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Fig. 1 Determining the £ value range of four kinds of standard FRET plasmids. (a) F.-Ip; two-dimensional scatter

diagram of four kinds of standard FRET plasmids. In the figure, the symbols “@”, “-+”, “ % ” and
represent plasmids C5V, C17V, C32V, and CTV. The MCF7 cells transfected with the above four plasmids are

cultured in four different culture dishes. (b) The £ value range boxplot of four kinds of standard FRET plasmids.

The range of £ value of each plasmid is calculated from 80 cells transfected with the same plasmid in multiple culture

dishes

0507010-3



BB 3T

S 49% £ 5H/2022 £3 A/REEE

# 1 KA FRET #r#EBURLALR £ 1970 [
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Fig. 2 Determining the standard lines of three kinds of FRET standard plasmids. (a) Pixel by pixel F./Iy, spectrum

diagram of fluorescence images of two adjacent cells, and the single peak Gaussian fitting degree in this region is

0.82; (b) standard lines of three kinds of FRET standard plasmids (in the figure, the black solid lines represent

fitted standard line. Different kinds of plasmids are represented by different shapes of symbols: the symbol “+ 7,

‘@, and %

3) B i R AR ML
B X A 0 6 5 A DX, TR 2 (EYE L AR
JE ARG 1 iR A TR JBORL Y & AR L X 2 38 =
(25 B8 2) U 8t ) X HEAT A 28 . X T IH 2R )
B RIES. ML, Iy Fo Fl Iax N xvy Fl =

represent plasmids C5V, C17V, and C32V)

2 2 ) EL S R SRR A N R LA A G
Top F o Tan W23 ) LR IR 006 0 B2 A R 45 b
JERL AR LR, A 2(b) P,

BRI AR R (3) 5 3 () X A5 B =0 0
Tl JoRE B bR MELR AT B/ R IL LA L R B R G

0507010-4



S| 495 £S5 HI/2022 £ 3 A/ EE

IEHEF G Mg,

R T AR PR AR E L AT 26, X AP PR =
T 5 B ol J00ORE B A E 4R L B R EOR A AR R Top s
Fo T B 25 )5 2] 5 5% 0T kL bR il 4k 19 R 55
d,(n=1,2,.n),/ AN
MM X s |
s
Kfes NFRMEL L, G=1,2,,n) B2 A 7] 5 M
NEZ L, FAE— A bR s M, Ry it SR 25 (8] 5 9 A
Fro WER M, 55 KR L0 IR &, JF 20 W7 i
PR A5 bR 2 i i . B 25 WP 5% A M 2 B il D2 A
J& T2 1 2 X6 IO ) TR

3 oM

3.1 W—MERNAPHESE@EMETHE

AR SCR JE B T — OGRS I Y
AutoQT-FRET J7 ik 46 EGR ) 5 5 LB L X 3k
rENLBURL 26 .G M B EAL A I H SRR, B2
IR BT — L4 B — U AR — S BVt mT L ) 245
FEMMWAEKIENF G M B, ACEEW
AutoQT-FRET J7 i AL AT AT — ML Y T 2 5t
7 ) A1 AT 432 L 38 T DL v B X B S AR — Y
S gL T AN ) TR ) A0 B AT 5 AR R 4. B 3 ()
R AutoQT-FRET J5 ik #E 47 BURL 40 2 0 45 5L .
1 HE DX 3 v %) 48 Ay 8 A — R 9 e e T TR o B R
(O, A< SCHE B AutoQT-FRET J7 v i 4 7%
Y JFORE AN TR) 7 B 1 X 43 T 3 PR A 40 i ) e 86 S
B, an il 3(b) Tz, (A, B T4 il B & 9 6 s
SRS ) S2 R A 3 M X R AT I IR R R
XA A RE T B3R A TR B 20
3.2 =MAREAENG ENE

ffi Hl AutoQT-FRET Jy 3 4 2% thh — /4~ YL BF
FEAE W Z B UKL S B AT 43 0 ] TP-G 53 . TH-M
J7% . AutoQT-FRET Jy ik AT i IEH 7 G 1l
W, XTI 22 ASIEFIE 200 455 Y
T C5V.C17V.C32V . CTV By— 0L PY J5 i 48 i 1 1]
TP-G Jyik #4150 #0r. T TP-G Jy i AL fe 8 % W
kL HE AT I &, R Sk BT TP-G-1(C5V 5
CTV)., TP-G-2(C17V 5 CTV).TP-G-3(C32V §
CTV) =48 s 247 20 Br Cn il 4 B o 15 3K IE
KT G4k 5. 34+1.63,3.99+1.39,3. 01+
1.27, WF TP-G J5 AL P Ff oz b i 47 00 4
2 TR R IR BE 1 52 e AR KL PR SR T 7 45 F)
IATR ARG RERIER T G HMEZERK,

d , &))

n

3 — L2 Ff B2 B A 32 . Cad — JIL 22 Fi 5k 40 g
BIr &R . AutoQT-FRET J7 % X 1%t % Bt
1oy W R BLZ LT AP 7 = Bl e ¢ TR [A] FRET
FRUESURL 1 20 M. LB AR AR T COV i
AL, AN R R G T CLTV BAL, & (0 20 i R

RFEYL T C32V kL, (b) TS 4 Ml iy 43 25 45 R

Fig. 3 Classification of multiple plasmid cells in one

culture dish. (a) Classification result of multiple
plasmid cells in one culture dish. Using AutoQT-
FRET method to classify this visual field , we can
find that there are three kinds of cells transfected
with different FRET standard plasmids. Red,
blue, and green cells show that plasmids C5V,
C17V, and C32V were transfected, respectively.
(b) Classification result of overlapping cells in

Fig.3 ()
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Abstract

Objective Quantitative fluorescence resonance energy transfer (FRET) is an important technology that can be used
to study molecular interactions in living cells, analyze the molecular structure of oligomerized proteins, and study
regulatory mechanisms between proteins in signal pathways. A prerequisite for quantitative FRET detection
technology is determining the correction factor of the FRET measurement system. Among many system calibration
factors, the system calibration factor ( G) related to the inherent performance of the instrument and fluorescent
molecules is particularly important. However, traditional methods, such as the donor-dequenching method, TP-G
method, and two hybrid-multi plasmid methods, are cumbersome. The QuanTi-FRET method can measure the
sensitized quenching transition factor (G ) and the donor and the acceptor excitation correction factor (3) of a FRET
imaging system by performing multiple FRET imaging for different types (=3) of standard FRET plasmid samples.
However, this method is challenged by the difficulty in switching multi-dish cells to measure different types (=3) of
standard FRET plasmid samples and thus ensuring the same contrast and background signals when imaging multi-dish
cell samples separately. In this study, we have developed an automatic QuanTi-FRET method (AutoQT-FRET) to
measure the G and 8 factors by measuring cells that express multiple FRET standard plasmids with different FRET
efficiencies in a cell petri dish. We hope that our method can be helpful for researchers using quantitative FRET
technology.

Methods In this study, quantitative FRET and living-cell fluorescence imaging were performed using our multi-
modal FRET microscopy imaging system, mainly consisting of an inverted wide-field fluorescence microscope (IX73,
Olympus, Japan) and a high-sensitivity CMOS camera (ORCA-Flash 4.0, Hamamatsu, Japan). The AutoQT-FRET
method contains four steps: (1) Combine the cells transfected with different types of FRET standard tandem
plasmids (C5V, C17V, C32V, and CTV) into one cell petri dish to perform three-channel imaging. (2) Divide the
three-channel image into regions, and classify regions using different FRET standard plasmids. (3) Draw a three-
dimension spatial scatter map pixel-by-pixel for the successfully classified regions to determine the plasmid standard
line. (4) Use the plasmid standard line to classify the plasmid, and measure the G and j3 values in the cell regions of
the entire field of vision.

Results and Discussions In this study, the Ipp-F. images of standard FRET plasmids with different FRET
efficiencies have different ranges of slope k that do not intersect each other. The k value ranges of the four standard
FRET plasmids (C5V, C17V, C32V, and CTV) were listed in Table 1. Using the AutoQT-FRET, we classified cells
transfected with multiple standard FRET plasmids in a cell petri dish and labeled them with different colors
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[Fig.3(a)]. Simultaneously, the AutoQT-FRET method classified cells transfected with multiple standard FRET
plasmids in one cell petri dish and accurately divided the cell boundaries of overlapping cells transfected with different
standard FRET plasmids [Fig.3(b)]. In Fig.3(b), we accurately classified two overlapping cells transfected with
different standard FRET plasmids, and the red and green cells were transfected with C5V and C32V plasmids,
respectively. Furthermore, we used the classification results of the cells transfected with multiple standard FRET
plasmids in one cell petri dish to measure the correction factor G using the TP-G, TH-M, and AutoQT-FRET
methods. As the TP-G method only needs double plasmids, we selected TP-G-1 (C5V and CTV), TP-G-2 (C17V and
CTV), and TP-G-3 (C32V and CTV) groups to analyze, and the correction factor G values were 5.34 + 1. 63,
3.99+1.39, and 3.01 +1.27. The large error of the result shows that the TP-G method may not be the best method
for getting correction factor G. Thereafter, we used the AutoQT-FRET and TH-M methods to analyze the same cell
data. Based on the TH-M and AutoQT-FRET methods, the system correction factor G values were obtained as
3.72+0.93 and 3.51 * 0. 81, respectively (Fig. 4). It shows that the TH-M and AutoQT-FRET methods have
similar stability in calculating the correction factor G.

Conclusions We developed an automatic QuanTi-FRET (AutoQT-FRET) method to measure the G and 8 factors by
performing single imaging. The method for transfecting multiple plasmids in one cell dish reduces the time and
shortens the process of calculating the correction factor G of the system. Simultaneously, the AutoQT-FRET method
can classify cells transfected with multiple standard FRET plasmids in a cell petri dish. Thus, it enables the accurate
measurement of the system correction factors G and f values using the one-button operation of one-time imaging of
a cell petri dish, which greatly simplifies data processing and lowers the threshold for researchers who use
quantitative FRET measurements. The AutoQT-FRET method is not only robust but also fast and concise.
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