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HRP5TMBE & TR\ 2hff{ MoFlo Astrios*®
B MIER IR IRE

BB RNR
(ARl K2 PR 2 B B s 2 A R &, B 200025)

g Z XA 48 A MOoFlo Astrios™ @45 &k AR 3L A4 49 B (horseradish peroxidase,
HRP)5 w9 ¥ LB K (3,3',5,5 -tetramethylbenzidine, TMB)ifb4- 2 &, R 32, BHAT 3 a0l ik 69 77 R4
k. BRIT PERRARKTOMRIE WRIFHAE L ERL ZIEERT—EE, mASLY
STRRLA A &, DesolBARTLLN) LA B2 £ 55 ok Ak el R R % 2 7. HTRAN,
T kA b Bk BT O TR it A B 09 R R e B TR B R T b, A B S i it A
FIBARYE . 7 9F, BEANIEEAR RE BN KBS, KA FH. R, THEASE R mitnik
KI8T .

KR gAY g B ik, i)k, HRP; TMB

An Exploration of HRP and TMB Colorimetric Method of the
Flow Cytometry MoFlo Astrios"@ on Single-Cell Sorting

Fu Rong, Zhang Xiaocui*
(Core Facility of Basic Medical Sciences, College of Basic Medical Sciences of Shanghai Jiao Tong University, Shanghai 200025, China)

Abstract A single-cell sorting method was explored using flow cytometry MoFlo Astrios®™@ combined with
the colorimetric principle of horseradish peroxidase and 3,3',5,5'-tetramethylbenzidine. The results showed that
sorting of different calibration beads or cells resulted in a different blue change of the two chromogenic reaction,
while the unsorted control groups were colorless, which were significantly different between the groups in Dssy value.
However, sorting calibration beads or cells have not significant difference. It concluded that the method could
quickly judge whether the actual number of beads or cells sorted into microtiter plate wells in accordance with the
theoretical setting, and provide accurate information for the single cell sorting. In addition, the whole verification
process did not require large-scale or special instruments and the reagent was cheap, which could be used as an auxiliary
means for single cell sorting experiments in the future.

Keywords flow cytometry; quantitative sorting; single-cell sorting; horseradish peroxidase; 3,3',5,5'-tetra-

methylbenzidine
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ZERWEP T B AFH RSN SRR
HIEAIRZ, BFESMRE. BRERIEZE. Bok
EHETNTA @ 7) Ll N T N R i i s 9w NS
HEmRE. KiiiE. 220ERERCHNHRE
1)L B o 28 g vk — B,

T AR 1) W B 200 4 1 o R 1 O 9 A R
R — N EARHME S BT, TR B
WS AL N 2 7545 49348 1°) 400 DAL R 34 4 i 4
FVIRAS, RN RIS 2] 77, B FTREIE BN AR 2 .
A HE 70 AE AL ARAR 26 75053 30 DAY R AT AL P 3 3,
H SRR BB 7314 1) BN A A 2 R VR CE FLAR M
EvansZ5 PN i x4 AA 45 & 43 R4 g A0k
WEZ 5 3 Ji B B ) 1 T, R AN 7 RS A A
B, 17 EERE T — 5 R (] A

B it 45 AL Y B (horseradish peroxidase, HRP)
I HO AN A MBI E &Y. A T4 R H
H B K H#%(3,3',5,5'-tetramethylbenzidine, TMB) A] {F
SRS L PN et R A A B M 1 — AN A, B R BE
WU TELISASESS . MR G5 It A8 it
A DAIE i AR R 51, A5 AT FH 22 Th R AL AR RS 43 35
HUTMBYE650 nmAb i YW e 57,

A 3 3 FIMoFlo Astrios™ @it 3 41 ff 1% J2HRP 5
TMB L B, 5696« 384FLAR « 96FLPCRAR
SIEEHEPCRE, W MER MTHEK 293 T4H M 32647 1 & B4
i, B AERR T 0 B R B A L R AR P, R S
SEIG IR — MR L P, PREE TR, AR
I 1) PA) U240 DT B 4 L 2 32 v Af P P R

1 MRS

1.1 #R}

LL1 A5 EA ARG 40 HEK293 T H
R K A R A e BE S AR B A &R O
BK(calibration beads)y H 3% [E|Beckman Coulter/s 7;
B i % AL ) B (horseradish peroxidase, HRP) 5 U
S B K J1%(3,3',5,5 -tetramethylbenzidine, TMB) 4
H 2 [E Thermo /A &) ; DMEME; 779 . i 4 L3 (FBS)
R g 35 1 H 3 [E Gibco s F; 96FLAR . 384FL AR
96fL.PCRR FISHXHFPCRE #4114 H 35 [ Axygen A F]

112 E2E2ME A (MoFlo Astrios™ )l H
Z[E Beckman Coulter2 ;5] & i 585 (ECLIPSE Ti)
) B H AxNikonA ;2 T Be T FLAR A M4 (Synergy
Neo)l H 3 [F Biotek A 7

1.2 5%
121 @mRZFARE5HRME ARIKEEHR
HEK293T¥ H £ 10%i6 4= Ifi. i FIDMEM3; 77 2k 5
F%, B T37 °Cv &5% CO, N i A 5 1 1% 77 46
W, 2~3 RAEARTIR; 1 1 e BN 45 26 K B 40 P,
0.25% R Ab, i 2% A P2 i 2, B A0 B Ik B
N1x10°mL, I FH40 pum 1) 38 M ok 38, B 0K - FF
o BALREITEREE NERE.
122 AX@AGER  MoFlo Astrios™ Y2 — K%
AP BOR B m R o I R R, BN K
fJ)Dulbecco’ st ik £h 2% 1 ¥ (DPBS). X8I HLIE 12
TR R G, T3 T2 RFFE & e, fRIE
W TE BN 5 FT IR BOREE, AT 0 RS 2)
K14 525 -G, 56 RE0E B E; A
PEOCTEK, EX IS B AT 9O AL, FTHF R
(QC)#, H AT AL 1l i “Definition” & I, #
H96384FL IR 471k 4L, kML IR,
“Drop Delay” 44, P47 W% 2EIR 115 .

H U H B FLAR (B AR 55) B T ke i 4 b
% “Home™$# 5 “End”#, CyCloneti 2= H 21# 3)) £
AVFIIL T 2R AL AN L B, A T 43 358 5 1 e oL,
T T P4y I A ER B A0 i FE AR 5 b, LSRR 55 b
SR ZAL g, G SRA mEe, i 70 FLAR A B
TR0 . FTIF“Summit 6.2 8, 2755 K T A £
BUR G SR FE (forward scatter, FSC)HMI ] £ S5 G R
J& (side scatter, SSC), [& i H #n#fAA, 18I FSC. SSC
M BE(H) %6 BE (W) THAR(A) BRI . FE4 i
R IEAR . K H 541 i (Single)-0.534 i (Drop) 77 i
B, CUE B, SRAERE S-S5 8530.3 psiffy 11 2%
123 963Uk 96FLIREEA LN FSEIMAS0 ul
TMBJEY, 54 ik LR PBSH INAN10 uLiER, n
NI SEHRPH I8 15 H K B2 400 pg/mL. LA R 5
Br, —ERAR B E A F43ES. 3. 1. O MER, EE W
W BB kL. 0MEER, EEHIK. 7
5 e E, B GEr B30 min, AR, IR H £ DhRERL
FUBRAS I3 52 BX TMBAE 650 nm Ak Fr 9 IR AL

B4 1 IR A A F 196 FL AR, &EFL A 100 L
DMEMH: 77 &, 1 5 40 Jfd & B2 41 x10%mL, & B fL
BRATIEAMIECA 1. 23 56 52 Ja I 25 J HE 96 FL AR, 131
BT TWEE, Gt A A i fLEL, gk B TR
FEFA RS IR, TR JE WS4 1) A K A
124 3843L#aik  384FLMEENFLA TSR I
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10 uL TMBJERA), £5 70k FFEEPBSH N0 pLig
BR, IE EHRPI 5 HK E 450 pg/mL. LLA
NEAL, — PR I~12F0 B B &5 58185 3. 1. 04
IR, 13~24F B E & 5150185 3. 1. 0 4Hf, 4>
SIEE PG AR~ 125 % B &5 ikl 0
R, 13~2451 B R/F) i1, 040, il EE
FRe sriksete s, #GEFE 1S min, S0, A
% Ty e S FL AR WA 52 U TMBAE 650 nmh 156 1)
Wi .

12,5 PCRE 4% 96FLPCREREEAFLA TS A
10 uL TMBJEY, 5433k LA PBSH 10 uLik
Bk, INGE SEHRP I A 5 HIK B 50 pg/mL. BLA
AL, 43 B E ARSI S 3. 1. 04 1. OMEER,
HE—IR. HiEsete)E, BOLFE LS min, #1H. 8EX
HEPCRAEF N FUSE KK INNTO uLy 5 uL. 3 pL. 2 pL.
1 uL TMBJE#), HRPIKJE 50 pg/mL. W& 73 i%S5.
3. 1. OMBER, ERIR. priksete)s, #BaEE
5~15 min, A&,
12.6 GitZow

IR LR B T LRSESR

Z/D3ANE T B D3 DL AT SRS, FREEUR
A AR I E i B R AT . S B SR
GraphPad Prism 74t 11, Giit2% 0 Hr Lhe-test. LA
TEMNTNE. Hrh, P<0.01RREE G HER,
P<0.000 1%/ B REMEGIHF 2.

2 H#R
2.1 96FLIR T IRLER

e 5 B ELTBE G AL B S, W7 U 2% 31 L A
At i I L AR N, HL R ERAN Bk i i
AR . IS MNMIERIIAL, BB IR (B 4
TE3AN TR 1) FL, BRI e W (R A 3 1A Bk 1)
AL, BB NI (B A ERERIAL, AR IE A
E(ENAFENC), FFLARRS X 3 BN TMBE650 nm
Ak IR A I G E AR E (B BRI E D), Seit
SERPLR, RS 30 1. OMMERIAL, dliAf 3
PEZ SR

HEK293T 40 i 73 3% Ji5 St A s L 5%, 25 S 4t it
LA 50934, 139136 96.9%:; 7R Ja W42 41 i

(B) 96-well plate
; 0.25- HoAA
= - - s
2 0.20 3
‘q’)’ ok sk ok 1
2 0.15 -
3 Hok 0
20.10
el
<
m 0.054
=
0_
Calibration beads
(D) 96-well plate
] AO.OS- I -
2 R
20.06 . 0
3
5 0.047
RJAVA
2
2 0.02
m
=
= 0-

1 0
Calibration beads

A: DA ALSES . 3¢ 1y OBEER, B4 #E30 min, LA TMBS5HRP M 2 ¥ € B: 96FLAK Y TMBYE650 nm /b ({1 56HR I C: BAS Ay s fir
GriELL OAMER, BEOBALFE30 min, FLA TMBGHRP B 2 1 ; D: 965LAR I TMBTE650 nmALHISEHEISE . *##P<0.01, **%%P<0.000 1.
A: 5,3, 1, 0 beads were sorted into lines followed by a 30 min incubation in the dark, the blue coloration is produced by TMB upon catalysis by HRP; B:

TMB relative absorbance values of 96-well plate; C: 1, 0 beads were sorted into lines followed by a 30 min incubation in the dark, the blue coloration
is produced by TMB upon catalysis by HRP; D: TMB relative absorbance values of 96-well plate. ¥**P<0.01, ****P<(.000 1.

E1 96FLiR /TR IREE R STMBTEG650 nm AL AL IR (E
Fig.1 Calibration beads were sorted into 96-well plates and TMB absorbance at 650 nm
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100 pm

B2 HEK293TEMESEFIEFRL 3. 5. TRA~D)ERE
Fig.2 HEK293T cultured after single-cell sorting for 1, 3, 5 and 7 days (A-D)

SLIERCBN6TA, T bE % 969.8%, Hth36M il s
FLHTE B e B L 2 8 194, 604 JE 1 L H T
B e B ) FLT- 2 9484 . K2 NHEK 293 TH: 751K
3R SR TRAIEIIIESE . 4553 WoR, HEK293T
G M A RORES R AF, AW 24385, 7R 5 Hli A
FLIK .
2.2 384FLIRTIELER

3 36 56 i HLRE AR B S, R UL 5 E1~1251]
IR 5 13~24 51 1 40 fi L L P9 IR 250 6 o 325 B AR
s, HLBE TR A AN Eom b i B AR (B3 A
FIE3C). FFLARAS M2 FLTMBAE650 nmk [ )%
W SE S E AR B (3B RIEI3D) . Suil-&h R4
R, SRS FECE IR BN AR AL, 411 B
FE(P<0.000 1); 433 A8 R Bk sl gn B i fL, 2H 1R
HEAEEER,
2.3 PCREMIELER

96FLPCRAR 73 i 5¢ it H. 8 e kb ¥ 5, 7T 5 Wi
W52 21| FL P VAR B8 E 32 PR e 7 i £, HLBE Ak
ANBOR D 1 AR R (K4A) . SEEHEPCRE 43 i 5¢
R FLIBE Y AR B IS, A3 B 82 21 FL P A B B
BF 5 8 R £, L FE BOBR AN B0/ T 230 A 3 (P
4B).

3 g

P2 R ) R A 3 S 2 R B A A PR RS 3R S 4
I A 5256 RE 5 T O BT $2 . MoFlo Astrios™ e — 3K
ORI v I A A, R B8 DR A R X B
AU BEEAT i, R ZSRER N B A £ B
WHIRAEAEL IS, 73 2 BT BEME L8 X
AR, R FLAR A B e S U E L, WA
v 22 55k 0] BE R B I ) 4y 1R 45 R, W I AL LA
41 M B8 2 A 4 B 50

TETMBJEAEFE E I RTHE T, 438G HRP
A R H & 1 ok, A RR G B — Bt |, LA
TMBJE) BTG 83 R R IR A — 1 €, XA AT
DL T s 15 P CE FLAR R, 38 mT LA AL N SEBR
PIEWOER AR . A EL R, A A7 eSS
—PEZE FER. WA 2 E 5, SLhRsr IR T RE
SR AN A FL R . ARSI IR R T 3844L B4
EHEK293 T i ) 52 56:, Xof bL 40 5 Akl 1) S €8 2
5t LA TMBAE650 nmAb (6 RIS, 45 AR B P9 %
HELRENZESR. mIbii i, AE 2 ikt 2
Y, B XHER RS BRI S B0 E, 45 5 HRP
ETMB 8 87, 359 T A ) W7 F LA P 52 B 40 ik
PITER B A A . 53 ok, FAiT3d FH 96 FLPCRAR 55 815k
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HFPCRAE #EAT 256, HAESIKHFPCRE R TMBAR  S2i 40U PCR 0 Bl > AR 1 AR 7 i o
BRI e L IZ B8 I 5 0L R, 45 5 HRP CEAE TR BUS, 456 0 0 S NI I A A B
TMBI) & N, PRS2 TARBFIN R AR, vn DNIRRERSIA B fLch AL B . SR IR A A 1)

B 384-well plate
25 ns
~ 7T e o . 5
§2.0— sk ok [ IK]
o
2 1.5 T**** -
2 | )
5 1.0 m5
O
< M 3
m 0.59
E [t
0- 0
53 1 0 5 3 10
Calibration beads and HEK293T cells
D) 384-well plate
15- ns
— ’ bodol ] sk 1
S ™0
gl.o- B
_‘é’ T 0
2
.gO.S-
m
=
[_4
0

1 0 1 0
Calibration beads and KEK293T cells

A I~1250 B BRHINES. 30 1. O ER, 13~2451 1 BAF414ri%85. 3. 1. 0/ANHEK293 T4 B: 384LHUA TMBYE650 nmAb 1R i f; C:
1~25 1 BRI ONMER, 13~24511 BAF414riE 1. 0/NHEK293 T4 D: 384 LA TMBYE650 nmAb (YR I B« ****P<0.000 1; ns:
TREER.

A: 5,3, 1, 0 beads were sorted into 1-12 lines and 5, 3, 1, 0 HEK293T cells were sorted into 13-24 lines; B: TMB relative absorbance values of 384-
well plate; C: 1, 0 beads were sorted into 1-12 lines and 1, 0 HEK293T cells were sorted into 13~24 lines; D: TMB relative absorbance values of 384-
well plate. ****P<0.000 1; ns: not significant.

B3 384FLIR 5 MEKFIHEK293T45 R 5 TMBYE650 nm4b A9 IR H{E
Fig.3 Calibration beads and HEK293T were sorted into 96-well plates and TMB absorbance at 650 nm

A: 96 FLPCRIAEEAFLI TRSE A 10 uL TMBJEE#, HRPIC S J950 pg/mL, LAF N A B B4R /3 25 3. 1. 04 1. 0/MMEk; B: SECHEPCRIS 45
HEFRZEMAT0 uLy 5 pLy 3 puL. 2 uL51 uL TMBJE#, HRPIKE 950 ug/mL, ¥ B L3S 3+ 1. 04 ER.
A: 96-well PCR plates were prepared with 10 uL in each well and HRP concentration of 50 pg/mL. 5, 3, 1, 0, 1, 0 beads were sorted into lines; B: 8-Strip
PCR Tubes were prepared with 10 pL, 5 uL, 3 pL, 2 pL and 1 pL TMB and HRP concentration of 50 ug/mL. 5, 3, 1, 0 beads were sorted into lines.
El4 96fLPCRIRSSEXHEPCRE 7k M BkEE R E]
Fig.4 Calibration beads were sorted into 96-well PCR plates and 8-Strip PCR Tubes
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96FLHR 7 EHEK 293 T #. /M4 ffd, 56 F i i B8 1~ WL
2215 3 B A0 M R FLBCE 2 9391, 151L% 496.8%,
TR G Gt 70 % 69.8%, X 5 4 i A% B A A7 3 M
O B, MR AR R — E R R
Fiah, BEFCR B, 96FLARIA L AL 7 b RAK T AR L AL
MBS, X FPFR 2 NI S8, BRI I B2
TERG FEBOA G AR AN G AL AT S0, 1 X
PRSI R R A TR 2, b i 5 B 12 Fvbh L 30 5 A
bk SNP4IV RS Y G PS Nt = Al b v
SALA MR N EE IR, AT R 40 M A A AR
FAF A0S, IR, o v P4 s 77 s 36 i, R T
Yl Sy e FUBR AR X, DA B R i e FE R

S 1) o i ok AR S W AUIRAS BB ARG, TR
& — NSRRI AN RS, B 2 B 5600 R T,
WANBE TE A PR UEHZ T R 1 54 o0 3 FRE IR . R
T AR 2 75 REME B R KT 77 36 TF In ATMBIR W 1)
EEARR, F5o A0 F I ANHRPIIE BIKIE, TEA
SO J5 S 4 8% 7R B SE IR I RT3 T, ak 3 4 ik
Y1 5 BB R, SR G iE BN R o v R 1) B
(1, B E AR S 0 J B 5 B i A S R

ARILEE A HRP S TMBI . 0 ) 87, #7857 —Ff
A DB 6 TIF P 3 e HE R I iR . FRATT SR
XTI ER SHEK 293 TA0 Il i2E 47 5E & 43 i, e85 1
96FLH . 384FL . 96FLPCRAR 58Kk HEPCRE Y Fi
TS I FLAR, 8 Ik 3 £ S AN AT DA PR AR B8 WY 4%
AN HCE BRI I Bt = 5, AT LA IR
LRI 32 B TMBAE 650 num Ak F9 ' R AT A 251
SEBR Y 1 3R AT B 40 M E, 19 3 )5 2802 5 2T 40
YR, g M o I BRI R B T kA

Bt —
TR D 5 15 R IR O ) X1 IR T X A ST S 6 T
EHR S
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