.
KALUZNA-CZAPLINSKA J, GATAREK P, CHIRUM-
BOLO S, et al. How important is tryptophan in human
health? [ J]. Critical Reviews in Food Science and Nutri-
tion, 2019, 59(1): 72 -88.
CHUANG HY , HWANG J J , FANG C K. Psycho-on-
cologic effects of serotonin and melatonin; their functional
role in plants, food, phytomedicine, and human health
[M]// GOKARE A R, AKULA R. Serotonin and Me-
latonin, Florida; CRC Press, 2016 47 —56.
VALENTINO R J, VOLKOW N D. Drugs, sleep, and
the addicted brain [ J ].
2020, 45(1): 3 -5.
sietd, 2o, B, 4F REEA S REMEIK
X R B AR N AR K B 3 S T 1 B i 1 A
HILI]. EfRl, 2018, 39(17) ; 145 - 151.
ZHANG J, LI W H, ZHAO B Y, et al. Immune modu-

lation of soybean protein and soybean oligopeptides on

Neuropsychopharmacology ,

epidermal trauma infection in aged mice with negative
nitrogen balance [ J]. Food Science, 2018, 39 (17) .
145 - 151.

SR, Raeh. KOOI (1], K2
FHZ, 2013(2) ; 37 -39.

LU Y X, LIANG J Z. The research development of soy-
bean oligopeptide [ J]. Soybean Science and Technolo-
gy, 2013(2) . 37 -39.

TSCG, KA, PSR, RS IR BE 25
FEEE [J]. WA 5B R, 2019, 14(2):
149 - 152.

MA W L, QIN T J, SUN Y H. The classification and

advances of bioactive peptides [ J]. China Injury Repair



$38 4% 4

Ty Pl A5 0 RO SR e e B F) 2 1) 69

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

and Wound Healing, 2019, 14(2); 149 - 152.

ZHAO F, YU Y, LIU W, et al. Small molecular weight
soybean protein-derived peptides nutriment attenuates rat
burn injury-induced muscle atrophy by modulation of
ubiquitin-proteasome system and autophagy signaling
pathway [ J]. Journal of Agricultural and Food Chemis-
try, 2018, 66(11) ; 2724 —2734.

BRI, 2Rt SRR, R IRARLAR I . SR 5t A4 BT
FERIPE [J]. AR, 1999(3) : 10 -12.

JIA'S B, LI S X, GUO S J. Morgan chronicle studies
on fruit bat genetic [ J]. Journal of Biology, 1999 (3) .
10 - 12.

LY S, PACK A I, NAIDOO N. The neurobiological ba-
sis of sleep: insights from Drosophila [ J]. Neuroscience
and Biobehavioral Reviews, 2018, 87 67 —86.

KOH K, EVANS J M, HENDRICKS J C, et al. A Dro-
sophila model for age-associated changes in sleep: wake
cycles [ J]. Proceedings of the National Academy of Sci-
ences of the United States of America, 2006, 103(37) .
13843 - 13847.

ALLADA R, CHUNG B Y. Circadian organization of
behavior and physiology in Drosophila [ J]. Annual Re-
view of Physiology, 2010, 72(1) : 605 - 624.

KING A N, SEHGAL A. Molecular and circuit mecha-
nisms mediating circadian clock output in the Drosophila
brain [ J]. European Journal of Neuroscience, 2020, 51
(1).268 -281.

QIAN Y, CAO Y, DENG B, et al. Sleep homeostasis
regulated by SHT2b receptor in a small subset of neurons
in the dorsal fan-shaped body of drosophila [ J]. eLife,
2017(6) : €26519.

SITARAMAN D, ASO Y, JIN X, et al. Propagation of
homeostatic sleep signals by segregated synaptic micro-
circuits of the Drosophila mushroom body [J]. Current
Biology, 2015, 25(22) . 2915 -2927.

CHAKRAVARTI L, MOSCATO E H, KAYSER M S.
Unraveling the neurobiology of sleep and sleep disorders
using Drosophila [ J]. Current Topics in Developmental
Biology, 2016,6(2) ;221 —253.

BECKWITH E J, FRENCH A S. Sleep in Drosophila
and its context [ J]. Frontiers in Physiology, 2019, 10
1-19.

Xber, XIEE, FEA, . RACRT A SR
BRI IR ) B S0OC R S I ROC R/ TS [1]. KFH
BEZH R4, 2016, 32(5) : 905 —907.

LIU X Y, LIUM Y, BIAN H S, et al. Dose-effect and
time-effect of jujuboside A in drosophila sleep [ J]. Jour-
nal of Changchun University of Chinese Medicine,

2016, 32(5) : 905 —907.

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Wi—i% ) fhEAE ) B, BEBMEAERSERA
HERRTSHERE [J]. TAERFSE, 2007 (1) 120 —124.
JIY B, PIAO J H, YANG X G. Advances on the level
of reference nutrient intake of protein and amino acid
[J]. Journal of Hygiene Research, 2007 (1) 120 -
124.

TR, FET R RS A W B TR I P A
YER RAE RIS BESE [ D], ME/RUEES. BT A R
2R, 2011.

BIAN H S. Drosophila melanogaster as a model organism
for studying the effect and mechanism of schizandrin on
improvince sleeping [ D]. Harbin: Heilongjiang Univer-
sity of Chinese Medicine, 2011.

LIVAK K J, SCHMITTGEN T D. Analysis of relative
gene expression data using real-time quantitative PCR
and the 2 (T) (-delta delta C) method [ J]. Methods,
2001, 25(4) ; 402 -408.

M, SRS, SRR, AF. OGN L S R
SPor R BRI BT [1]. ZEHEE:, 2019, 43
(5): 357 -363.

LI Z H, ZHANG Z Y, ZHANG H Y, et al. Effects of
light and radiofrequency electromagnetic fields on sleep
of Drosophila melanogaster [ J]. Military Medical Sci-
ences, 2019, 43(5) . 357 -363.

ERJAEE 7, SHEKARFOROUSH S S, HOSSEINZA-
DEH S. Identification of endophytic bacteria in medici-
nal plants and their antifungal activities against food
spoilage fungi [ J]. Journal of Food Science and Tech-
nology-Mysore, 2019, 56(12) ; 5262 -5270.

ALLADA R, CHUNG B Y. Circadian organization of
behavior and physiology in Drosophila [J]. Annual Re-
view of Physiology, 2010, 72(1) : 605 - 624.

YI G, SAFDAR B, ZHANG Y, et al. A study of the
mechanism of small-molecule soybean-protein-derived
peptide supplement to promote sleep in a mouse model
[J]. RSC Advances, 2020, 10(19) . 11264 —-11273.
B, KRR, IREA, SF. DU B AR R S R
IRZH U PRI R TS (], h B BE B 2 e
&, 2015, 34(6); 20 -22.

CAO R, ZHANG Z G, XU F J, et al. Advance in the
regulation on Si Ni San on brain tissue protein expressing
of Drosophila with sleep deprivation[ J]. Journal of Tra-
ditional Chinese Veterinary Medicine, 2015, 34 (6) .
20 -22.

LIU C, MENG Z, WIGGIN T D, et al. A serotonin-
modulated circuit controls sleep architecture to regulate
cognitive function independent of total sleep in Drosophila

[J]. Current Biology, 2019, 29(21) : 3635 -3646.
(F#% 718 W)



78 BB ROR AR 2020 427 A

Recombination Expression and Enzymatic Characteristics of
Mono- and Diacylglycerol Lipase PrLip

LIU Xiaohui, LAN Dongming, WANG Yonghua®
(School of Food Science and Engineering , South China University of Technology,
Guangzhou 510641, China)

Abstract: Mono- and diacylglycerol lipase is broadly applied due to its unique substrate specificity. In
this study, a putative mono- and diacylglycerol lipase gene prlip was identified from the genome of a food
safety strain Penicillium roqueforti. The lipase PrLip was obtained by artificial synthesis strategy and
constitutively expressed in Pichia pastoris X33. The lipolytic activity in the broth supernatant reached
22.26 U/mL after fermentation for 60 h at 30 °C. The lipase PrLip was purified by anion exchange
chromatography with the purity greater than 90% . The optimal reaction temperature and pH of PrLip were
45 °C and 7.0, respectively, and its thermostable half-life at 40 C was about 6 h. The lipase PrLip was
characterized as a mono- and diacylglycerol lipase through hydrolysis and esterification. PrLip had a good
tolerance against temperature and resistance to most surfactants, which is promising for potential

application in industrial scale.

Keywords: mono- and diacylglycerol lipase; Penicillium roqueforii; constitutive expression; Pichia

pastoris ; enzymatic characteristic; temperature tolerance

TS - SRR AE)

(E#% 69 )

Effects of Soybean Peptide on Sleep in Drosophila

YI Guofu', ZHANG Jian', LI He', LIU Xingi""*, YIN Liduan’

(1. Bejjing Engineering and Technology Research Center of Food Additives/ Beijing Advanced
Innovation Center for Food Nuirition and Human Health/School of Food and Health ,
Beijing Technology and Business University , Bejjing 100048 , China
2. Yantai New Era Health Indusiry Co Lid, Yantai 264006, China)

Abstract: To study the effect of soybean peptides (SBP) on sleep in Drosophila, SBP was prepared by
proteolytic separation of soybean. 20 days-old male Drosophilas melangogaster were selected and divided
into 4 groups. The basic medium was used as a blank control group, and three experimental groups were
cultured using basic medium containing 2, 4 and 8 mg/mL SBP, respectively. The sleep duration was
detected by the VideoTrack animal behavior analysis system, and the effects of SBP on circadian clock
genes (per, tim, clk, cyc) of Drosophila brain, sleep related genes of rate-limiting enzymes of
neurotransmitter synthetase (gad, tph, gdh, hdc), and serotonin (5-HT) were analyzed. The results
showed that SBP had the best effect on prolongation of sleep in a dose dependent manner on the second
day of sleep monitoring. By stripping the head, the circadian clock genes (per, tim, clk, cyc) and
neurotransmitter synthetase genes ( gad, tph, gdh, hdc) were analyzed. It was found that SBP
administration prolonged the sleep duration of Drosophila melanogaster by up-regulating the levels of tim

and tph and increasing the secretion of 5-HT in the brain.

Keywords: soybean peptide; Drosophila; circadian clock gene; neurotransmitter synthetase gene;

serotonin
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