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Abstract: Proinsulin (Pins) is the precursor of insulin. The expression of proinsulin in Escherichia coli forms inclusion
body, so that the recombinant protein should be processed with multiple steps to form active insulin. With the development
in biotechnology, cell-free protein synthesis (CFPS) system is becoming a valuable tool in protein expression by decoupling
the cell growth with protein production, which allows it to express proteins that would interfere with cell physiology. In this
study, we synthesized soluble proinsulin in CFPS system in order to establish a new approach for both insulin expression
and delivery. The soluble proinsulin was successfully expressed in CFPS system by fusing proinsulin with two types of
fluorescent protein. The expression of Pins-mCherry was confirmed by Western blotting analysis, and the Pins-eGFP titer
was (12.28+3.45) pg/mL in CFPS system. These results implicated that the proinsulin was expressed partially in soluble
form. Here, for the first time, we successfully expressed soluble proinsulin in CFPS system by fluorescent protein fusion.

These results provide useful information in developing new insulin expression and delivery method.

Keywords: cell-free protein synthesis, proinsulin, fusion of fluorescent protein, solubility, protein folding
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Table 1 Primer sequence
Primer name Primer sequence (5'-3")
F1 GTCGCATATGTTTGTTAATCAACATTTG
R1 CCAGAAGCTTCATTAATTACAATA
F2 CGGCATGGACGAGCTGTACAAGTAACCGCTGAGCAATAACTAGCA
R2 CTCACCATAGGACTAGGACTACTACAACTAGGATTACAATAATTTTCCAATTGATAAAG
F3 GAAAATTATTGTAATCCTAGTTGTAGTAGTCCTAGTCCTATGGTGAGCAAGGGCGAGGA
R3 AGGGGTTATGCTAGTTATTGCTCAGCGGTTACTTGTACAGCTCGTCCATGCC

Note: the underlined sequences represent restriction site.
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Fig. 1 The overall process of insulin production in E. coli and the schematic view of CFPS insulin production
(A) The process of producing insulin in E. coli. (B) The design of CFPS based insulin production.
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Fig. 2 Schematic view of constructed recombinant plasmids. (A) Construction of proinsulin expression plasmid
pYHI. (B) Construction of recombinant plasmid pYH2 for expression of mCherry-proinsulin chimeric protein. (C)
Construction of recombinant plasmid pYH3 for expression of eGFP-proinsulin chimeric protein.
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Fig. 3 PCR amplification result of pins and 11.7 kDa
confirmation of pYHI1. (A) PCR amplification of pins
gene. M: DL2000 DNA marker; lane 1: PCR product of
pins gene. (B) Confirmation of recombinant plasmid (
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FZEMEHLHRK pYH1. (C) MELBRATANRSRREHRN pYH2 BIBGYIIGIE.

Fig. 4 PCR amplification result and confirmation of pYH2. (A) PCR amplification of mCherry gene. M: DL2000
DNA marker; lane 1: PCR product of mCherry gene. (B) PCR amplification of pYH1. M: 1 kb DNA marker; 1: PCR
product of pYH1. (C) Confirmation of recombinant plasmid pYH2 by Nco I digestion. M: 1 kb DNA marker; lane 1:
products from recombinant plasmid digested by Nco I .

A B
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1 000
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Fig. 5 PCR amplification result and confirmation of pYH3. (A) PCR amplification of eGFP gene. M: DL2000 DNA
marker; lane 1: PCR product of eGFP gene. (B) PCR amplification of pYH1. M: 1 kb DNA marker; 1: PCR product
of pYHI. (C) Confirmation of recombinant plasmid pYH3 by Nco I and Cla I double digestion. M: 1 kb DNA

marker; lane 1: products from recombinant plasmid double digested by Nco | and Cla I .
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6 CFPS 3Ri& eGFP BYESMERMAEM (1: A
EBERZRHKL: 2: CFPS SR~ 1))

Fig. 6 Synthesis of eGFP in CFPS. 1: the negative
control without plasmid; 2: eGFP synthesized in CFPS.
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M: FiEA marker; 1: B BERE RN
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Fig. 7 Synthesis of proinsulin in CFPS. M: prestained

protein marker; lane 1: the negative control without

plasmid; lane 2: supernatant of CFPS reaction; lane 3:

precipitate of CFPS reaction.

kDa 1 M 2
50—
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8 CFPS 3%i% Pins-mCherry EHHAJ Western
blotting 7 #7 (M: TiEHIEH marker; 1: BAMEXT
BBEARERH: 2: CFPS Ri&F=4))

Fig. 8 Synthesis of Pins-mCherry in CFPS. M:
prestained protein marker; lane 1: the negative group

containing no plasmid; lane 2: products synthesized in
CFPS.
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Fig. 9 The standard curve of Pins-eGFP concentration
and fluorescence intensity.
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