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High level expression of recombinant horseshoe crab factor C
enzymogen and its application in endotoxin detection
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China

2 State Key Laboratory of Applied Microbiology Southern China, Guangdong Provincial Key Laboratory of Microbial
Safety and Health, National Health Commission Science and Technology Innovation Platform for Nutrition and
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Abstract: [Objective] To develop a low-cost and highly sensitive endotoxin detection reagent and
detection method with recombinant horseshoe crab factor C enzymogen (rFC). [Methods] The Bac-
to-Bac baculovirus expression system was used to express rFC in Sf9 cells and the activity of rFC
was measured by the end-point fluorescence assay with endotoxin. The conditions of protein
expression were optimized, and ion exchange was used for crude enzyme separation. An endotoxin
detection method with rFC based on end-point fluorescence assay was established after the reaction
conditions were optimized. Furthermore, the established method was compared with the
conventional limulus amebocyte lysate (LAL). [Results] The expression level of rFC was
110.42 mg/L, increasing by 4.75 times. The linear range of endotoxin detection was
0.005-1.000 EU/mL in 1 h, with a good linearity and the limit of detection being 0.005 EU/mL.
The applicability rate of this method for actual samples was 92.45%. The consistency of the
detection results was 83.67%, and 89.80% of the samples had consistent detection limits with LAL.
[Conclusion] This study achieves the efficient expression of rFC and establishes an endotoxin
detection method with higher sensitivity than LAL, which has great potential for application.
Keywords: baculovirus expression system; recombinant horseshoe crab factor C enzymogen;
endotoxin detection
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1 ME5FE
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/5l % pFastBacl BRI R IAFF R H ) ARE
Bh2E B A W 5T B s KW T TR 2% 52 25 41 g
DH10Bac 11 1 b 5% 1 28 B Br A= 9 3 R A BR
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EHEEEE CL-6B, bt &R ERHEA R A ;
Lipofectamine 3000, ZE#k Qi /REME AR N
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BREAHK, BT ZEREYARAR,; &
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PR ATIR A

BioTeK/Cytation 5 #ff Jifd 1 £ 1ol £L Al A I 5=
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1, WA TR A FRA A
1.3 E ¢H %% FE [k fu pFastBacl-Not I-
CrFC21-Kpn INHESEE

TF NCBI Wi T 2% 8] B 16 % (Carcinoscorpius
rotundicauda) 1] % C + fif J5&. DNA ¥ %
CrFC21 (&350 S77063.1), Il T AW T
TR e A PR w58 R G . LAG LY
S P Y MR, 514 P1/P2 ##1T PCR 9
B4, PCR JZ WK Z& (50 pL): 2xPhanta Max Mix
(P515) 25 pL, L. TFUESI ¥ (10 pmol/L) 4%
1 uL, DNA #4% 1 pL, ddH,O 22 uL., PCR %
IS 94 °CHIZZPE 5 min; 94 °C7EHE 10 s,
60 °CiR 'k 10's, 72 °CHEfH 3 min, It 35 -1
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P2 {5555 LIAH R MOT J& Y41, K537 4 d J53K
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Table 1 PCR primer sequence

EIL/E S S1YIFF51

Primer names Primer sequences (5'—3")

P1 ATTTGCGGCCGCATGGTCTTAGCGTCG

P2 CGGGGTACCTCAAATGAACTGCCTAATC
CATGA

P3 CGGATTATTCATACCGTCCCACCAT

P4 GATCCAGACATGATAAGATACATTGATG

P5 CCCAGTCACGACGTTGTAAAACG

P6 AGCGGATAACAATTTCACACAGG
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3 081 bp

E2 ELRFLEEFhipFastBacl-Not I-CrFC21-Kpn IWEFEE. A: PCRY YiNot I-CrFC21-Kpn 1 (JKiEM:
DL5000 DNA marker; Jkif1: NotI-CrFC21-Kpn1); B: ® 4% JfikipFastBacl-Not 1-CrFC21-Kpn 11 14
PEPCRYSE (JKiEM1: DL5000 DNA marker; yKiE1: PCRZS XTI ; JkiH2: pFastBacl-ZS#fik; JKiE3:
FHE sl ; VkiEM2: DL15000 DNA marker); C: XU 56 iE (JkiEM1: DL5000 DNA marker; ki 1:
pFastBacl-%5%%; Jkif2: pFastBacl-Not I-CrFC21-Kpn 1; kif3: Wi pFastBacl-25#%; Jkif4: W)
pFastBac1-Not I-CrFC21-Kpn 1; JkiEM2: DL15000 DNA marker).

Figure 2 Construction and identification of pFastBacl-Not I-CrFC21-Kpn 1. A: The amplification of Not I-
CrFC21-Kpn 1 by PCR (Lane M: DL5000 DNA marker; Lane 1: Not I-CrF'C21-Kpn 1); B: The identification of
pFastBacl-Not I-CrFC21-Kpn 1 (Lane M1: DL5000 DNA marker; Lane 1: The negative control of PCR; Lane 2:
Negative for pFastBacl-Not I-CrFC21-Kpn 1I; Lane 3: Positive for pFastBacl-Not I-CrFC21-Kpn 1; Lane M2:
DL15000 DNA marker); C: The identification of pFastBac1-Not I-CrF'C21-Kpn 1 by enzyme digestion (Lane M1:
DL5000 DNA marker; Lane 1: pFastBacl; Lane 2: pFastBacl-Not 1-CrFC21-Kpn 1; Lane 3: The enzyme
digestion of pFastBacl; Lane 4: The enzyme digestion of pFastBacl-Not I-CrFC21-Kpn 1; Lane M2: DL15000

DNA marker).

i B P A (Bacmid-7Z5 2%) ok 5 €0 (161 3A). Pkt FH
PE VO R AR AT 7% PCR %5, ELPHME vaRE
& (Bacmid-CrFC21)7E 5 400 bp v B 177 H 19 5%
iy, BB e B AR TG H Y 55 (18] 3B). $REL
L PH M T R A AR TORE , 43S0 R AT XD S R A
— R B IE . B PHAE T B AR Bk Bacmid-
CrFC21 7£ 3 071 bp HA HZ4 (K 30), )7
g5 R 5 W —E0, R E AR R SR
Bacmid-CrFC21 ## 3
2.3 EEFMFIRFE ACMNPV-CrFC21
B AR 1) P2 ARAF R 6 B 12 U SO 41 Jifd
27 °CH5F% 96 h J5 76 W ilU5E N LS . AR BEAFFIR
BRI AL R . AOEEE(E] 4A); BEFTAIR
I T A7 Y 00 A I M I L TEVR L O RE
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21 6 ) B AR S L A R 2 A A s AR B 4
(Kl 4B, 4C). HAFFRWEE ACMNPV-CrFC21
£ 5 400 bp 7 7F H B9, 1l ACMNPV-75 #
(BFAER)TE 310 bp AA4E H A&, 18 SO 4iifif
Jos&A (K 4D), RWIEA =Yy SO 4 i i 520
FRARSEHE WUk ACMNPV-CrFC21 #1412 .
2.4 BEEMEE

HAEEBIGYERN EA % C N E A7 7E
THEAMIRETE ACMNPV-CrFC21 55553
(B SA), ZEAASMER. AR L
51T SDS-PAGE %7, HAeKm T =AH
116 kDa ([l 5B), 4 DTT AbB, )5 —mist s
WEELERN 43T, 435k 80 kDa () H 5% A1 36 kDa
(R EE(E] 5B).
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A

310 bp

E3 EEFRFEEZHEBacmid-CrFC2IRIMETIEE . A: EHFRMRE B Bacmid-CrFC211 BT
s B: BHPEFEAL T IETEPCRYE (JKIEM: DL5000 DNA marker; Pkii1: PCRZS[1; Jkili2: Bacmid-25
#; UKIE3. 5. 6: Bacmid-CrFC21; ykili4, 7: fRFHYE, JCBacmid#fA); C: FPIRJEEE MU E
(VKiEMI1: DL5000 DNA marker; JKiE1: Bacmid-CrFC2IXL§Y]; FKiE2: Bacmid-25 WG] ; WKk 3:
Bacmid-%5#%; ykiti4: Bacmid-CrFC21; ykKiEM2: DL15000 DNA marker).

Figure 3 Construction and identification of recombinant baculovirus vector Bacmid-CrFC21. A: The blue-white
spot screening assay for Bacmid-CrFC21; B: The identification of positive transforming colonies by PCR (Lane
M: DL5000 DNA marker; Lane 1: The negative control of PCR; Lane 2: Negative for Bacmid-CrF'C21; Lanes 3,
5, 6: Positive for Bacmid-CrFC21; Lanes 4, 7: False positive for Bacmid-CrFc21); C: The identification of
Bacmid-CrFC21 by enzyme digestion (Lane M1: DL5000 DNA marker; Lane 1: The enzyme digestion of
Bacmid-CrFC21; Lane 2: The enzyme digestion of wild Bacmid; Lane 3: The non-enzyme digestion of wild
Bacmid; Lane 4: The non-enzyme digestion of Bacmid-CrFC21; Lane M2: DL15000 DNA marker).

25 RERIAEMN 2.6 WLER
R ) 3 ik B 1) 6t 2 20 8 C P il JE T M L W B HA S VG 4 4 (B 7A) I R

S A N =]} “AL‘;\ [ > i ‘#/4 “AL‘»“ - j %]']‘.O
HREI, e 240 R Rk, e S0 KD EISBUG IR 17 R v A
5 RS PE B (9 2° 413 84T SDS-PAGE,  HAR

RISy 84 h (] 6A). 5 MOI>50 I ALAL % W JFE 447N 116 kDa, iR J5E A H A 80 kDa [
C NTmgRkiki 2R AR, HiRMd MOI=5 &4 i1 36 kDa i 4 (I TB). B 114l EE 4 N
(K 6B). 50%, FKikHEh 110.42 mg/L.
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00 b

310 bp

El4 FJEFRFZFRACMNPV-CrFC2IFIEFIEE. A: IEHSOMM; B: ACMNPV-EF A BIFFIRGG
TRYSOAIM; C: ACMNPV-CrFC2IAPIRIHER YL SO ; D: FRHRIGREPCRIGIEGKIEL: PCRZ [ ;
VKiE2. SPOANME; JKih3: ACMNPV-EFAHY; Jkii4: ACMNPV-CrFC21; yiKiEM: DL5000 DNA marker).
Figure 4 Production and identification of recombinant baculovirus ACMNPV-CrFC21. A: Sf9 cells without
infection; B: Sf9 cells infection of wild ACMNPV; C: Sf9 cells infection of ACMNPV-CrFC21; D: The
identification of ACMNPV-CrFC21 by PCR (Lane 1: The negative control of PCR; Lane 2: Sf9 cells without
infection; Lane 3: Sf9 cells infection of wild ACMNPYV; Lane 4: Sf9 cells infection of ACMNPV-CrFC21; Lane
M: DL5000 DNA marker).

A sor B
aslt *kx P<0.001
) NS P>0.050
40
35 kskk
~ 29[ I 1
S 30t —
ey
525
B 20r
< st
1.0
0.5r
0.0
1 2 3 _— R
Supernatant Lysate Deal without DTT Deal with DTT

Es5 FHHECEHFEHELE. A: HAHCHTFEEREMHSEE: SO; 2: ACMNPV-wild; 3: ACMNPV-
CrFC21); B: H 4% CIN ¥} it SDS-PAGE /> F & % F (YK 1: Sf9; JKkif2: ACMNPV-wild; Jkif3:
ACMNPV-CrFC21; JKiEM: 180 kDa plus prestained protein marker).

Figure 5 Identification of recombinant horseshoe crab factor C enzymogen. A: The activity assay of
recombinant horseshoe crab factor C enzymogen (1: Sf9 cells without infection; 2: Sf9 cells infection of wild
ACMNPV; 3: S cells infection of ACMNPV-CrFC21); B: The molecular size of recombinant horseshoe crab
factor C enzymogen by SDS-PAGE (Lane 1: Sf9 cells without infection; Lane 2: Sf9 cells infection of wild
ACMNPYV; Lane 3: Sf9 cells infection of ACMNPV-CrFC21; Lane M: 180 kDa plus prestained protein marker).
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A B
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Figure 6 The expression optimization of recombinant horseshoe crab factor C enzymogen. A: The effect on the
expression of recombinant horseshoe crab factor C enzymogen by time; B: The effect on the expression of

recombinant horseshoe crab factor C enzymogen by MOI (The expression time is 84 h).

A 4.50 Enzyme volume=3 pL B 1 M 2 kDa
' 116 kDa—> e S8 il
3.50F ) — 4 < 80kDa
< 3.00 - L 55
x 250r _— —40
E 2.00F <——36 kDa
% ’ —_— —35
el —_— —25
1.00 |
0.50 . LY
. J L 1 —15
co2?® . L ®gg . \ \ . ; o
0.00 0.05 0.10 0.15 020 025 030 0.35 040 0.45 0.50
¢(NaCl)/(mol/L)

E7 BEHECETFEFEMHERR. A: AFNaCIHkEX HEHECH THIFAEIRACE; B: 4ifui#HSDS-
PAGE (JKiE1: dEifJRA; JkiB2: dJF%Y; JKiEM: 180 kDa plus prestained protein marker).

Figure 7 The gradient elution of recombinant horseshoe crab factor C enzymogen. A: The effect on gradient
elution of recombinant horseshoe crab factor with NaCl; B: The SDS-PAGE of purified horseshoe crab factor C
enzymogen (Lane 1: Non-reduced type; Lane 2: Reduced type; Lane M: 180 kDa plus prestained protein marker).

27 EIEEREMERMY P Fe 25 (] 8C); YT >6 pL I HL i Pk 5k 5

T2l % C PAFHIRE pH 7.50 B pigim ks (1 8D ZR EFTIA, SR I N K A2 pH 7.50,
(€] 8A); 7E NaCl ¥ JE K 0.20-0.30 mol/L Hf i~ NaCl0.20 mol/L, ZEIEH 90 pmol/L 1 6 uL Al
PR (8] 8B); DEGIIMITE 90 pmol/L AT (BRI 1.422 pg/200 pL).
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Figure 8 The optimization reaction of recombinant horseshoe crab factor C enzymogen. A: pH; B: NaCl; C:

Fluorescent substrate; D: Enzyme volume.
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Figure 9 The establishment of endotoxin detection method. A: The sensitivity assay of this study; B: The
sensitivity assay of commercialization kit; C: The linearity of endotoxin detection is 0.005-5.000 EU/mL; D: The
linearity of endotoxin detection is 0.005-1.000 EU/mL.

R2 BEEMERELR

Table 2 Comparison of precision and accuracy

Endotoxin This study LAL Commercialization kit

(EU/mL) Precision (%)  Accuracy (%) Precision (%)  Accuracy (%) Precision (%)  Accuracy (%)
0.005 5.92 85.11 9.50 69.60 8.40 38.72

0.010 3.88 88.63 1.13 92.20 12.82 49.89

0.050 2.50 93.47 1.58 70.48 5.13 43.99

0.100 4.95 93.41 1.26 63.46 4.10 7791

0.500 3.52 96.59 0.20 80.50 6.14 84.92

1.000 1.21 99.03 0.50 88.20 7.92 88.55

5.000 3.76 83.82 1.53 65.88 2.76 99.21
2.9 AR HE(FE 10). AJPEAHTRIBK ., 246 1]

W FREE ST N BRI . whachr RERE . BERFIFEAS . CEWH] AR A B N
FEAMATINAGE 3), FFSELGIIATRRER R, EHAR 92.45% (B 10A). i T &N
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xRI HRLE
Table 3 Sample summary

Sample Sample

classification

Dialysis water Hemodialysis solutions®, hemodialysis replacement fluid®, the inlet of reverse osmosis water, the outlet of
reverse osmosis water, the backwater outlet for reverse osmosis water, the terminal of reverse osmosis water®

Drug Sulfamethazine sodium®, dexamethasone®, raffinose’, dressings®

Injectable amino  Arginine hydrochloride, glutamate, isoleucine, leucine, phenylalanine, proline, serine, threonine, tryptophan,

acids” tyrosine, valine, arginine, lysine acetate, cysteine hydrochloride, asparaginate, glycine, cystine

Medical Auminium foil bag, medicinal low-density polyethylene bag, inner package material

consumables’

Biological B-nicotinamide mononucleotide, nicotinamide adenine dinucleoside!, nicotinamide’, polysaccharidek

products

Food Tap-water', pure water™, drinking purified water", natural mineral water”, yogurt”, oral liquid™

o ORAE AR IETEETT I BB AT ALY & R BE T O IR 2k W FIE R ARIA YT (CRRT) IR A I FELR B R 60 11 5 <
RAE A B RE DK B R GERIA N A 4 IS E R BRA ) o WM ERZDARAR: . NsEiiasE
PIRHE RS IR E s & IR AEDRHABRA T " T8I E S mRIR A FRA R il KU R A PR A
Fls e PR TR (R A BRA T S ARSI SRR L AR ARFEREN AR, ™ AR AR =
FaiK; " T

% Collected from the dedicated sampling port of the clinically running hemodialysis machine; ®: Collected from the online
replacement fluid delivery port of continuous renal replacement therapy (CRRT) equipment; ©: Collected from four critical locations
of water treatment system in hospital; d, Shanghai Jixiang Biological Technology Co., Ltd.; ¢: Hunan Yuxin Pharmaceutical Co.,
Ltd.; : Inner Mongolia Changhui Biotechnology Co., Ltd.; & Shandong Nameide Biological Technology Co., Ltd.; ": Wuxi Jinghai
Amino Acids Co., Ltd.; - Nantong Fenglong Biological Technology Co., Ltd.; i: Aladdin Reagent (Shanghai) Co., Ltd.; X The
polysaccharides extracted in our laboratory; B Tap water collected from different floors of our laboratory; ™: Grade 3 pure water

collected from different floors of our laboratory; ": Commercially available products.

A B C i,
ow
[ Available [ Consistency | High
Il Unavailable Unconsistency Consistency
9 6.12%
7.55% 1633% 4.08%
92.45% 83.67% 89.80%

E10 FEHCEFEFYUMRIE. A: &EHE; B: KIEIE; C: KR .
Figure 10 Equivalence verification of recombinant factor C method. A: Applicable rate; B: Comparison of

detection values; C: Comparison of detection limits.
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