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Abstract: Bioanalytical technology is being developed towards the direction of high throughput, high sensitivity and
multi-functionality. Microplate readers serve as fundamental instruments for high-throughput analysis. They need to
meet the requirements of microanalysis, automation and integration. At present, domestic instruments have limitations
in terms of functionality and automation. Although the single-function microplate reader has basically reached the level
of oversea equivalents, there is still a gap in the multifunctional instruments. Most of the multi-function microplate
reader used are imported instruments. They are usually expensive and some operating instructions are not fully
disclosed. It is difficult to integrate them into the automated foundry platform. In this study, we will research key
technologies of high-precision absorbance detection and high-sensitivity fluorescence detection, and develop a

WeisEEE: 2023-03-16 {£@AEH: 2023-07-11

HeWMB: BRESFAITL (2018YFA0902904)

SIRAX: B2, H1, kEFE, UH. BRBEmHEEFANSRIURICNIRS[J]. AREYS, 2023, 4(5): 1036-1049

Citation: MA Cui, YANG Fan, ZHANG Juntai, HE Kai. Multifunction microplate reader for automated foundry platform[J]. Synthetic Biology Journal, 2023, 4
(5): 1036-1049




%£4% www.synbioj.com 1037

multifunction microplate reader. The control and soft system is also developed independently to access the automated
foundry platform. In our system, the absorbance optical system includes light source, filters, fibers and lens array.
Multiple channels of transmitted light are detected in parallel to improve the speed of detection. Combined with the
one-dimensional movement of microplate, the whole 96 wells are measured. The fluorescence optical system mainly
includes LED light source, filter cube (emission filter, excitation filter and dichroic mirror) and photodiode detector.
Single channel of excitation light is detected and two-dimension scanning mechanism is realized for the whole
microplate measurement. Besides the optical system, high precision data acquisition system is developed, including
signal amplifying, conditioning and isolating circuit. This microplate reader is compact with independent absorbance
and fluorescence modules, and scalable wavebands. According to experimental results, the reproducibility of
absorbance measurement is high with a standard error of 0.3% and the total 96 micro-wells can be detected accurately
within 10 seconds. The fluorescence detection has good linearity in the picomole concentration and the limit of
detection for sodium fluorescein is about 3.9 pmol/L. For synthetic biology automated foundry platform, this
microplate reader can be directly connected to the integration control system through serial port, and can also be

remotely controlled by TCP communication.

Detection analysis

Automated
foundry
platform

Data feedback

Keywords: microplate; automation platform; optical density; fluorescence detection
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Fig. 10 Neutral filter used for OD test
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oA JUAN K 4353099 0,008 0.006. -0.004. 1T
R AE A E RN, 8 7 R IR fE iR
7o MEIRZERBK AR AL, X6 AF B
KB 45 2R 7 R IE

B 1A — LA E RN, A FE AL 2 T8 ) 2=
FWTFEEE. XEEBE—RKE LN,
BEHLRE 86 7 #£ 96 LRk AL B, & LA
Al LA B A, AN ] SL AL F AR AL AR P AN T 1 1
FraAEk, S Rk 4, D& by vk O 22 [ A /)
T0.3%. J& S0 i Bt — DG il 2 AL AL, A

EREY:RUEES
ORI A R, 7R b I O R
FURE I SRS 8 G RO FEFRHEIE TR LA o AT A 2k
PR 2R VAT GBW(E) 130767-130774] #4774k
PEFEMR . A [FR BE RV 53 7 HX 100 pL in 32 B
AR A F LA, SGUER A 492 nm By, WOGSE
B AE P 3515 AVE S bR 22 RSD AN 5. £ 1440
G MW E 11 P, W6 77 1 y=0.2739x+0.0434,
A RER=0.9963. T EFKAA—FE, MM
WA TR T BRI S s v R 2 R
K, EWEREHET 1, L ERLT.

3.1.2

0.8

0.7

<
=)
T

OD values
I = o
w N Wi

<
S
T

e
=

1.5 2 2.5
Standard solution

B ASRJR B O B B AR R 2 L

A IR HE T ZR A 2 B AN A FLAL )R 2 Fig. 11 Linear fitting of different solutions OD test
F3 AFBAKIEOGEEN EAE
Table 3 OD values at different wavelength
ek 1 2 3 4 5 6 7 8 9 10 AVE RSD
405 nm 0.960 0.964 0.964 0.966 0.968 0.965 0.965 0.965 0.967 0.963 0.965 0.0022
450 nm 0.993 0.993 0.993 0.993 0.993 0.993 0.993 0.993 0.987 0.986 0.992 0.0027
492 nm 0.997 0.999 0.997 0.995 0.997 0.995 0.997 0.995 0.994 0.994 0.994 0.0016
630 nm 1.004 1.005 1.006 1.004 1.004 1.004 1.004 1.002 1.002 1.001 1.004 0.0015
F4 AFRFLABOCE N A
Table 4 OD values at different position
WK G2 G4 G6 G8 E2 E4 B2 B4 AVE RSD
450 nm 1.002 1.001 0.998 0.995 1.001 0.998 1.004 1.000 0.999 0.0026
RS A TE bR A RO B2 I A
Table 5 OD values for different standard solutions
1 2 3 4 5 6 7 8
FrifEdd 0.333 0.665 0.997 1.330 1.663 1.996 2.332 2.663
W =18 AVE 0.1062 0.2330 0.3332 0.4234 0.5164 0.5821 0.6543 0.7801
W &1 RSD 0.00017 0.00022 0.00030 0.00029 0.00036 0.00037 0.00072 0.00174
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3.2 S

RHRW AT, XRBATKARIEEN
MR (137627 EHlID s RER (H12)
TR 52 EAE MRS FE, 10 mmol/L ) NaOH b #E 15
TERMREEI . FERS TR mEE R T
FE. B, HEM. beth. WEES. NREK
BRCTHE, S8 eAa il 2 0 96 FLAR «

B2 FCHR R NE R

Fig. 12 Fluorescein solution

O] 0.5 mmol/L % Y 2 AN : A H 7 FF
HH0.301 g HRILFEM, 51600 mL ] NaOH ¥ K
Al G o EEZIEWRAE B, H NaOH ¥ AR m]
13 31 BT 75 W FE (VA

@M il pmol/L 7% Je 2 BN B BE VR . B 2
10 pL 17 0.5 mmol/L 1) % )6 2 85 W 5 4990 uL (1)
NaOH AR IE 415 3] 1 pmol/L FE W ; FoKs 10 uL
1 umol/L i ¥& ¥ 5 10 mL NaOH ¥ ¥ i B 75 3|
1 nmol/L WA, e 15X F B 15 21 500 pmol/L.
250 pmol/L 125 pmol/L . 62.5 pmol/L. 31.25 pmol/L.
15.625 pmol/L. 7.8125 pmol/L. 3.9063 pmol/L f}]
ST

@ H % Wk B 100 pL 9 AS [ e B 1R v 4
SN 96 FLAR , 3% SR & S KT HF 3 AVE Al
FrfEfw 22 RSD, &5 R An3E 6. AR 45 0 & (1)~ 25
EAT MRS, 1 R B P 1K) NaOH VA AR
DR REAE AR, A A PR 11 VA R DA 2 R BRERE A 11 4
G HHTE, WK 13, 4 2% R=0.9967,
29 B 7 BE 28 3.9063 pmol/L I, K IAE 5 B 1A

Ko TOCRME BN

Table 6 Detected values of fluorescein sodium

RN 1 2 3 4 5 AVE RSD

500 pmol/L  3.4706 3.4674 3.4709 3.4659 3.4647 3.4679 0.0028
250 pmol/L  3.3776 3.3729 3.3655 3.3739 3.3666 3.3713 0.0051
125 pmol/L 33187 33176 3.3108 3.3154 3.3125 3.3150 0.0033
62.5 pmol/L 32931 32819 3.2828 3.2847 3.2893 3.2864 0.0047
31.25 pmol/L. 3.2767 32738 3.2782 3.2736 3.2775 3.2760 0.0021
15.625 pmol/L 3.2618 32625 3.2688 3.2611 3.2659 3.2640 0.0032
7.8125 pmol/L 3.2526 3.2538 3.2550 3.2544 3.2561 3.2544 0.0013
3.9063 pmol/L 32516 3.2418 3.2449 3.2504 3.2522 3.2482 0.0046
NaOH AW 32351 3.2402 32443 3245 32455 3.2420 0.0044

0.25

=]
o — o
= O o

Detected values/mV

o
(=)
vy

£
0 50 100 150 200 250 300 350 400 450 500
Concentration/(pmol/L)

B13 et Lt il &

Fig. 13 Linear fitting of fluorescence detection

W NaOH PMEFIR, FEABIART MR .

BEAt, AN R FLAL FORS I R, RS
A B 100 WL A0 AH [R19 B2 3045 79 N 96 FLAR
WA R FLAL . A4 SRk 7, w LA B4 E (1
P ZE AN 3R 6 BRI, WAL S B 1) E A7 1% 22
SRR E AN R FLAL B 0 R G R A AT e
FINE R ZE, B PmNE. 58EmRE
PEEHIREE, HAh, AREBRENES. BN
B Xt R R F W, EFEE—P
S I UE R U HE S 5L

3.3 BatHIEFERIEHIR

SEIG R SR T B B A B8 G T 5 R AR AR B

R7 ARSI SR E

Table 7 Fluorescence values at different position

W Cl1 B19 A9 Al C3 ES F6 AVE RSD
WIHFE 6.5372 6.4458 6.4097 6.4591 6.5018 6.5274 6.5518 6.4904 0.0531
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s AL B 5 S FLAR RS I 2R 48, T LA SE BN AL
BRI R G4 il 1 e, SRR AR AR AR 4 TP
HhhE R SRR R A SRR, HUE 12 3 B
FURAS AT AL B, W 14Ca); 85, WU
FEKG 06 FLERIE BT R 48, WK 14(b);s Hh, K
P A AT ERAE I R ST G . F 140 BongE
B S B0 R 3% #ADSOO 1#3E 47 W FERG I, H Rl
SRS 2 R s A 576 o

3.4 SthtLiR

KRG —F & REA 2 DR IR
RO, AR S0 45 2R 5 w00 [ N SRR 3 AT 1k
RE L. [ A 2 T RE AL SR T AR SR %
ThRE N LD RE . WINRE R 2 ThAg. X HALS 2

PFf: SectralMax Mini {E N —Fh & 55 1 2 D

PR A, FEEH T RWOEMH Y. %% BioTek
Synergy H1 2 D RERT AL, K FOGHIEANIE S Fr i) 4
R &6, mTRUR DGR, RO E . 2Ok
A B[] 2r HER s . ARG Otk
BRET %, Thfgsi K. [E A K BEFR AR A ER A5
WROG R, 16 HUIE AL 2 7] 58 9 BK-EL10D 21 5
BEAT XL o DGR SO S A I M R L AR SR 8, W]
VL 21 [ A i b5 ACEE RO B2 Aar ) 07 T & & Bl [
HRIKF, HIDREAHNT B —, BAHERFOL. Kb
RIS R . A RGEHR AL A, 2 —
P TR IS, RO FE s RS B2 AE 0~
2.0 Ju N EF, ARGk I R B W] PLIK 3] pmol/L
g, HHEAMOZ GRS O R, H
FEAS I VG B 7 T IS frdg . £ B LA A T 1

=3

(a) DB F23) (b) ML TECE ALK (c) BRI B R T
(a) Robot arm is moving to (b) Robot arm is placing microplate (c) Interface of integrated control software
microplate reader
14 EHLT AR
Fig. 14 Remote controlled by automated integration platform
X8 FLBR AT BE HLER
Table 8 Performance comparison of microplate readers
LA P TE 2 R SR 43
SpectraMax Mini K W3l (0D): 0~4.0 REUE: 1 pmol/L TAHRA 21
% Ty RemE b A R #:<1%, OD 0~3.0
BioTek Synergy H1 FHAEE(0D):0~4.0 RAFE :0.25 pmol/L(IE I 1) E=I7
% ThREFLAR A 43 ™! 1R 72<1%, OD 3.0 2.5 pmol/L .4 pmol/LOGH )
L AR TR AR | 1 PG :0~4.5 o TR KA
BK-EL10D Bhsfd ™ ZkMEyEE(OD):0~3.5
HENE:<0.2%
R Z<+0.01, OD 0.0~1.0
% #£<+0.03, OD 1.0~2.0
A RGRIAL 5 YE H (OD):0~3.0 REYPE :3.9 pmol/L(F G R HN) HeOIFI, R L

BEEM:<03%
1R Z5<+0.01, OD 0~2.0

TCP SIS = 7%
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