Reviews and Monographs ERud=gars

?Jj

i

0) )L S i R
Progress in Biochemistry and Biophysics
' l12022,49(10):1987~2000

www.pibb.ac.cn

W FMEREFRARE

& 2 kX"
(PaAb VR H shib=2Be, 15 EMAEE I ML, P9 710072)

WE ERAEY T NS EE MR —, — 7 SRR AR Y 231 AR N B A S BT IO AR A B
FEARTIRERIRE ST, J3—T5 T, SN MER RSB E S TR . AT S SRR TSI AR 3N AR s a. 2RO
TR AE LR A A7 b, BRI T A0 T LS PR S AT R AR e R 0 . T ST AR I A AR AR B SR
VAR 1k R GE AN BRAR RS A r UL, BFFE AR 9 o1 W28 3 A B TR AR ) RTINS AL, [ f i o 2 A=
I S A T | A R GRS AR I RN B A R TR S o ST, AR SCERA X L B AR 7 R 4 SR PR AT 3

ANFRGIFERRR , eI LAY 0 BT T RGEHERA, XA AR 731 P2 S A BT [l AT TR B

K Ak, MRS, SRENE, RIS RS, ISR, RFA

hE4ES  R318.04

ARk, MG TFEYIFM ARG AW Gk
K, MMTZHHARE], R AR D Re Y 5
BT B4 (NN AR Z M0
IENEAAE e T R G2 X A E A 1R
MDA, AR R I AN B DR P N 2 | B sl
FEWIL . AT AR . AR L S5 R
R )00 T4, X Be W) 00 T M 45 B W R 58
HOAN TSR 28R 53, AR A TG 8 b R e Y
YER 2 ERGAEYAI ST, s T8
SR EA T SR N YT R N
R AR AL 7 S SE AR SRl , AR AT
FEA UM A

SR AR TSI R, WAESR
g0 BT RS, sGEARG 0 . NS
P ORI 7 FEASAS SR, B
B O RGUIE R AR . SR OB, G
T PRI B DL R AR TR BE T . AR DU,
W53 F RSB R A 55 F I 8 AR MR 1 —
NEEEE, W T AV RGBT IR
BNl NFREEREARE T, FEE L S5 E AN
T — B ME T ——E B AL, SR EAT]
ZIRIE BTG . WS B N4 3
MR, T A iR HAR M B TR fiE

DOI: 10.16476/j.pibb.2021.0327

IR M AT IRRE ) (T By EER
BB A 25835 SO RN BR) 5 i ) 2% i
B M BIFRIMIEHEOC R, 05 T8 T Y A2 (]
WA EAEIZh 122 GaR i Jelish 12705 R did ul
SR PRI, 3 A 0 2R A A Y
SRS BRI R M RPTTRE D ( T ik
B AR AL 4571 i o OB, L 4% R0 2%
ZRHIRE) o RV T ST S A ) R GRS
AL | AALPESEBLRANSE 1Y, I L B AR
Yyt R A ML | 42 sl e A= Ay AR AR HA
B AW IR PR 55

FIRT, A¥000 T AP Emtse EEAR R LT
3 F

a. W TSR ENE (RN f
Feo AW I W LS SRR AT S B o 0] 25 ) )
e AW T AR HAT SR A AL
MU Tk R Gl RIS ENE (5]
ZRGETE) ", NI, BRI T IS XU E
PELHAT Bl T8 28 FLE A 7= A= L

x AR EARBIERLS (62173271, 61873202) ¥EHHHIH .
s T IRER R

Tel: 029-88431308, E-mail: zhangsw@nwpu.edu.cn

WOk H . 2021-10-28, 3537 H M. 2022-02-14




-1988- EMUEEEYIEER

Prog. Biochem. Biophys. 2022; 49 (10

b. LW AR AN T . RRE I
W) R G R AR Y R TP RS T (AN R
FRRASECE . ISR GRS I 5 | A AR
B oCEEIN | RS S ) R BRR A AR
A E NV T30 5 R GRS e e p 2L, (RN o2
ER7/ e SSEH:IELINS

c. W T AR B B P o St
—EXIIE], —Ii T RGP RS
MIBETT s J3— 5 e AR B GE LA —Fh SR ELAELL
WIS BT AR AR e . X T — LR Y d AU
SEPRI R A, 2 ARG R I A
o TRAERA AL P, fERGREFT A
O3 F A S A PR B R 0T B IR RPIRAS
Pt i, BATEEMIRRE L.

T, ASCHISE 21 TH4L LR A1 731 M 2%
SRR SURIAT BT BE I, 3 5% DL 3 A =
BRI TAE AT RGTH LR R, DRI T Az
Yy 53 IR 48 S TR AR T T 1]

1 £ FHEEEHRBEE (SR
)

WA 1 I 268 S A 7 A 55 2 1 o L2
HHEAWE, SERENE (R r) ZitE RS
T ERR SR Z —, T8RRI E SR E T,
RGAFEMA (21 ek, BRErE (3
ZRETE) SVF RGBS EOY A SN
I HIGIN T ARG SR S e, RS R
EE0% /8777 D P SN S 1 B ol rA Y D 82
Pyt REAS AL PESE BRGS0 1 A ER 0L
TENE (EFREN) A B THa R R G HIER
P SR, AW T RS A B AERE L 5
RN AR KU AFHE LATE R GRS A 001 I 245
MRS T Nt T 0o R ANTR B, 2
RS BRE Y ERIshY) 2, ARRR R
Oy Mg R SRR BT RS (BRI
ZRRR) , I 25— 7 T R] A S S BURE E Y AR
Vit J5—Jrm, ARSI T4 T RUAH
TG, USEBIEMEZM Ry = Wi,
HIFFE I 25 R IR AR A WA B T 1124 A ) - T 45
S AR, AT A B A B AR LR T
PO 28 B Py = A AL

HEW 3 I AEAA AT 3 D S5 [ e P A5 A AT
5[] S P 2 A, I AL ] SBR[ ) A
Yreeoifie e REAIERW, JLTEra B ]

I AR AT 2 A S EC BT 2 ] SR AU
(SRR tl) P, e BRI 2 A 25 Fy () 42 2%
B, R i DR 2 ASEAA R S — 20 43 Ay B S i [ i D)
AR TR & S Rl R I A, b, B2 5 ]
% P 2 AR A e ] R SRR E PR BT S K
AR (& Sta) . WU 5 B AP Hl AR (& S2a) |
XU 15 AR (18] S3a) FIRUYY 5 7 Sz fhb A
(K S4a) ., T3 8L 1) B i 3R B4 TF
BRPERT, PRI TR GE AR A T S A5t (] % ) 28 54
AEARUHE, 5 — i X 28 ASLAACRR g 0 5 15 I e Do) 245 45
A FRSRIX S B F 15 [ % O 26 ASLAAC 4 AT R AL WU
FEPE, (R RGRRE M 7 A A A RS A i 7 A
AR, BT RAAN R AR Y2 E YR,
L AN [v) B S 1 [ (2 Do) 28 ASEAAR G A g 1 2 (], 4
X — A, ARSI RE T — B 5y 2
S, JEAEANTE RN B LT X AR A i A T
TEANHLXS HL o b (PEILER S1. KIS1~84) . 45
fe R, B E R A, TR AR T 5
EREREWIFLLEY ™, IFEBRTE# ™.
DNA &5 B 4 i A Y 45 24 A gt R R
Hh i A

2B Rt [ B A RE 5 AT TR AR B I A R )
AP, KEFFRRY], FE Rt R A E R
HB 5 B AE ] AR A SRR E PR B, A A
R RGN ZREt:. EYarF Mgzt
FEPE R ERY R, BIFE R GRS 2 ] o R s
FEAEZARRE TS, FLARVFAEY 73+ M 4% L Bk
T R RSN, I AR AR )k . —
AMIY ) R T T2 e R R R, b
21 i 5 1 70 5 40 B 2 ) P A el A Y S
T[] 78 o e B A A g A i L AT SRR BE T, i
TR T RN EAS 5 18] 7 T 1) L f R ()
e A R AT R, N RiF e Bn
TR ERE AR K B BFE R, 1%k ] i )
— AR S ] AR RN A, %A B A
SE PR F- (transcription factor, TF)-miRNA 1F J {5
AHE AR A AL, A R A B2 A R 2 UL SOk [35-
36 MR GEAER SRR AN T R =R Tk
Hor, bRz (B) XN 22 157K F 1) miRNA
(miR-34 F1miR-200) FMLKIEKF-) TFs (SNAIL
M ZEB), 1Al 78l ER (M) X} = 7K -F ) TFs
FIZKF B miRNA . AN, REBFFE—DNRE
- TR RA (B/M), X T R R AR B Y
miRNA FI TFs, /57 7 B B3 U 3> 40 i 286 B A



2022; 49 (100

=5, & EUHSTRNEEEHRGR -1989-

ERERRE, MBS AR EIART R 7

IR K B ) SR Y 2 R AR 22 B B L
THER B Z U #E 471 . SR, BREL i 2E )
51 Z G IO TG 21 32 B AN [) > 5 AT 75 1) 52
Wi, 52000 R P e Bl | AL A MR PR e | A4k S
BE ML S | RS 0 YRR M e B8 4 HL I S 5
W IFARRON R Y FEATLIR 7 X6 I 48 A 1A LR
FE PR FEER AN R 35

a. FEATLME (A5 URR R 14 X 8 AR (1) i 2 i o AN
- RESEARIREME—E . AEYSLEnRN,
P AL~ T DR 285 P A4 R it oA [+ it B2 7 &S 8 il
i, AR DA AR5 A TE PR AN [R]
PR [ HEAT HEFE 1, R — %, Tian
A IR SR RO FR AR AR E AR A R ] A
TAPABEALAS 5, $&H T — 138 F A0 A LA A H
T 5% Bl AL X R 53— T 0 il A A e 2% g 17 (1) 52
M, I BEAU B G A e T SUE RN 3 A 4
734k, Schultz 4§ 2 Rl Ak 2% 3 7 P4 A8 1F S A5t ol
BRI BEHLEN AT, BUERAUSE RV R G828
MRS BAT 5 550 45 AR SR

b. BEAILYE AR TR T X 2 B A iy BB IR 21 1Y)
FROEREEH ', SAMFERI, W S B
BEARTT DL PR DAL B R GeRA 2 20 i,
Ma 55 B0 Sl SR R I, RG] RUE fEE T H
FE PR AR 7R 1 A 3 AP R BT (AR
i SR TR E P D), BRI RGE RN =
P WG AR R EAE T /N A A RN R R
S RN 175 w1015 )1 SN B /NG o I 1 == 15°0 [V
BRI, TR 53 A & B H AR A ) 2, 7 A
VLAY 5 — TR P, Fang 45 52 38 o 2B Wy 52 06 &
I, 7 Ma %5 Kk = AR RSP RT3 A
BRFILAAAESS 4 FfesE R RAs (WIEH B &R
k), X—IG ] R R f BE R Rk 1 BEHL I 35 |
o A, W tERIRIE TS I, RS (AR
REOKTF ) RGN F e B 550 (R
S1) 31, SRy, Lipshtat 55 ' &P, TEREHLIGE
ST, B TG [RS8 Ao Bl EAA (&
S5a) YRS N B A =FoE v MHEE TS E
R W EIEIEAR (KIS5b) B R Gefa A b
R A FEEYE . Biancalani 45 Y pOF5EiE— 45
L HEE TC U RS0 XL A AR AR A AR
%, RHEATRESEZ LAt Gk,

c. BEMLE (T RURS S M 2 G 2 90 i 20 25 i vy B0
S0 HAY T SRR E PR i . B

FE Tk 45 455 A 38 w0 B AT B 2 G R X L (R
S1~S4) . 1, LW —TAEY LR Ba, R
57 [0 6% 2 9 1)ty DX 3 5 512 56 i ) 184 A T 32 ¥ 4
JN B ONTERRS PR —IL4:, Pajaro %5 7 A
FH B RS I IE SRR BN ST . 4
BRI, M BRI, RERMBPES
ARG, B 2R G sl iy DX b 2 ik B 335 2 4
AN, IHAERRIRRASEIE R

MR SRR LI, SRaENE (£
EME) ARG HA W N R

a. RGN R P A RIS . MR
TR R AT R I ST T RO T BOR Ge  WURR E 1
HEEN

b. RGEA B A BAE G R 0 HA SRRk
PEREME o QNSRS Hh PR A5 R4 S B, DU
— 2% B ELAT AR LR MR R LA R G A U
EMES

c. M TAHEAERIME (AR ZEHEE) 1
BEINRTY R ARG RGEE XS, B, 7E% EREHLIE
ME YR, A EPEIREE R R G EAGR
SEVER LA

Y24 M1k, ATTE NS 55T R AR (i
FEPEFNBENLE B J1 Rt T 3 IR Z M PR .
Gb, XS R 2 AR A T8 X 1 Ak T T
{14 P 8 BRI AR A, PRI R P X 8 A A ) A 2
i FRUEAT AR AT A — 2 FE R LA B R AT R A AL
B, CROFSEIE AL S AN R AP

a. MRS 5 R — AW R0 A W o S
CLIESE A B DG R A R A - 4 (n
FEREEE L), IR M T S i Ak, RS
T AR A THE A 5

b. MR 5> (A BAE P A AR, (IS Y
MIECEAESR (. W i . et O 3 05 7
) WY T SRR AL R Bl Asm

c. B E R SR, RIS BUE W] LIk B SCk
B e R S SRR A T LA A

d. WA () hASA T I I A e A i 7
HE R R GRS Bt BT T N U

SF, AMTCZxiiEmaniaitsE . 4ot
GG 2 Y BT T R EMFE (1),
. Aguda 55 8 R B RG24 L Y
E2F/miR-17-92 # e i A 7 HE AR L 48 7% S0 A 4
PLEE s Xiong 55 ' I HEAT i [ SR A4 0T T
RRE 20 it MAPK H1 Cde2 4H 8 1F S B 3R E AT i



<1990

EMUFESEYIRHR

Prog. Biochem. Biophys. 2022; 49 (10

UKL, fa7n 1 4o P 7 b 64 4 il iz P g

PLEE,

Table 1 Case studies of biomolecular network motifs with bi—stability (or multi—stability )
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Table 2 The applications of potential function in biology
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Fig.1 The phenomenon of “critical slowing down” during the system approaches to tipping point is attributed to the
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Table 3 The comparison of the indicators which used in predicting the tipping points of biological system’s state transition
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Advances in Biomolecular Network Resilience”

LI Yan, ZHANG Shao-Wu™

(Key Laboratory of Information Fusion Technology of Ministry of Education, School of Automation,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract Resilience, which is defined as the ability of a system to adjust its activity for retaining the basic
functionality when errors, failures and environmental changes occur, is an essential and fundamental property for
biomolecular networks. The studies of biomolecular network resilience attempt to answer the following 3
questions. (1) What is the potential mechanism of the resilience of biomolecular networks? (2) How the state of
biomolecular network migrates from one stable steady state to another under the effect of resilience? (3) How to
predict the tipping points of state transitions to prevent the system from evolving into undesirable states (such as
disease states)? In view of the importance of resilience for biomolecular networks and its clinical application
value, we systematically review the research progress focusing on 3 questions above in the past 20 years. As one
of the important steady-state characteristics of resilience systems, bi-stability (or multi-stability) can help us to
uncover the underlying mechanism of the resilience. Biomolecular networks consist of numerous repeated
network motifs, and the steady-state response of almost all network motifs which contain feedback loops (e. g.
positive autoregulation motif, mutual inhibition motif) is bi-stability (or multi-stability). Based on our numeric
simulation, the network motifs with feedback loops have different steady-state response characteristics although
they all bi-stability (or multi-stability), which result in the different biological functions they can describe. Many
studies also indicated that stochastic noise from internal or external could affect the number of stable-steady states
and hysteresis of the network motifs with bi-stability (or multi-stability). Furthermore, the bi-stable network
motifs have been used to model many biological processes, such as cell cycle and embryonic development, to
reveal their mechanism. The network motifs are too simple to model complex biological processes, which
generally involved in interactions between lots of biomolecules. Potential function, as a powerful tool in the field
of dynamical system, is widely used to uncover the state transition properties of high-dimensional biomolecular
networks. Many methods have been proposed to reconstruct the potential function of equilibrium systems and non-
equilibrium systems based on network dynamics. Using these methods, a vast number of studies revealed the state
transition mechanism of various biological processes, such as cell differentiation, cancer initiation, efc. The state
of biomolecular network generally migrates from one stable steady state to another abruptly and drastically under
the effect of resilience. However, detecting tipping points of state transitions in system level is impossible based
on network dynamic, due to the complexity and nonlinearity of biomolecular networks. To fill this gap, many
indicators have been proposed to predict the upcoming tipping points from biological data under network
perspective, such as dynamic network biomarker (DNB). And these indicators were also used to detect the critical
transitions in the development of various diseases (e. g., diabetes, influenza, cancer). So far, the study of
biomolecular network resilience has been helped us to understand the mechanism of state transitions in many
biological processes. However, there are still some important issues that have not been resolved. (1) Studying the
resilience of large-scale biomolecular networks which consist of thousands of biomolecules; (2) reconstructing
potential function of large-scale biomolecular networks based on biological data; (3) control biomolecular
network resilience.

Key words resilience, biomolecular networks, multi-stability, non-equilibrium dynamical systems, state
transitions, tipping points
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