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Research progress in small molecule monoclonal antibody
screening technologies

HUANG Jingjie'?, LIN Ao', GU Yani', PAN Xiaole?, LI Jiancheng'?
(1. College of Veterinary Medicine/National Key Laboratory of Veterinary Public Health and Safety/Beijing Key Laboratory of
Detection Technology for Animal-Derived Food Safety, China Agricultural University, Beijing 100193, China;
2. Sanya Research Institute/Hainan Technology Innovation Center for Food Safety Surveillance and Detection, China
Agricultural University, Hainan 572025, China)

Abstract In the detection of trace small molecule compounds, the rapid and efficient screening of monoclonal
antibodies is the key to improve the detection sensitivity. Traditional hybridoma techniques and phage display
techniques are difficult to meet the urgent need for rapid detection due to their long screening cycles and low
positive clone rates. In contrast, the emergence of single B-cell technology provides a more efficient solution
for the screening of small molecule monoclonal antibodies. This article systematically analyzes the mechanistic
differences among three mainstream antibody screening technologies (hybridoma, phage display, and single
B-cell technology) , focusing on advancements in single B-cell technology for small-molecule monoclonal

antibody screening. For memory B cells (MBCs), fluorescence-activated cell sorting combined with antigen
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probe labeling enables efficient selection. For antibody-secreting cells (ASCs) lacking surface binding epitopes,

label-free cell sorting is achieved through microfluidic chips integrated with secreted antibody-antigen

fluorescence imaging, significantly enhancing antibody screening efficiency. In summary, single B-cell

technology demonstrates significant advantages in shortening the antibody development cycles, preserving

natural affinity, and enabling cross-species antibody development. Future technological breakthroughs should

focus on developing low-cost, high-throughput microfluidic chips and constructing deep learning-driven

intelligent antibody screening systems to provide highly specific and high-affinity antibodies tools for food safety

detection, propelling antibody engineering technology into a new era of precision and intelligence.

Keywords single B cell technology; traditional hybridoma technology; phage display technology; small-

molecule compounds; monoclonal antibody
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Fig. 1 Hybridoma technology screening process for monoclonal antibodies

2 BEERTRAK

1985 4F , Smith' " il 4o 44 SR A 1 R B S W R
TR 7o B S R Bl A Rk, LSBT AN A 7
V58 BT R 28 T 19 2 1) R s (IR 2D, s s 35 T R AR i o
AR HEA: o % AR A RO FE T AR R R (B
TR 25 4 fiE 1) 15 H 3 R R (IR 4 1 5 91D BB 6
WK o BEHBARMERTI, Y7 C & T o
P00 7 I R AR VR I R G, B U O A A A 0] A
10" A~ s e, Sk 25 42 T 0 DR S R AR A 7 A
SRS A R T I TR A R R B /N oy T R T B A
A AR, 2 00 g R BL T % B R BB E
Zhao %105 53 44 BT R K IR B A TR B BT AR % | 4
A HEE S A R W R D B S T RS A
A 2R ol G0 SR A AR A% G s iR AR T 11245
Gonzalez-Techera 58 W 75 43 & #5712 4 AR 5k A AL -

FAVHR BN B A% O D0, R T HF 5 R R IR ARAR S 4t
B PE A RPUR , JF & —FloE B A 5 Gt /N o 1
Rl 7 6, 76 5w BB AR A FR S 304G A 5 19
Ko AHAF ICTE B, 2 T 90 KB A4 9 7 128 12 R 4 B
BrTEEER AHRUFLRRILENE 202
BRIV I, ) ARAT T i A T R R R AR
AT i R TR R 2 R O 3 R T
I La ]t 0 e 5 A0 ) A K Bk 7 31 s e I T
TG At , Ry 5 2% 0T T /N G - T G RS o A
2%

Wik TR A i 7 R AR A e Al R i (BB GE A58
988 AR R 5~ 6 B O 58 B S5E T A2 1 A4 1 i
TERFVE |, 78 55 50 05 S Pk B0 3 PR TR 00 PR ] 45
Jr& TR R R A, I B K A I 4 AR L i
FARAMAET ' A2 NBE ¥ HT Adalimumab (2021 4F
BB 207 4295 0O I BLRR B 25 i 2 5 A



55 10

BRI /N T B T RE ST 1 1 R BRI 5 i S 233

B IR R SR A AR ROR L S TR
I AR 45 5 ST AR BEAL AL A9 IR A ST . 8T,
AL NI T PO & A7 A 2 R R T
ZING T3 R A T TR P DA SR s I (LA
R AV s B ML 5 T B0 B 2 6 B4 e, 52 o e 1A
PR S, I HL i 2 ) B AT [ AR O 15 i AR o
by F2 R HR A1 o I 5 4R IR 2 — 20 e fR 07 18 0%

BEAN /NG T BUR (9 T 5 B S O B R AR i/
FRBERCXT , M scFv/Fab 3CHE v 8 6% /2 55 A IE KR
BE AL & TETE 2 WA PTIR S5 4 19 58 1, BRI SR A
J1 o JREROR A -NGS B S5 B8 7 58 IE A W 48 Tt
i T8 JEE R SR BICHs S BT MR S5 A T R A B AR SR
REDL AL , 1B 24 i £ AR TS 75 5 IR/ 735 38 KA 3R AR
) B — AR T I B SO 2 R A o A kA

My e b % O

HRNA

LY

WP 5 fo ik alife

i 0k PR v e

=3

el

Yok

¢DNA

LV N L]

2 BEERTIRARGEBEERENRER

Fig. 2 Phage display technology screening process for monoclonal antibodies
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Fig. 3 Principle schematic of fluorescence-activated cell sorting for single B cells
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Fig. 4 Structural designs of three common microfluidic droplet-generating channels

3.2.2 LM H AR

AL B 90 AR DLES Jr b 2 38 0 8 LA T A
FLAE D 23 I 20 6 14 280, 2 T A A D BB BIL 23
TiC 20 JHL , O 45 5 8 RIS A B AR B L6 4
i o5 A i ¢ S T B0 ) RS VA A AR A AT S TR .
AR A0 00 AR I A T R — L T AR
TOREEGAR NS A, AT LLE A A AL BB AR
BT, B B Al B 45 Sh 0 4R A K A PR ) 7 TR
fLrh, W] E — 0 B B A M R AR R . i,
Yoshimura %I % (4 2R 2 24 AL 510 R f

3TTALAL , SE T /0N BRI 2 40 i 80 Vo Y B 24 i
3% Park 557058 1 B0 0 100K B 20 i 4 K R 42
2 90% LA b s Eilk 46 F & 4 BD Rhapsody™ (4
& mRNA Jf 3K 7% 2k ) Fl CellCelector™ (44 K L 4 %)
HYPO6END i — 2 TR WARfEfL, BT
CellCelector™ & , Li 2 S B T G JI90IE o4k £ 40 ity
rf LA B A 53 W A L A AT R Ak AR AR 38 A O 3R A3 b
e vE 2 T i Re S ME BT 9 ASCs, BT 3R 45 8 2 Al
T RIE T REPUR . R TR B R TE R A A
T UL E, T ST S R A0 A e 2 PR O



236

hoE kL k¥ ¥ R

2025 4F 45 30 %

W RRAR T /Ny 1 S S v B AR o o R . (B
AR T I O P RO BFL 4 A7) Y 8 AR (1T
~20 JT AR/ O o ARR AR B F IR T A
PALES I S 2 2 A SR TR B ARl A S T e
T A v A AL R S R A B
N AR R B A ERR Z —
3.2.3 HMEF| H K

T ) fol A2 68 2 0L R Bl g 2 BB
155 4 it RS UG T A B IS A, 7 38 T PR AR B A1
BN AR 2T BT )T, ROSE 5 (R 3A T I ) 240 i
BEHE S, T DT C A4 b 40 110 i 12 1 7B A ol 30 ] it

H S A T A IR 2 ¢ A A HOIR SR T, 5
HU T DR 5 (B 6) 0 BRI T 3R AT
AR B SN S 4 3 o T AR ) 2 B A Ak
TAARSTOI ), AR B AR R R ST i . 459 ik —
LA AR 2 il s SRR AN, A7 R HERR 1 I
AR A T SR, IR BRI AR I P BT
HE LA DX 73 A ] 2 T s 9 19 [R] RS 490 IS C a1z
B 40 SR 0D , S EUR B A AR R 2
BR o AR TT LURE RIS AR 3 g o7 Bt 4 5 AL i
AR 23 B R 2E G AR RUST T 8 15 20 BB S8 E A 3L
HARGE, T T BT U 5 1k 50 B A0 i B 0 28R

N BB
————— Sy
SRR URT
S
ERRLER
MARER T PR ARS €= e
BRI SRt
B5 WILEIGAMEBARSEREE

Fig. 5 Schematic diagram of single B cells isolation using a microwell array chip
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Fig. 6 Cell-free microdam array chip structure (a) and microdam array chip structure after cell capture (b)
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Table 1 Parameter comparison of 3 monoclonal antibody screening techniques
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