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Abstract: As central players in cellular structure and function, proteins have long been central
themes in life science research. Analyzing the impact of protein sequence variation on its
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structure and function is one of the important means to study proteins. In recent years, a
technology called deep mutational scanning (DMS) has been widely used in the field of protein
research. It introduces thousands of mutations in parallel in specific regions of proteins through
high-abundance DNA libraries. After screening, high-throughput sequencing is employed to score
each mutation, revealing sequence-function correlations. Due to its high-throughput, fast and easy,
and labor-saving features, DMS has become an important method for protein function research
and protein engineering. This review briefly summarizes the principle of DMS technology,
highlighting its applications in mammalian cells. Moreover, this review analyzes the current
technical bottlenecks, aiming to facilitate relevant research.
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N*19 (N fRERFRBEERN S50, 2) £
A7 A5 3 (multi-site library), [R]AE X 24 B g
PSPPI ZEAE , BRSO R AR R 20N
(F 2), FERABSCFEME, 5IA . Rikidfid,
eI N A Ui S M)A 7 I s =3 O [ e
BRI E, X DMS SZIGRE T RN AY %
i AR SCEEAR SR A ] G eGP (5
BATIR) G PG, Je2kiEst PCR it Ff AR 7
A5 ABURLEL PCR 724 T 5 82 S0 &
ko RA S| Y n] LU S PFunkel 4505 1k B 3%
FIABI R E AR T, TR R A SO . KAk,
T 725 S P 9 I BEAZ T R 1 AT LAAE Sy (] U5 2 2 A
M5 I ABIZER (W 3.1),
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Figure 1 DMS experiment workflow. A: Mutant library construction. B: Introduction of mutational libraries
into different selection systems. C: Phenotype selection. D: High-throughput sequencing. E: Data analysis

and visualization.

Saturation mutagenesis
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Figure 2 DMS library design. Single-site library is generated by the one-by-one substitution of all
individual amino acids with NNK degenerate codons. Multi-site library is generated by simultaneous
substitution of multiple amino acids with NNK degenerate codons.
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HTHT DMS 3255 i b M i R G R E0A]
PLorh =26 (1) JE4HHE R Si(acellular system);
(2) B L 3h ¥ 40 i R 48 (non-mammalian cell
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B SRy, WA RS eI A Nl
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R, DI O G . M YA
AR, OB/, {XATEE 107, 55— Fp
715 F FHl CRISPR/Cas9 2 Gi 45725 S5 35 | AN
FLEAN &, i A HEK293T 40", HAP1
A>T ek /N B Ba/F3 4 JfuP94EB CRISPR/Cas9
Z 55 gRNA 5|5 Cas9 25 P A JE R 7 7
A= RUEWT Y, il e R )5 19148 52 (homology-
directed repair, HDR)J BILEG & A SCJE AL 57 7 471
PP S | AWTZ 05, SEB L sh ik R 4]
5 E X A1 A 445 %), CRISPR/Cas9-HDR
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FE ML R (2) A A AR A Al
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& T —Fh in-vitro-ligation-PCR K W& , 2% &
piggyBac R%E, SLBL T RASSELE ALY A
Mt e B a ., E—SldsgaiotEAa kA

http://journals.im.ac.cn/cjben

[l (chromophore) DMS SZIG{IESE T i 3 W ) 7]
P, NASKRIETHFLAY 40T DMS SL5642
AL AR A A R 0 SO R (B 3)
3.2 LUEE AR AFE S8 DMS M
3.2.1 RKE

PO LA w5 23 R0 R e o S R S R B 3
MR EA A E, T MRS B B
PEVERIR | 9 BRI S 2 R I KRR 1R T
Pk DMS B)—NEEE 5 [l it X i o bk
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A eSO PE (likely pathogenic). & X A E
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I 5"ITR 3'ITR A
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Randomization (2) T4 ligation

Chromosome (3) PCR

amplification 5'ITR 3'1TR

(4) Transfection

Linear dsDNA

“.. Genome integration Piggybac transposase

Transfection Resistant selection

High-throughput sequencing
Data analysis

B3 REWABEALXGEARERTHABIE @i PCR K NNK fiJFHM 75I ABOIOLE KA
FIXS RN EL, I in-vitro-ligation-PCR SRS BIE MR SN BEAT SCE O MDD . 42 F0 PCR 973, JF4S G
piggyBac RET, SLI T RALICAEAE HEK293T A i pFR 2 B . A iRt =0 o0 e 345 n] 7 A S (.5 L A 4
i, Je e v A 0 BT T e A ) K A G ) 5

Figure 3 GFP chromophore DMS experiment. The NNK degenerate codons were introduced into the
corresponding site of the GFP chromophore by PCR, and the in-vitro-ligation-PCR strategy was used to
construct mutational library through restrict digestion, ligation and PCR amplification, and by employing the
piggyBac system, the mutant library was integrated into HEK293T cells genome. Green fluorescent cells

were obtained by flow cytometry, and the enriched chromophore coding sequences were analyzed by
high-throughput sequencing.

i BRCA1 5 X248 0 BRI A VF 2 R AS 151
R SORI 2 o KU PEAT A R T B KBk
fi% . 2018 4 Jay Shendure PR ZH %F . T BRCA1
FEH 13 ANAMETF EAIT 4 000 FPR R AE

AR 1 B M ) 5 PR 8 AR 00 SR o R 4
BRI R AB TR ANB 2 Wil ok # Pk, DMS
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AT BE PR PEAR 0007 FLRR I 2 SR FE ] 1 (breast

cancer susceptibility gene 1, BRCA1)J& 5 £ ) i
JEHE, BRCAL R 2R 58 A0 4 1 2 488 i o P FL AR
e L O SR B4 0 LB % 2 10% 1 2 P
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(single nucleotide variants, SNVs)i#17 T DMS,
Xt AE—Ff SNV AR 455 H 6 2 ity [R5 V5 & 4015 & e
TR AT I RETE U0 iR LS e
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i 245 P 0 7 A S VF 22 IR AR TR I R I 2R )
FEJFHTH, DMS AT RL4 i #8158 28 %o
R 2R aE R, SEE M AR, R
SR ARG UE 12T (5 BV, Bolon %02
CRISPR-Cas9 % %t 7E [ Il i #H K Ji Bt
BCR-ABL1 H15| A%78 , F| F| DMS J5 ik R4t
WFE T AN ERAEXT /N Ba/F3 21 it 14 5 2 Xof i
T AR A0 ) R AR B s, AT T
Il Kb FIr 4% 38 B9 BT 47 BCR-ABL1 Jiig 3L 5875
AR T 5 RIEA T2 05 BE A DG I 45

BRAF LR 278 W BAEZ Rl g v, 7E8
ORI T AR I L e RO SR R K
A TE W 45 A4 1 (kinase  domain) . 4% JE Jé
(vemurafenib)/& BRAF V600E [ £t il 51,
XRORBEA BEMGIER, TS RE e
177 BRi, BRAF V600E %875 (4 5 H Bl 4k
B e gk & VEM 25 . Wagenaar Z£7F F] DMS %
JE i BRAF V60OE JE ] (1) — 4k A& 1 5845 L505H
S84 F IR Bt 25 . BRAF V600E/LS0SH U
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WEN A SR Z #7770, HLas2E 2]
I WA R 5T A P I R i A A R A )
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DMS for protein research

Table 1

Protein/Gene

Selection system

Selection methodology

Variant space References

hYAP65 WW domain

Protein G

domain B1 (GB1)
Protein degradation
signal Degl

CcdB

a-synuclein

TEM-1 fB-lactamase
SARS-CoV-2 spike
glycoprotein
Anti-EGFR antibody

BCR-ABLI1
Therapeutic antibody
trastuzumab

BRCALI

PPARG

BRAFV600E

Phage display

mRNA display

Yeast

Bacterial

Yeast
Bacterial

Yeast display

Mammalian cell
display
Mammalian cell
Mammalian cell
display
Mammalian cell

Mammalian cell

Mammalian cell

Peptide ligand binding

Binding affinity screening

Growth rate screening

Cell toxicity screening

Growth phenotypes screening

Antibiotic resistance

ACE?2 binding affinity screening

FACS screening based on antigen

affinity

Cells growth effect screening

FACS screening based on antigen

affinity

Homology-directed DNA repair

function screening

FACS based on the expression

level of CD36
Drug resistance

Whole WW domain, [3]
>600 000 mutations

Whole GB1 domain [20]
Degl residues 3-34, [25]
>30 000 mutations

Whole gene, >1 200 single-site [36]

mutations

2 660 single point mutations [42]
Whole gene, 4 997 mutations [47]
Receptor binding domain, [51]
201 positions

CDRs, 1 060-point mutations [53]
311-319 positions [56]
About 1x10* variants [62]
13 exons [70]
Whole gene, 9 595 mutations [71]
77 amino acids surrounding [74]

binding site

FEBR P 9 A8 S el 2 ) 2 1 HDRE PRI
AR . BOEBUAZG Y . 4 Bt AR
G EARDHmEE, RA, TEANE
PEAHES T oRd . RS EE . ARG &5 R 2
G K e o B B ETF A TR E A #E A L
JFE DMS 5%, T LRI T e it A
RTREIR R . X F—SIgERANER, &
T P 157 38 Tt ) RE O 4 vk R B R RIHE Y .
BT EAEHS REAKEA R
REMEE T, HRrid & 4156 DMS 5%, IhAh,
Wl G I BT 9878 SCHE , RrRE 58 748 SR R sk
MBI AL S WA, anfe et S ik
2, e R AL 2= 2 U B AL BE R HLf# DMS
A, anfal B4 WK S50 % DMS B8 5 1 R 2L
P AH IR, X LR K 2 R ok DMS BIFFY I 24 40

&: 010-64807509

TRl

DMS £ AR AR FE PR e B B, BEH il
IO R YIS R TR R K
NITEBEMGIA, ZEARRKREAE 21
DA T SN 1 L W e i G e e A D DL % i €
MALB AR K, 1 Ry SURSMIFFEN B
H# . N DMS Sls iR B Z a i), gt
WFFERHT .
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