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Abstract  This article explores implementation and application of fluorescence auto-correlation spectroscopy
(FACS) as a quantitative immunoassay method. Using the binding interaction between Alexa Fluor647 fluorophore/
green fluorescent protein antigen and its monoclonal antibody as a model system, we used a benchtop fluorescence
correlation spectrometer to collect fluorescence autocorrelation data of solution samples of the antigen mixed with
various concentrations of its antibody. Combining the classic FACS technique with the maximum entropy method,
we can respectively evaluate antigen-antibody binding quantitatively and qualitatively. By analyzing the collected
FACS data, the self-developed data analysis software can determine the dissociation constant of the antigen-antibody
binding reaction. Experimental results show that FACS is a simple, rapid, and sensitive method for quantitatively
determining antigen-antibody binding affinity, suitable for measuring dissociation constant values in the pM to nM
range. The modular software standardizes the data analysis procedure while improving accuracy and reproducibility
of analysis results.
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[E 3 FCS #1 MEM 75320 81 Alex647 356> THURPUA LR 1. (O ARUEDE N4> T8 W 7 85 Alexa Fluor647 i JF % i LA
e e L T -0 R VR A VA R Y 0 — £k 1 R G 4R 5 (b) Alexa Fluor647 it J5 U 5] Mk BE B 7R VR 6 V8 W i 05 — £k 1 A 6 iify
25 (O M MEM k5t R4 B 13 4107 B PR TR TR TR A 7 A AR 5% i 28 U617 43 . 49 300 0 P Bt IR A A 1l B

FOAH OC I T] 4341 i 2% 5 (D XS [T v B e S -4

S5 LB AT AR St/ Tl 5 15 BIHT IR A4 O ff 125 4 4K

Fig. 3 Analyze the affinity of Alex647 fluorescent molecule antigen and antibody using FCS and MEM methods. (a)

Normalized {luorescence auto-correlation curves of a standard fluorescent molecule sample, a free Alexa Fluor647

antigen sample, and a bound antigen sample; (b) normalized fluorescence auto-correlation curves of Alexa Fluor647

mixed with different concentrations of monoclonal antibody; (c) distribution curves of diffusion correlation time of

the free and bound Alexa Fluor647 obtained by MEM analyses of the 13 antigen-antibody samples; (d) antigen-

antibody dissociation constant was obtained by non-linear least squares fitting of the bound antigen fractions data with

different concentrations of antibody

FETE . TR IG Inpo vk B2 31 300 nM Byt B . o
I3 2R HE HA — N1 (0. 604 ms Ab) 16 B BT 1A ik
JEIRF] 10 nM LLG B R PR 2 & SEA T 1R AT,
4.1.4 HHERBRIIKBEE T HK

Sof AN ] 470 44 e B (M ;0. 01~ 300 nM) F 45 & $it
JE 5 B> T A (F ) 3R 47 LA 1T LS 3109 T
T R PR R B R B0 Ky b 0. 746 nM £
0.037 nML(DHR ], ELRME 3(D R, BEH
TRAV R PO B (VD B L &5 4 el F, H
BTN JE IR B G W, MPUiAWE R 0. 01 nM
W, 454 Al Fy=0. 00240, 0004 , M I IR A ¥ W b
PURAL T B4 45 & LM F B B BT 44 v 5 1Y)
S RGO S PR MR E A F] 10 nMLZ5 A HE F,
K F] 0. 83140, 021, BLHF, PLIR-PL A 25 A 3=
P | O SV | R U N7 N O [ 2 ) | B

182 FEHARH B R 200 nM B, P R-BE AR Y 25
AREE LB FE WA (F,=0.95540.015),
4.2 S GFPRAEARESHMEFEMA
4.2.1 EERE
TEIER LR TG AT, B e LA e My B R
B AR E 9 64> F ¥ (5 nM ATTO488) X FCS
WA AT RCHE , LA E M HDIRAS TS FCS & R 1K
BUTE RS H(S) AR BL(V), 14 ATTO488 1y
ARSI LA 4 ) I BIYREPRES T FCS A1
TEARBE(S) K 7.2340.23, B ATTO488 ¥ #E
ZH(D=4.0X10 "£0.1X10 ° cm’ss '), 7]
BB EE N 1. 109 L £ 0.006 {L[(3) & ~
5],
4.2.2 AR B R LA 6 3R AR R AR R
X B HEA ML 200 pM, 18] 4 () JHIE JEL-HT 4R
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Wi 2 0 R Mk B 34 T 184 Jin (0~ 920 nM) , GFP it
Ji (200 pMD FIAS [F] B2 B A4 TR G W09 V3 — 4k F AR
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GFP — 45,7, WefHAE 125 ps 4b, PRk E
AR AT (230 pM~2. 3 nM) . AT T FEE L8k K
S GFP, Mfufkk B ma] 11. 5 nM B, 7,
A7 i 2k s A R A ST A 0 15 IR R S VA R R
MRy FRAKRKZEZSFNA S, o BES A
7E 100~130 ps 1 400~450 ps XA N, 55 FCS
D543 000 4 BT it B PRV VRN BT - o A 2
VT 15 B B U B PR A A S PUR A < (E A
U PR B — B 21 43 32 A Wi S B DR BF R 4 4y
W% A AP . MY A F 690 nM L) -
Wz, o34 M2 AU — AW (292 360 ps &b, 16 B
2 DNV VR P B A 2 R B AR R, 2 B0 R S
R4 A LSS A A PR IE X AFTE .
4.2.4 HHERRIARMS FH

WELCD Fis . 856 5085 B8 F e E
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B
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Z
l
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8
=
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T /ms
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sl 3l sl g1
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& 4 FCS 1 MEM 08 GFP 96 LR APTARE R . (O bR MEZEEor F V6 W 7 B GFP I A W DL B A0 Fngie S - Bt
RAA WA —AL A A G £ s (b) GFP HU 5L A1 [ 3 B2 5T AR IR G i i V3 — Ak A AR G 285 (o R MEM J 25 4 5%
B2 (19 U0 15 0 DRI BT S0 AR VA R R DG It R AT A BT A5 B0 IR PP D AR B BSOR DG I 1) 43 A it 25 (D XA
[ 70 1 e B T 0 BT AR 25 6 L BB A7 AR 4 1 e/ s SR U0 45 B BT S0 4R 1 A 15 L
Fig. 4 FCS and MEM Analyses of GFP antigen-antibody binding affinity. (a) Normalized f{luorescence auto-correlation

curves of a standard fluorescent molecule sample, a free GFP antigen sample, and a bound antigen sample; (b)

normalized fluorescence auto-correlation curves of samples composed of GFP mixed with different concentrations of

monoclonal antibody; (c) distribution curves of diffusion correlation time of the free and bound GFP obtained by

MEM analyses of the antigen-antibody samples; (d) antigen-antibody dissociation constant was obtained by non-

linear least squares fitting of the bound antigen fractions data with different concentrations of antibody
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(F ) B 25 TR A 7 W rb B0 7R o 3 (MDD 18 18 Jon i 3% ¥
B e Bk 20 6 0. YPUIRR EEAIR (230 pMD
RS WRTPIHIEEEL T ES.F, EN
0. 130, 04; PR M L 5] 189 nM ), 45 A L {H
F, (H3 K F) 0.839+0. 004, Mt B 14 i $i
PR F (B3N 22 1%, U B B DR -0 IR 45 & AR R
BN, TEHURMRE S 920 oM B, H1J5-Hi K 19 45
AERECLEFE WA (F, =0.987+0.006),
Xof A [ 470 A e B (M2 230 pM~920 nMD F 15 51| i) 4%
A Fy G217 BA 0] LS 0% 0 PR ik

() B W B K, =235.5248. 49 nM,
4.3 FCS 5HMEY > FEMAENIZ AT
) A S B 4% R R WL FCS 2 — Fh 7 L sk
W52 S8 J g 1 T2, B R /N, 75 S S
MRS B Ak T T 19 4R T AR 20 AT 50 £ E
P BT AR 3 A0 A I A e L R RRCRD AT R A Pk
4 FCS 5 A4 W B 2 G b 5 F W 58 A2 90 9% 1 oF
AT 00 AR R IR o 2 0L (ITO) £l 45 3 7
PR+ AR (SPR) i s i #49 3l £ R (MST) #F 17 %
L(E D,

F 1 FCS 5HAMAEY I T 2 A0 4 I 45 A X b
Table 1 Comparison of FCS with other technologies for quantitatively determining antigen-antibody binding affinity
Technology Theory Characteristics Sensitivity
No need to label the sample. Antibody concentration
By detecting the dynamic is 15—50 pM. The ligand concentration is 15 times
heat changes during the that of the antibody. Sample amount is a few
Isothermal ) o ) .
) ) reaction process of microliters Antigen-antibody
Titration . .
. ) antibody ligand binding, FEach test takes 2—2.5 h affinity test with K
Calorimetry ] o ] ] )
o] ITC calculates the binding The small heat change lower than 0.4 pJ in the reaction value at 10’ —10"* M
(ITC) ™
thermodynamic and kinetic ~ process cannot be tested
parameters The affinity of the antigen and antibody can be detected
in the natural binding state
) Sample is fixed on the chip. The sample preparation
When the ligand flows . .
] ] has to be careful to avoid the damage of the active
through the antibody fixed
) structure of the sample and produce non-
Surface on the chip surface at a o . . o i )
) ) characteristic binding. The detection limit is on the Antigen-antibody
Plasmon certain speed and binds to ) . . .
) order of 10 pg/mL. Sample amount is micrograms to  affinity test with K
Resonance it, SPR calculates the

(SPR)"##%

affinity value by fitting the
weight changes of the chip
during the biding process

sub-micrograms
Each test takes several minutes
Get and

reaction information of binding kinetics

concentration change during binding

value at 10 " —10 * M

A temperature gradient is

induced by an infrared laser.

No need to fix the sample, but the sample has to be
labeled.

microliters at nanomolar concentration.

amount is a few

The ligand

fluorescent Sample

Microscale By combining the precise concentration is a few mg/mL Antigen-antibody
Thermophoresis fluorescence detection and FEach test takes several minutes affinity test with K
(MST) sensitive  thermophoresis,  Energetic detection of affinity. The affinity of the value below 10°? M
MST detects the molecular antigen and antibody can be detected in the natural
interactions binding state
By applying the
) ] No need to fix the sample, but the sample has to be
autocorrelation analysis to . o
Fluorescence ] fluorescent labeled. Sample concentration is pM-nM., . .
. ) the fluorescence  signal ] ) ) Antigen-antibody
Correlation ) ) Sample amount is tens of microliters - .
. fluctuations  during the affinity test with K
Spectroscopy o ) . Each test takes several seconds .
” binding  reaction, FCS o } . value at 107 —10"" M
(FCSHH 1 ) The affinity of the antigen and antibody can be detected
calculates  intermolecular o
o in the natural binding state
affinity
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B TTC &b, oAl = Bl 3 & 6 2% il F R, 1
LT PO B AR MST f1 FCS A9 R e . &
SR VU P2 AR S8 0] LU F K A 9 4 F 2R T, DL &
O T4 A RN i B BORUA D 2 / 3 245 8
SR E R A R B[R] A T AR AR 22

D) FESL £ . TTC T 75 X 32 W 4y 7 17 k2%
(BRSNS N E N L = N E DO KR N7
JE L SR AL iy s (B AR FIFE M 2 Ik, SPR 75 %
G0 AH AR FH 43 F 6T A — 7 38 2o Ak 2 8 1 i E 98
K 4 Rl B 1S 3R 0E, HAX SR AFE A AR B . FCS
1 MST 955 2% 32 W 73 F #4745 55 9O R il .
PRI MM ¢ Y6 4 -1 TR 440 284 e W 5 R i A W s WX
AR S R 0 R AR R . ELE MIST 2SR AR G A6 A6
Dok AR RN S R AR L M FCS X i A 20K,
FCS 3 32 A i 19 2¢O 5 B FIRRIE 9 B &R 5, T BL XS
B it 52 D0 43 - 1 SR AR S AT 43 HT

2) HEfHIEE . TTC Ml i B, FCS 2 A
AT B IL T

3) KM, TTC kel i) ] fed 2~2. 5 h, i
At = A 75 vk B A] AE JL R0 25053 B o8 LB I TR
E I Rl

4) REE, SPR REH T /N F A0 5 AEH
5T BB ok 7 A R KAt R EE k., FCS
XoF R i VR SR AR AL T AR N pM ~ nM ¥R JEE 1) B
d s ERS I R B (~ 10" M), FCS i LUE &
G AT 22 0 43 0 446 % VR B RN I A4 Bl ) 2 2 AR AR A
AN 9GS AR DT B R R DL B B ot
FRiC i A5y KN EAF B . {5 MST JEik A il 5
a3 PR AT DL

LA UL EXF I, FCS #ERTEAE RN AW 5
B2 WF 9 2T & L R A2 B L6 DA B BR BE o BT
8507 HLELA ) A N IS .

ARSLEABTE B FCS v LAJ7 i FH FHL R S e
PESL AW S 5 L S B R BT A =2 ) 2% RN g Y R fE
PR F R W AE AR PR . A FCS oMl T
X 53 32 MW rp b T 456 28 (A P R 245638
B YLFO DOEhRiC Y . B b 8RR X ¥ Rl 4l 43 10
PHARBTEHEED 16 5. 0 TREEERT 4,
0 B G 03X RN AL 43 0 AE OG il 2 B e 22
L N TS | ST T =7 L e - R (e A ey
A ESPURM /TR Z WA ZE R RO 3
. Alexa 647 HUJEZE A S MIWE B 4> FRZ I
1200151 kDa/1250) , GFP 3t J& 45 4 25 i B 25
(5 FHRZ AR 6. 5(177 kDa/27 kDa) . X ¥ fl

T i A B8R o0 A 435 R s Y e D Tk B L L B A P
ARV B 38 s B - A ) 25 B A A o R
SEBURN o, HH K, FCS A M XML B H B
HEPUFE-PUER R 45 Gk B A, X AS [F] T4 vk i
TSR PR STARSS A AR ST LA AT DL B
VBT R BT AR TR B N ) S R R, MEM fULA 15
B NS E I e 1 R 1 NS R I 1 R N
B TR PR B AR b T AE SE BRI R, R AR
YUR > T8 8 % KT 200 kDa, i — fHL &4 741
9150 kDa, G, ¥R yiik o & E AT
IS E (<< I, FCS [ AH ¢ B AR Jo i A 80 4t
JE-PUARGER ). N — 25 AT & 4k S BT AE X R
BN an e e B B R BT A4 (8] 5 AN R AT 8 R e
I, 451 4N I i 2 ' HOAH S AR (FCCS) 7E I 40 3k iy
RS s TR 3R] 2 it — 45 Ak MEM 438 530 12 114
e

5 4 1w

A SCAE AR KOG 1S HOAR 1Y HE Al b, 52 AT BT
JE BT 2 1] 25 A g 0 B PR E A I . DL Alexa647
PG M GFP 968 H Bt I B o4 52 i by wF 5%
XF G WP AS B 3 AR SC B R AT B AR LA 1S
H 7 2 R B A T X BT AR 2 RN D 5 55 AT DA
il MEM J7 2 X5 $1 5 Bt AR TR G 3 W00 11 AR O ith £&
HEAT 53 A s T RASRIBOAS [6] Bt A4 ok B2 TR & i W b A
[Fi) 2 73 e B3 0 it AN 455 B J50) 9 R AR 4™ HBORH DG I ]
O3 SEIS W BT PSS A R PR AL . BT
Xof S 58 3 B Aok R v 3 30 (9% 0] L 91 GBS A B
BERVILG 25 FRATT A 32 B I & — 3 a7 458 15 T 114 ¢
4 (Molecular Interaction) Pk & &5 £ 45 43 7 (%) 1
WM EEMN., WA T/EMER L, FTHEBRE
ARSI S PR S 7 B A G S AL Qe
RN IR NS DA

Z £ x #t
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