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Abstract: Bioactive peptides play important roles in promoting human health, such as lowering blood pressure, blood sugar
and blood lipid, anti-obesity, and anti-cancer. Thus, exploring functional bioactive peptides and developing efficient
production technologies are of crucial importance. Herein, we review the development of function discovery and production
technology for natural bioactive peptides. Presently, the top-down and bottom-up approaches are mainly used for the function
discovery and production of natural active peptides. The top-down approach includes the direct extraction and identification
for functional discovery, and the direct extraction, enzymatic hydrolysis and microbial fermentation for production. The
bottom-up approach includes the polypeptide modification and database mining for functional discovery, and the chemical
synthesis, enzyme synthesis, recombinant expression and cell-free synthesis for production. The top-down approach is usually
associated with complicated process, lower efficiency, higher cost, harder quality control, and uncertain functionality, while
the bottom-up approach is more suitable for the development of peptide drugs but difficult to be used for functional foods.
With the technology development of sequencing and mass spectrometry, it is easier to obtain the proteomic information of
various organisms at the molecular level. Based on the proteomic information, the top-down and bottom-up approaches can be
combined to overcome the disadvantages of using these two approaches alone, thus providing a new strategy for the rapid
development and production of natural active peptides.

Keywords: natural bioactive peptides, functional mining strategy, production technology, top-down, bottom-up
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BN RARGE W R i . 43 2 HAA R E IRe i A=)
P2k, Ferreira 25015 1965 4F M 257 3k 18
Bothrops jararaca s H1 43 25 3 T HA B I H AR
FH ) #5325 2 ik (pyroGlu-Trp-Pro-Arg-Pro-Gln-1le-
Pro-Pro), ifii Danielle®4 1T 2004 4% 1 W 4 e
FH A T B IS 55 FR I T 1SV A B RE T S8 T 5
Flo 9 2% Pk 3 9 ik . DiBiancol % BHE: 3 % ik
K 7-9 2 fY 1le-Pro-Pro 751 GESSHI il 1 45 %5 7k
Z i Ak i (Angiotensin converting enzyme, ACE)
FOTEPE, B A Bk R AR AN, e 21
LA A 445 AT 325 81 A6 IS A 2805 . Takano A
BAHL AR B st S 5145 L, R WS h 43253 746 ACE
0 34 3 P R0 AR P B I e 36 4 Y 1le-Pro-Pro Al
Val-Pro-Pro Al =ik /¥ 41, JEfgHT 1T HAE L
. mRlAE Calpis 47 lle-Pro-Pro Al
Val-Pro-Pro P Ffr = JIK % 2L & B D it R R At it 41 )
Ty, e R T Ak T
LI,
112 RAWEHZ RS

Xt H Al E AT X e 2 IR T ek, AT
AT AF R B RGP 2 K B, Ak
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oy GEIREHEAS L AR AR LA S o8/ g e I
R WAEVERT, ARl OB RLA T 11 BOE R
P E BRI TR K . (H R 22 ik 5 Bl o U5 K
LR -4 (DPP-IV) W A, 7 ILIR P Fr 2 5
(A 10 min, BFFEE AT T3 4 GLP-1 F 43 44
SRR, RAG TERIH R Z R, s
FEFR AL (Exenatide)™! . F| PG H7 ik (Lixisenatide)™™
MR DK (Semaglutid) %, Hrh & & ki



IERE SXAEUESHRORERBEMESRHAR 2169

YER AR Clagil) wlak 1 Jd, sk T AR PR
IHIT M EZEZ Y .
1.1.3  ZEREEES A\ TH B2 0K

ETOAMEYZ TS S IhRe s,
A #RiE 5 4P (Nature language processing,
NLP) FIN TR e, A UA YIher) R e iR 5
| (Y 22 RS2 T A R K e R 1) — R TG 4k 22 K32
PR . FEZ KA B ARTE S AR FAL A, 20 Ff
KIRFILRIRIFE AR 26 W SCFEE, REE—4%
P AN 7] 2 Rk 1 4 o8 1 22 R 401 e e — A B3]
OO A 95 o VR A A2 A 1 ) BB R AR i) L
Giguére ZE i FIHLES > )5k, Wit x) Joo ZE0E
ST A B B A0 TR 22 IR 25 R ) ae EE P i R 0 A AR
NLP R TIR AT, 1930 1805k A R AR
P B A B IE PR M B £ ik, Fang 261
[FIFEH T NLP B, (T H %, N
Agrawal PO i i 45 g b gk HO k8, Fe Rk
TEHAVEFEDRREMEZI, X5 a5 R 5
RN RRTETE R 2 IRAZ 48 b i g 1V 7, (R
S BB FATI AL TR0 K S B o
1.2 FEMZRIEEN T ZE

T PE 22 KT 32 258 2o A PN AR S0 52 55
FTVEA B o AT 3 48 P i A 4 14 10 48 Ak R AE 5
9 R A ks 22 R O i B P AT RE . P
Dt 26 (221530 ok A A FRAIE S B 1 T I o o £ ik
LA B0 AR A0 1M TR Zh A . 2 4k i P i B
I A5 TR e AR AR B ER IR BTG PR 2 KRB A 4
HLAAS (9 40 i S 93 FBLAAR G 3 o i o o 2 o
KBS A KE LR TTYY A A v A
GSH & Fhmr, HALBRF & A 6] AR i RCR A
[i], 400 mg TTYY/kg 445 () Ab B 55 i %508 i
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Table 1 Structure and function relationship between target protein and bioactive peptides

Chronic disease Target protein Bioactive peptides  1Cso/(umol/L) Patterns
\pplio-L1] 9.00 If the volume of the third amino acid at
Hypertension ACE1 LRLEY 3'42 C-terminal is small, it will have strong
’ hydrophobicity and high activity
|pis2] 3.00 For tripeptides, the polypeptide with
Hyperglycemia/Diabetes DPP-IV VP 20'20 proline as the second amino acid have
' higher activity®¥
35 For dipeptides or tripeptides, the
Hypeluricemia/Gout XOD VV://\D/[Q\]N[%] ! ggggg peptides containing phenylalanine and

tryptophan have higher activity®"!

14 RAFEUZRBEARTIHER
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RS AR DL BT A A 15 4 2 IR AT . AR
HA RS FR G, BAS T 0
M{EE K] 80 /43¢50, HA ZIRAEMKI, 22
NREFFA | il 2607 . DhREIE Pk LK i 71 0 4
K 2PR.
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AT B3 L 22 KA A 77 05 1 T LA o
THATmEMRE. A L NEASEYEA
JEORE A AT TN T L g Akt i A 20 k22
JRERE R, RAh EAR IR OL | Bk . Bl
Wy kWA s AR LR /N T A SRR ) Kk
R E Z K A B, R AR A K
% AL -BERE S BED TTRE R SRR T A i

#2 BUUMRAFEZKER—RE

WEE . M RREAE T L s R S PR
KRWMAE 1R,
21 BEMTHESZRESAE
2.1.1 FEHZREBERRE
HERPUL R FIR F8 . B isE
PrsUREbE, SEE AR T A B BRTE I 2 K
FLE . ity BB & 7 F R g . b4
7 NFRFE K B AR R Wi 2 IR 2 &
Preecharram 2505 F [F B 752 4 | 6 g A
S AH 2 SO AR (e e A FRAS 3] TR B 6 A 1 3
f) 6 FHHLEIK (Hpl4. Hpl5, Hpl7. Hp31l. Hp36
Ml Hp51) . H %88 BOL 43 e 3 B ke T KR
B Z MR E S, BmREKL, AL
AR . B, MR IE E RO HEZ IR
JriEIE FHIRER R, H—xE LT Tolkfk
e

Table 2 An overview of commercially available bioactive peptides

Origin Sequence Method Function Market situation
Milk VPP, IPPI*H Fermentation  Antihypertensive, ACE Listed by Calpis, a Japanese
inhibitors beverage company

Milk NIPPLTQTPVV V2, Fermentation  Improve amnesia, increase the  Listed by Calpis, a Japanese
PPFLQPE memory of the elderly beverage company

Rice SEEGYYGEQQQQPG Enzymatic Gain muscle after a workout and Developed by BASF Chemical
MTRE! hydrolysis reduce muscle damage

Pea HGPVEMPYTLLYPS  Enzymatic Protect skin and slow down skin Developed by artificial intelligence
Sk hydrolysis aging peptide technology company

Nuritas
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Fig. 1 Scheme of functional discovery and production technology for bioactive peptides.
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AT E R (Bacillus subtilis isolated enzymes) .
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YEF . DPP-IV (Z Ik ELJIKTE-4) 41l 7E FHFIH0 4R
e R . Chang®™ 48 1 5 2 Fo i - i 0 v A
=45 2 By K i #  (Oil palm kernel hydrolysate,
OPKH) Wil £ fik, il #is. A HPLC,
il %5 HPLC 5575 :4lifk OPKH, #R MA@
T - FWE 25 R B 2 R (LC-ESI-Q-TOF-
MS/MS) FlI MK I 5 A & (1 7 i 48 1 3 Mt
ALk VVGGDGDV. VPVTST #l LTTLDSE.
Lajmi 281 F g [ i % & %8 125 Mustelus
mustelus 19S5 EE FEAT KA, 45 2 HA 8 %
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T RN TGV 2 BRI 45 5 A2 7 o T B I A4
FEVFERTRE Ty, X IOk R, B MERE
Ko METHEEETHEATFH, 5IAEYEL
2RO R ECE R N A T HL B I S T
TOUI B8 6% 4 B i e RE 6T AR AR S B 1
(5 FROTHA TESHME. B, yu %0
PLURFE 405 DI Mizuhopecten yessoensis #2Hi i 114
LBk & B (Myosin) A J& g, @ i
PeptideCutter % /K fift 22 K4 EAT 1 0, 3% 0%
e T H A HAA ] ACE TSR 7 R AR
213 AR

A W T S 2 7 £ o R K A ) R
YeZ KA doR Rz —M, IR RIER B
AWyEE . UG RN, S, Bk UK (W
B.OGE), B UNE. oK, k) e
HeAh, B MEWEE | A a0yl A
HRT, Db DN FL ] i b R WA 7 A s P 2
BRI 7 5 L2 o i, AR X0 5 2
TRAERN KRR, TR A B R T T B TR )
FEAF LR Lactococcus ., LA # Lactobacillus.,
FE AL ER A Streptococcus thermophilus 6}
Saccharomyces , 4 % 2 74T & Bacillus subtilis® "™
s Daliri % U2V ) F O /N ER B Pediococcus
pentosaceus SDL1409 7£ 37 ‘C4&F Tk Ll
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48 h, REWXT ACE M LAHI M & 1Cso H K
(0.123+0.02) mg/mL. R FHBAH €3 - L s 55 % AT
] JB 3 vk X /N 22 BREEA T 4, AR T2 B A
SERRRE, TR L Y 4 Aol ACE BT M 2 ik
(EDEVSFSP . SRPFNL . RSPFNL. ENPFNL).
Moslehishad %73 F F B 2= 2L AT 1 Lactobacillus
rhamnosus PTCC1637 M 3% 47 Fh 42 3-5 kDa
JIRBEX ACE A E 1Cso M (1.45+0.02) mg/mL.
Rizzello %5 UV F| i 45 4 7L #F 1 Lactobacillus
plantarum TOAL0 J 22 1 141, J-F1 FH S AH 5 54
WAH a5 2k 4 B K R YA Y (WSE) Hhi R
F1, FFRSMINE 43 25 A5 1 32 44T 1,1- 0%
F-2- = 1 3£ 2K Bk (1,1-diphenyl-2-picrylhydrazyl ,
DPPH) Il 2,2'-I5 %0 - X -3- £, FE 7K I E I AR - 6- it iR
(2,2'-azino-di-[3-ethylbenzthiazoline sulphonate],
ABTS) H H JE 9 30 45 FH S A 2 iR 44k
MIRE T o 3 GHOK IRAH 033 - H IS 25 v 5 - o ik i
FH%E W 5 PR DS RIN B 5-9 MM SEIRER
A MLk (IVLVQEG. TLFRPEN. VGFGI,
FTLIN F1 LENSGDKKY). Takano [ BAV4751% 3 iz
WHRENS FEAK B A& 1 v I R BRI P, AR 4 8
B KR 3t 7-9 211 1le-Pro-Pro [¥: 4 B4 ACE
BE e, MG FLFFE Lactobacillus helveticus
a8 QLA B R Lactobacillus delbrueckii subsp.
K BERMRRY 1% 8] T BAG ACE IS YRR
14 PN [ R 15 % 1 1le-Pro-Pro F1 Val-Pro-Pro 7 it =
KRS . He 217 4 SROBH B RR A 25 (DSS) 1 46
BT 45 I 98 /N ERBE RS, R 4 FhE S 7L R
I Lactobacillus sp. iR A & We/NE MR ZERISELL , I
N TR ) B 2 53 vh R B0 T T A SR BT 1ot 9
PESE W 9 () T5 1k 22 IK4H 47 o

XPF Tl A = AsE R GA: ) R A 7 R
RIGEMZIER AR Z T E A ER I3, (Hig
A= ) 3 W 1 At B 1R 20 S AR W) R O 2R
AR, SRS A i FRAEXT R A A,
) T A A 5 DR R AR S 7 v T P e TR A A
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Dy AE A R B e Hos R iy H bR 2 K A
o HAiERE
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BT, mAH A BT UK (Leu-Ala-Gly-
Val), FHIEAJEHR , B IEMRN C b2 AR
B, ZJERRAE AR IE KRG X — ik
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1966 4F Kung 278 oh sz B4E i 4 e 5 24 e
LT EA A T . BAHE RS AR BATC &
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RREE NV R R, — MBIz k.

ERMAZ IR EAE G REZ G, B TIREE
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(Tyr-Gly-Gly-Phe-Met) . # H 52 @ # b 245 %
Be, WA A 2 IR 28 H I 00 2 R A Ak S g
I ) 2 5 TR e B 1 A S R ST D s PR b AR ARG
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VARG R X R AR S R A i 2K .
R 1 2 1 M 1 A S R R o R A Sy J
B, s A R B O DR E R R R T
AR R 22 KA L T
222 TEHZHRMERTERE

B B 2H AR P R BOR T TR R R YA
Wk Ji, MOk B 2 (Y B 5T T Ih R o 2 R AR
AR, VLR R EAZ i Aok A 7 HARTE 1 £
AECHL SR, iR H AR O R, MIAR 25
B YU ME N 1 B R A, DA T AR 2H Rk
HE R R AR A

ISR BIR R RG], fERGFFE S, AT
el R b 25 i e H Bs 22 KR Tl . 1) fifi
BB AR s 2) DAASTS VAL I A Bl op I 44
WRFIE L. Prak Z el FK AT ik R %
K A REL T A KO 9 TR HAEK B, FIR T Rk & 8K
HE AR IIF R 2 BAs HAEK JP41], R4
B A BT Al B AL IR AR B 1 . A IR AR AT
LR g £ 1 ol AR J e L 1 i L 23 B i
H AR AT 41

TEREZRIBERS, W HRAR T 20K
ik, Guo P MBI LIk KR E D HENBEA
2| ¥ R B B} Pichia pastoris &4 b, i@
Tricine-SDS-PAGE $ RIEW K % % D B R iL 4
W, I HAP B R AR D RFEE 22 1 B A 22
FG A T 0 LA B O OR . Meng 2514
FH Pichia pastoris i) £ ik T £ ik Mytichitin-A,
Hy=&iA3 T 45.5 pg/mL, %2 KAl LA o i
) 2 T BH A R T AS R o P 22 PGB M T Y A
K-, Zhang 2% F Pichia pastoris ik T HEEZ
LRk, FARIKF] T 748.63 pg/mL, HFEIKAEERE
FX 2 AR iR, B REA
=714 F Pichia pastoris #2ik T #ta p-BiHI £ ,
PV TRT S 50 ¢ BH 3K (R £ B- )5 8 38 ) 4 B (0 A 4
BRUA . il B 25 R TR R I I A SR g 41 ) 2% 43
514 94.34% . 86.97%71 85.92%.
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fiff PR N B A R SRR TEEZ AR, A Ak
G IR S HAR P77 2 Ak, ik
R MR e R Lk EA
FiE i, B NRIBER B SR BEE A4
sk sk oo 2 ik BEPY, B EE B
PR WA 0 22 AR 25 R B, B0y s bt
FEE o T FH TG AR B A2 i 194 10 40 it 3% 3k 1A
7. WIREME TR ki,

223 TEHZRETHMRGERE

TUE R S5 (Cell-free system) 35 F A
SEAEAR G CRE 7 0 A LR BB i I A A
REBBEAT RS . XHNRIERGAAL TS
M, ECPAE YR, B TaE, B
RERE O O A Rk R 2K, AT DR AHER
IREIETRE AR RIRTETEZ IREO, sk, R
WRABWIEZR, BRG],

o AT BK (Pyrrhocoricin) P M ok it
NI N 20 N EIEER I K, Hoh
A R O R 5 22 IR B, RIS o
LR L R IRI%Z K, T Taniguchi 20
PRI FF R A JTC A MR IR R R E T2 K
ARG R B, A B HE A B R IR IS B S 0z B[]
R A B AR R ATEYE TR, FlETE S
H AR AR IO KAR K R BT AR AR 4, 58
A SO ) A 22 PO R AR

Zi Bk, Jodn il R g R A T B A i
PEECRAS B 5 Bl o 1 H bR 2 KA 7 2 —
W ZIREBE RS .

23 BWEFUZRIZEMEFHEFEN DA

PAR SR A= W o % 58 Dokt i B R AR
W, WA ) R e A 2 IR B R ik
JE N B IR IR T Sy REPE 2 IR B R A, Xt
THEEMEREEZRELE TEXRIERN, 24
TSR Iz R o H HEBR A 7E T 2 1 il 1 R
T 1) TR R0 24 T B s A A, T R 2 K i Al
b, ThRE ZBATEAN R A2 2, Ao MR H
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A JFH, XA S H SN A E 4
REYIRI, K BRI 5 D REVE 2 IR A0t A 1 e H
AR E 1

FH—JiE, AT 2K BT 2 e R
TS BRA R E S RERY 2 K. (HCAT S S 243
Je Tl 2 K S A RETE PEZ IR A S R o T H Aip
E R ZEF I Z2 KR 2EATI SR AT R, P DA AT Lk %
FIEZ IR RWARAIR . 5350, AT HmZk
—BOE S T 2RIt &, MELLEAE M T IIREE
it MR AR

3 MNa5RE

ARG 22 BB A ) B 25 5 4 B =l %
PMEEYFRERR, HEERNERE . Hil,
EL i i HAT DhRETE T 09 Z AT 4 000 Fl A2
i, HEAR T AR AL 8 3R AT RE R 48 1
R, BUCHIA AR AR EARBR AR E A
U A R AR 7 R AR T A 2 AT AR e ¢k Bh 2
RHE AR K RA R &S, B BT &A=
Pk Z K7 T T 22 IR D e & B R D) RE B
W& R EEKAS, B Erk, skl fRE
B AHEMER. BAKR, BXTRAS%E
AR & VARl & BT £ DhRetE 2
R B A 2 AR LA SR B AN . T A R L
A I 22 KT 1 1 A A2 3 F 0 1 22 IR K%
F, AL HbR Z IR PR BT RN TR,
R 8 22 I LA A F 6 Toll RORH = 11 AR
G GIAT ZHIEH B (DMF) F1 & H
(DCM) S5 HLIE AN AL H], B IS A8 D0 B AT
SR T PRE Fe 28 7 b 28 IO Je b AR TE 85 658 5
T PR A 7 FH ) 1 e 8 IG A  R 2R [RDA FR1 A A
TR MM IRE LML B, B A S Tk
FUREZ . BHIL, A5 T SR AR 9 R & S
R R A P2 R R G TR, B
A ATl AR 7= 0 8 P 22 O™ b AR — B ]
INHRELLL A B B A Rk .
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wmE 2 pros, ATeT LK A Bl R AE R
RGBT A A LA ARk, i 2 ik
AR R AR W R e . AN R T AR EE, XS
TV 2 BT W L (R 20 F0 2 3 2 A W el R 2R
HBTIR, rTUAMAEBN R MEA SR, 3k
WRREAFI, 4G Z WP R B, F
FIBLAR 27 > 25 J7 1 000 mT BE H A 3 1 19 2 ke
g, BRSSO A, 2T
ARG bR EPE 2 B A B R R,
B 5 H AR 2 22 IR LR 8 F1 e 81 B U0 Sk e
BRI AL, BETA AR P45 2 O ik A
IO B R I W)L s E AT VIR, SEE AR s
JKH B i o o G b, WA A5 BT TE 2 IR
A I A0 A 22 IR T P B O 22 5. A
T R—H A NI ERE, ENEASIEEE
MTFa KOG BN AR 5, B S RE e bn

~
[Pmduction of specific functional bioactive peptides
J

l-%ottli)mj%lp: . Top-down:
synthesis and preparation and
Val.lddtlol'l 91 validation of
active peptides

natural peptides

(Solid phase (Proteolysis, etc.)

synthesis. etc.)

Prediction of target active polypeptide library
and search for restriction sites
(Bioinformatics, artificial Intelligence)

*

Peptide structure and function database
- . e, - A
Natural protein sequence acquisition based on omics
(Full-length transcriptomics, proteomics)

1

Characteristic biological resources
(Genome, proteome, unknown species)

A

2 IhEEMZ IR RFEEIH A

Fig. 2 Creation technology of functional peptides.
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MR AT H BRI, ETREE %R
B T A GENE 1 22 IR L 14 3 B Al Al . WS PR 0 A
BARELEHATIE R TR, 7EiE T Hinihtk
Z WY 5 Se 5 45 1F T 2R AT 3 F P 51 BRS HE D)
H, RO A T e R], R F] T PR A
Sk HbRiG k2 BRARCR .

RE HATE 24 V205 2 I RO & 1975
%, ABZ KA 5 Al B A FH BB e e 1) X AT A
TR R MELL WA, BRI T % 1k 22 KA K J o
WEE IR TEIES . aTdhiye BTk
L AR RHRE L, BT RGBS
NI Z2 JIR-FL A AL A S RO R OT IR BE S
BT ATRE . Ak, XM RS R BEST T A
FAIIBIHRR N 2 Fr s B SR 22 IR il B A
K JEAR L B S
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