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Tangential flow filtration-assisted ELISA for detection of botulinum toxin type A in human serum
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Abstract:  Objective To establish tangential flow ultrafiltration (TFU) -assisted ELISA for enhancing the sensitivity of botulinum
toxin type A (BoNT-A) detection in human serum. Methods TFU was employed to separate and purify BoNT-A from serum samples.
The effects of various parameters on toxin extraction efficiency were systematically investigated to optimize the ultrafiltration condi-
tions, including membrane material (including modified polyethersulfone, polyethersulfone, and mixed cellulose ester) , hollow fiber
inner diameter, molecular weight cut-off(MWCO) , membrane surface area, feed flow rate, transmembrane pressure (TMP, including
24.13 kPa, 134.45 kPa, and 189.61 kPa) , and circulation rate. The optimized ultrafiltration pretreatment protocol was methodologi-
cally validated and subsequently integrated with ELISA for the detection of low-concentration botulinum toxin type A in clinical serum
samples.  Results Modified polyethersulfone exhibited the best extraction efficiency for botulinum toxin, reaching 79.17%, which
was significantly higher than that of the other two membrane materials (P<0.05). The highest recovery rate of botulinum toxin was
achieved at a transmembrane pressure of 134.45 kPa. Influent flow rate, circulation rate, hollow fiber inner diameter, molecular
weight cut-off, and membrane surface area had no significant effect on extraction efficiency (P>0.05). Methodological validation showed
that the recovery rate of the established TFU-assisted ELISA for detecting BoNT-A in human serum ranged from 90.0% to 105.0%,
with a coefficient of variation below 10%. When applied to clinical serum samples, TFU-assisted ELISA detected low-concentration
BoNT-A that were undetectable by conventional ELISA alone. Conclusion This study successfully established a TFU-assisted
ELISA method for the detection of BoNT-A in human serum. This approach significantly enhanced the detection sensitivity of conven-
tional ELISA for low-concentration BoNT-A, offering a reliable and efficient technical platform for accurate quantification of trace
BoNT-A in clinical serum samples.
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Table 1 Key performance parameters of hollow fiber membrane columns with different materials and specifications

bl LSy W > T (kD) AR (em) ER M (em?)
M-PES C02-E030-10-N 30 20.0 13~20
C02-E030-05-N 30 20.0 13~20
C04-E030-05-N 30 415 26~59
€02-E0100-05-N 100 20.0 13~20
PES €02-P030-10-N 30 20.0 13~20
MCE €02-M030-06-N 30 20.0 13~20
€02-M030-10-N 30 20.0 13~20

1 : M-PES, Bri: B EER ; PES, BEEEI ; MCE , 1B-A 27 4E =g .
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BUSURRY R M-PES.PES . MCE 3 F A [A] 44 i fiY
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Table 2 Effect of different membrane column materials on the content of botulinum toxin A in serum samples

- - AR RERE RS (U/mLL) _ 5 e 2Ry miiEs
1 2 3 X+ (%) (%)
M-PES €02-E030-10-N 79.92 74.21 83.39 79.17+4.64° 5.9 79.17
PES €02-P030-10-N 64.46 62.94 69.78 65.733.59 55 65.73
MCE €02-M030-10-N 50.19 43.48 51.70 48.46+4.38 9.0 48.46

1 M-PES, SCPE R EBEI; PES, BB MCE VR A 2748 K TR ; 5 PES B 5 L MCE #4543l Eb 48, " P<0. 05,

2,12 ARREIHZs Y ARt M EREA b A 8 N 2275
RPN HRSEAE , BN A4
PIAE T A B R AR BUSOR B . SC8G vk IR A
214 Z 15 (C02-M030-06-N, C02-M030-10-N) 5 i
P B kR (C02-E030-10-N, C02-E030-05-N) ¥ il

AT 0 28 2 A IR L™ 4 ol A A B O T
A B MR ARG S e — 3 4
TR IR R AN [R) 21 4 9 42 00 JB R o P 74 25
B AEWR R LG EE X (P>0.05,
W23).
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Table 3 Effect of different membrane fiber inner diameters on the content of botulinum toxin type A in serum samples

P 2 FHENi ABIN# R (UmL) ARAR AR
(mm) 1 2 3 XS (%) (%)
MCE €02-M030-06-N 0.63 45.38 49.08 52.61 49.02+3.62 7.4 49.02
€02-M030-10-N 1.00 50.19 43.48 51.70 48.46+4.38 9.0 48.46
M-PES C02-E030-10-N 1.00 79.92 74.21 83.39 79.17+4.64 5.9 79.17
C02-E030-05-N 0.50 81.54 77.63 73.72 77.63+3.91 5.0 77.63

1 :MCE , R4 £7 4k £ 1 ; M-PES, Bt R B ; [7]— 1 TR [R] P A2 2 1) A 89 P 225 280 1 B 5 ke 3, P>0. 05,

2.1.3  AEEE D TEX MEREARP A B ERER
PGSR HARS RS 2 A 6 A
[ B o X R BB R AR . 2T ik
SEIGCE R (2.1.1) , Thas 4 4 AT P M-PES M I A
T4 FARABEBSFENNBIEARATARNASEEZSENTM

Table 4 Effect of different molecular weight cut-offs on the content of botulinum toxin type A in serum sample

JoT, FA S B T8 45 4 AR A 3 5 2 1 R
HRAATE] . 45 FL W], M-PES fi4 2 Fh % 83 2 7 5% 1fiL
T B A P B335 3R 2R IIOR 25 5 0 i 4k (P>
0.05, W5 4).

o WA T ABIHFR AL (U/mL) RRE R
(kD) 1 2 3 X+S (%) (%)
C02-E030-05-N 30 81.54 77.63 73.72 77.63+3.91 5.0 77.63
C02-E0100-05-N 100 70.82 85.91 79.47 78.73+7.57 9.6 78.73

TE - PIZELIA] A R P 375 R BRI B LA, P>0. 05

2.1.4  R[FEIBEFEHE A ML REA A RN TR R
BUSCR g HARSHE G A B R R
TR A 75 2 R A BCGSCR 52 . 2T LR sess
GEL | Has o 2 R PR R M-PES S b R, £ 4k
RS o AR AR R) i AE RE E  h BUA

— 5, G5FERI, M-PES 8 /N [) 3 1 R 1 775 5%
PIREA T R B B R AR IICR 22 R RG24 2 (P>
0.05, W3 5) , {H 2 B3 i AR 1 v 28 21 i A R
FLA B 1 R 7 2R e
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Table 5 Effect of different membrane surface areas on the content of botulinum toxin type A in serum samples

2 s i B AN R R WS (U/mL) _ ARRZH AR
(em?) 1 2 3 XS (%) (%)

C02-E030-05-N 13~20 81.54 77.63 73.72 77.63+3.91 5.0 77.63
C04-E030-05-N 26~59 78.93 80.03 84.13 81.03+2.74 2.7 81.00

T PIZELIE) A B Y 252 R R B LE A, P>0. 05

2.1.5 ORRIBEE R M AR N BB R ARG TR A S8 . G5 R R, HAL R 5 24
Wsgm Ak — 2L e Ul ) A I R B R [ 58 ANAE A ) 2E I e X AL i 355 R AR v PR 7 B
EHURFE I, 1% F M-PES (780 5- C02-E030-05- N)PFJI R INAPUICR T 03 22 7 (P>0.05, WK 6) , MBS
JO B R 25 28 2 R X 1L 3 R B AR TR R B SRS [ SR 4 70%

6 ARAAFRENMBEEARPARNASTSEZSEN N

Table 6 Effect of different influent flow rates on the content of botulinum toxin type A in serum samples

R ATYRFEFE R (U/mL) s B Z R ] i %
[L/(min-m?)] 1 2 3 XS (%) (%)
4 80.01 74.85 68.84 74.57+5.59 7.5 74.57

5 67.81 73.26 76.26 72.44+4.28 5.9 72.44

6 76.07 75.32 69.22 73.54+3.76 5.1 73.54

e LA A BN R R R R LR, P>0. 05,

2.1.6  A[RIESEER2ZEXT M h A BN R RE R AR AL Hih 2 2 R 25 5 134.45 kPa 1 189.61 kPa i Rl 50 3248
R HALRGE S AR, B 5[] 5 ﬂsﬂﬁﬁ 1B 2 e 1 5 i 22 (189.61 kPa) 23 5
FEZXFMEFEAR P NG EROAERGCR ., 450E WESERENBECREIR(LET).

W, 5 K 22 24.13 kPa B, [ 35 5 10 BISCRAL T

KT FRABEEEXNNEFEADARASERSENZM

Table 7 Effect of different transmembrane pressures on the content of botulinum toxin type A in serum samples

S I 2 A TN R R WSE (U/mL) 5 S 2R [ i 2%
(kPa) 1 2 3 XS (%) (%)
24.13 67.57 70.67 64.76 67.67+2.96 4.4 67.67

134.45 78.32 82.42 86.39 82.38+4.04 4.9 82.40
189.61 74.49 79.58 83.67 79.25:+4.60 5.8 79.25

TE - —4LIA) A R PR RE R IR B RO ER, P>0. 05

2.1.7  ASEEIR R AT M7 v A T N FE B R AR HURL F 9PN, N7 R I G 3 K 25~75 mL/min Xf
Wy FAE, Hofh 285 808 B A, 45 1 A PO TC I 52 (P>0.05, L% 8) .

R8 ARBEAREEXNMBEFAPARASSESENZI

Table 8 Effect of different circulation rates on the content of botulinum toxin A in serum samples

(3 Es AR A (U/mL) L FS O

(mL/min) 1 2 3 X+S (%) (%)
25 74.57 73.35 67.81 71.91+3.60 5.0 7191
50 75.51 74.10 70.16 73.26+2.77 3.8 73.26
75 76.16 71.19 80.57 75.97+4.69 6.2 75.98

T« =2 Ia] A R 3 RE R W RO ER, P>0. 05
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221 ZME VR KEINRR AR ST R o 2R b
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U/mL WA 1 mL, IR BETR ST, 28 U0 ) 3t 6 s
AE HAE 450 nm PR AL OGRS . A YR BEE R UK
JEAE 6.25~100 U/mL 3t 4, AV B Ry i AR b, XS
KA R TR D R LA R R y=—0.584 3x+
3.071 8,R*=0.990 7, &M R Rif. DIBAMF-34ME
(2.1 45040 B 0.221 A 2R, T LAAS ) A T A 75
FHEMKIIR K 6.25 UmL, 4474 73 257
10% LAT , W20 RS %5 2 R AP (LR 9) .
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Table 9 Performance parameters for the detection of botulinum toxin type A by tangential flow ultrafiltration using modi-

fied polyethersulfone hollow fiber membrane cartridge

) AR RERE R & i (U/mL) AR S 2R
W =
1 2 3 X=S (%)
100 U/mL 2.636 2.513 2.578 2.576+0.062 24
50 U/mlL 1.738 1.909 1.883 1.843+0.092 5.0
25 U/mlL 1.265 1.273 1.296 1.278+0.016 1.3
12.5 U/mL 0.652 0.641 0.639 0.644+0.007 1.1
6.25 U/mlL 0.265 0.242 0.255 0.254+0.012 4.5
[ELEanid 0.116 0.111 0.118 0.115+0.004 3.1
222 EEVE WETEMP R EE VRGP MR R RS A R 3k, Hogs Rl T

(IR O E T A N1 S =W =K X053
Forp (A % B AT T % 4%, HAE M R — 44
AT A BN 34N /K- (12.5,25, 50 U/mL) () A Rl
TRV B R FE S o3 2R A T 3 W A I ke A o HE A
JEE 38 2 I 5 AR R B R B AR B
SEATIAE 3 UK, FEARYE FT ISR BEA T, iR 58
NFR ISR (%) =[ FRIAE SR B (U/mL) xFf#
FES AR (2 mL) /A 4G $ A (200 U) 1x100%.
(] A 25 T 0] phy V9 4 RGN 53 2 S7 45 43 S |k

AR S ZBCV) BT PR I EA R . CV (%)=
(FRUELE/IME ) x100%

SERANFE 10 11 fizs , A B A 32 5 K Y [l
¥IHF 90.0%~105.0%, CV /N F 10%., R4 CICH A4
Yo B kB uEdE S IR ), 2 PR CV<10% .
]IS AE 90%~110% 35 1B P r ()4 25 B 2K CV<
15% , Ui B2 J7 325 (A 5 52 1 R B R4, v (B)RS 2%
JERFEER .

F10 MMERBWAPZAERET@OBRECNAZASESZINESUERESER
Table 10 Repeatability and accuracy results for the detection of botulinum toxin type A by tangential flow ultrafiltration
using modified polyethersulfone hollow fiber membrane cartridge

K g AR R S PRIAERE (UmL) AFRER (AR

(U/mlL) 1 2 3 X+S (%) (%)

M 50 53.42 51.20 50.64 51.75+1.47 2.8 103.5

25 23.89 2521 25.86 24.99+1.00 4.0 100.0

12.5 12.63 11.88 11.22 11.91£0.71 5.9 95.3

e R 50 51.86 47.92 48.95 49.58+2.04 4.1 99.2

25 24.27 27.27 24.93 25.49+1.58 6.2 102.0

12.5 11.51 12.82 13.38 12.57+0.96 7.7 100.6

223 ImRIMEEFEA ARG AR O SR ik 8, I 134.45 kPa 5 iR 22, HoA 280 18 e A

B 23 27 4 i A (35 CO02-E030-05-N) 7] 4] 7t #

AR ] 4 2 75 B e PR ALV REAS HEAT A B P BE 2 R
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Table 11 Intermediate precision results for the detection of botulinum toxin type A by tangential flow ultrafiltration using
modified polyethersulfone hollow fiber membrane cartridge

TRV A TY N B35 2R S PR E R 3 (U/mL) AFREER [EleR
(U/mL) 1 2 3 4 5 6 X+S (%) (%)
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Table 12 Detection results of botulinum toxin type A in clini-
cal serum samples by different detection methods
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