%03

Chemical proteomics techniques and their perspective enabling roles in quantitative engineering biology
FE, HERK, 900, #AR and Zh

Citation: B4R 66, 356 (2021); doi: 10.1360/TB-2020-0457

View online: https://engine.scichina.com/doi/10.1360/TB-2020-0457

View Table of Contents: https://engine.scichina.com/publisher/scp/journal/CSB/66/3

Published by the _(FERIZ) ZaEit

Articles you may be interested in

Chinese Science Bulletin 66, 261 (2021);

Quantitative engineering biology in the tumormicroenvironment
Chinese Science Bulletin 66, 319 (2021);

Application of quantitative and engineering biology in mRNA gene therapy
Chinese Science Bulletin 66, 329 (2021);

Engineering graphene for high-performance supercapacitors: Enabling role of colloidal chemistry
Journal of Energy Chemistry 27, 1 (2018);

Rapid development of proteomics in China: from the perspective of the Human Liver Proteome Project and technology development
SCIENCE CHINA Life Sciences 57, 1162 (2014);



https://engine.scichina.com/publisher/scp/journal/CSB
https://engine.scichina.com/publisher/scp/journal/CSB
https://engine.scichina.com/doi/10.1360/TB-2020-0457
https://engine.scichina.com/publisher/scp/journal/CSB/66/3
https://engine.scichina.com/publisher/scp
https://engine.scichina.com/doi/10.1360/TB-2020-1165
https://engine.scichina.com/doi/10.1360/TB-2020-0489
https://engine.scichina.com/doi/10.1360/TB-2020-0476
https://engine.scichina.com/doi/10.1016/j.jechem.2017.11.027
https://engine.scichina.com/doi/10.1007/s11427-014-4714-2

SCIENCE CHINAPRESS
CrossMark

& click for updates

€ LR YA AR AR A SRR

127 1 1 s ge 1,2% 1,2*

2 R s, FRRY, S

L P ERF BRI AR TR BE, TG A FEBE, th E R 2B e i TR A= E S, | RE G RS A 5 S %,
Il 518055;

2. fERREARE R, JEat 100049

GRS

* B & A, E-mail: shuqgiang huang@siat.ac.cn; nan.li@siat.ac.cn

2020-06-17 Wk, 2020-07-26 1 [E, 2020-07-27 $32, 2020-07-28 M4 R Kk %

[ ¢ S A 98 & R 11 Rl (2018 YFA0902703) BRINTTBHEL A #7122 51 &7 H (JCYJ20170818164014753, KQTD2016112915000294,

KQTD2015033117210153) Y& AL P12 0B BF9 Be 0 B (ZTXM20190015, ZTXM20190012, DWKF20190002, JCHZ20190002). )~ %44

REH AR H (2018A030310685, 2018A030310035), [ A4 & BLHE A 41 2% T 5 52 50 % 70 H (2019B030301006) Al 5 11 A RL 2 5 4
(31800694, 31971354)7H)

e REIRENFE TR CER, BREIr-6 R-R-2 3 - B Rt B A TR £ TR EA 6, B
B USATRE R et R H & 8, BEITHRARBREN. THENEREE, REFITRLEHEETIAN
TR Ak, LR B Tk o B 8. SRR 35 ok oy 7 35 T DUAI A — S ik 90 ROBUR o vl BL A MBS Y TR R 4R, (2
EHPHGRBMNAY, CFEARAFBEANEA TIMK T EREED R RALEANFNEETE. M
FUERABEBRHN EWERE. BoBRFOEFUARN FRNNFEE O AET EW R, LRI
PR IR AN EORARZHNFRMRA TR, ARATEREWR TR EmE e TERER ALY
EAHERANRRET LENBEAIE, W EETRENFAR P ENREARMRBET AT %, AX

FEAMBMFEORAFEARELETRENFT R P OBAENA.

Rl EEIRAEYY, ERLE CFEFaRAd¥, EHELF

H20M 2R LK, ARl kA2 BB H S 7AE
b, ARt AL et R RIS 1) R
Raifb. TR mIARE, & i TREAEY) S (quanti-
tative engineering biology: RIVi i BEME 151 FNKE vEHL T
AN T RGOk & AN A A arALg], BT P8
JPUh RGBT, R TR ST A RS
AT D RERTIAR, e IR TR A A BT IR X
RGN T R, Ui ib i K B dnte,
2L R 2RI, o I R HE T e 1% (A D) e
Fn, AR R A Y Re IR A M RE . A R A IR
VLSRR R IR A . S — T, TARAY)

AU B F ARVEEE W 7 5O R AR 1 A2 ) R et AT
AN BB amR, JELAIE R
AEM ARG T AU LA AR A T

TE A TRRA AR IR R BRI T AT A = 4540
S T N R S RO RS . EAT A R
AEZA, BB DUAS B JE D 2 B e T 2 4
Brb, XTARAE A IE AR L 20 T A A
AR, AWPLEEIm? TR SGE 1 A R SRR
A —AE, TEHFTAL R RO IR R AR K, P IER )
ML TR RE, A Tt — DRI

EABURAY R IATE, YR NE A B

Chin Sci Bull, 2021, 66: 356-366, doi: 10.1360/TB-2020-0457

SUHKSA: 5, SR, BT, 5. i TRAEY A A =8 R SRR, Bl 2021, 66: 356-366

Wang L, Huang J D, Yang S X, et al. Chemical proteomics techniques and their perspective enabling roles in quantitative engineering biology (in Chinese).

© 2020 (PIEREE) A=tk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2020-0457
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2020-0457&amp;domain=pdf&amp;date_stamp=2020-09-10

P A

TR, AR P R
e i 14 3 3 L R F 3 i A6 U A3 T LA P S B Y 2
. DRMCAEL B A i B S 2R T ST S T TR AR IAIA,
MR EAEREA . B M 2% 5K B A TR
UTSEAER, B b E B A I AR, 8 7 PR T
BORBHED AR ENURIL B0, (EA33RATRER LA
1o 10 e 7P DA 24 B8 A R il e S R BT R R
FUBT, ARIBCEY IR R H B R 8l 25 8, SR DL
B T A=A TG Sl A= W 27U, RERS SR A b R A
AR, s i T RRE Y AR TR B TR EE e
ERAE T34 T IHAR SR,

1 R IE CTEIN 2 )2

bt TR AR TR R, T2 N TG Y TR
A, e TARA YA ] LU AR PR 2R A
MU T, AENAE BT AN TA A BB IER. LI
BEANIEAE R IE S AR B9 RFFE R 6. 20034, KeaslingSE55
P 10/ B 0 B R B AT i v, S
THBRE BRI G, BRSSO %A K
IBRAIE 5B R BERCR T S R RHA R, SCEAE
P BE TR AR PRI T 2R, JETF20134F50 T i
PP A AR 2 Smolkel A A A BT F 22581145
ANFED AR RN 4, SRR RE AR b AR 7= B 2
254, 20184F, i ERIEBE iR Y A PRAE ST Ay
BRI 54 4 F i Boeke AN R £ T KT
P B Y ARl E AL R 2 2540 ORI 5T R, 43 TR T
TERE R 162 Y R R L2 S5 e k. Ao A,
TSI DR 2 5 ) ) T 200 5 A A B ELA AR ARLEY)
FESRAAKT K 25, 20194F, Keasling 1B Fme i
AT DR 9 A P R, (AL RE A 1 U &
DU S K RRER(THC) AR R B3 (CBD), SEEifEEELE A
FEFRIRMNE, BT A B B AE M 2458 7 ARSI
BAS b A PP R A A 2E AT

FARIT 204 TR W2 o 5 0 HE 2808 T
A NHE B R, (R RRATF TR A S in Mz
Bob, X EE R T AR I A R
RN, HRioeF TRMAE Y Y 3222 R B 3 i
NREE Y ol 7 S 5, AR 1 B A I D RE R A
7%, DCEENZE . B SHe 5 BN REMERf e 3 T2 4R
iR rE R, I EAEYIR NS A A BRI AR AL T 3h
BACRPIRE, SRS TR 3841 T o oAb iy
AN e A AR AR, 3 A Al 2 & A Rt ARk, BEA

RAEF & A E F B, A S8 T A A g
fig. PUHFATAT RLUA I~ 5 R A R BTSE T A
AR BT 15, IR TR YRR, T i
M3 JZ i ek 05 3 1 s 3 g 2 A~ e
JRA AR,

L1 PR Al

AR B B i A e AR S I ph Schultz P B 4,
EA30LAEMIT L. BS, LhSchultz3E % KRN Z
BN T A% by B A st AL B R4 1 14 T 1k
UL A AT RN IR A (N R . AR
FEP L A0 RE R ) R AR RAR EOIE MR O mURE 5 1 bk
AF A A E T 20064F, DieterichE A4
HEWIIEAZ AR R AR S LR B ic (bio-orthogonal non canoni-
cal amino acid tagging, BONCAT)®¥ WS, JHTHME
S SR AN R A R R B A P TR
PERHPEBLE, Kt A AR W) E A B A A AR R AR 2 IR %
AFH A A E AR, e S A E AR
X H B T RIS, B A R R B WA
TERYER X A3 T, DT RRAR T AR S A 52 2 e 20
). fEEE BTG B RED, A R v e A b
AHA AR AR R IR, T lbrie i &

HERRRER

N IR SRRSO

BOE HERE

- zom P
Ns‘&@%@ BOR

BONCAT
+3ER0tRES K

FUNCAT
mGHS s @
N

2
\%%@é% Tgﬁ $®®%yl R
1. SH084L
2. 3@ dnanoLC MS/MS EIE

N ES

1 (M4EHRUF (1) BONCAT g SEms i Fit 2]
Figure 1  (Color online) BONCAT labeling strategy flowchart
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Figure 2

(Color online) OP-pure labeling strategy. OP-puro is a protein synthesis inhibitor with a bio-orthogonal functional group, which can enter

the A position of the ribosome and form a covalent connection with the newly synthesized polypeptide chain. As long as OP-puro is incorporated, the
peptide chain extension is terminated, and the immature polypeptide with OP-puro at the C-terminus is released
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Figure 3

(Color online) SORT-M labeling strategy. The pyrroyl tRNA synthetase (PylRS)/tRNA pair can recognize a variety of unnatural amino

acids. PyIRS can activate a variety of PyltRNA,,,, instead of recognizing the anticodon carried by tRNA to aminoacylate tRNA. Therefore, PyItRNA
can incorporate unnatural amino acids to positions encoded by different codons
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(Color online) Pathogens infect host cells. By modifying the tRNA synthetase of pathogenic bacteria, unnatural amino acids are inserted

into the newly synthesized protein of bacteria. The labeled proteins enter in the host cell through the bacterial secretory system
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Quantitative engineering biology, which uses tools to modify cells for various purposes, is a rapidly emerging
interdisciplinary field at the frontier of current biological research. The technology lends itself to many diverse
applications, ranging from biomedical uses such as vaccine development, engineered tissue and diagnostics, to industrial
uses in numerous sectors including but not limited to agriculture, textiles, and bioenergy.

Engineering biologists use rational design to assemble different biological components such as genes, promoters and
other regulatory elements to produce genetic circuits with a wide range of innovative functions. To develop a novel circuit,
engineering biologists use an iterative strategy of Design-Build-Test-Learn-Redesign, typically cycling through several
iterations and optimizations before the final goal is achieved. Once the genetic circuit has successfully been engineered, it
is inserted into cells that have been synthetically simplified to only contain essential genes. These basic cells are called
chassis cells. They act as the host cell for the genetic circuit, allowing for the creation of many different types of engineered
systems that are able to precisely perceive and respond to a variety of environments. By employing this rational design
approach, engineering biologists have successfully created vital life-saving technologies like anti-tumor bacteria and virus.

Proteomics is an essential tool in quantitative engineering biology. Proteins are the functional elements of almost all
biological processes and engineered organisms are no exception. The ability to observe protein expression is necessary for
understanding the working mechanism of the engineered organisms as well as the molecular interactions between the
organisms and their surroundings. Quantitative proteomics provides a high-throughput way to study the spatio-temporal
dynamics in the engineered organisms and their environments. However, classical proteomics lacks the ability to easily
distinguish the newly synthesized proteome from the accumulated proteome, which is essential to proteome dynamics
studies.

Fortunately, chemical proteomics provides new possibilities for labeling and quantifying proteome dynamics. It is
quickly becoming an essential tool for the functional characterization and mechanism discovery of newly-engineered
organisms. Innovative chemical biology tools, such as unnatural amino acids and bio-orthogonal chemistry, along with the
emergence of high-resolution mass spectrometry, have contributed to the incredible rise in popularity of chemical
proteomics. These new methods have the unique ability to reveal the spatio-temporal dynamics of the engineered
organisms’ proteome in complex environments. Chemical proteomics is an indispensable technique to explore how
engineered cells function in their host organisms. Furthermore, chemical proteomics allows us to develop effective
methods for the complex functional studies required for quantitative engineering biology research. Here, we review the
potential applications of chemical proteomics in quantitative engineering biology.

quantitative engineering biology, genetic circuits, chemical proteomics, biological orthogonal chemistry
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