Summary
Escherichia coli alkaline phosphatase (AP) containing two disulfide bonds
(Cys170-Cys180, Cys288-Cys338) was expressed in an insect cell-free
protein synthesis system derived from Spodoptera frugiperda 21 (Sf21)
insect cells. It was expressed with soluble and active form in the insect
cell-free system without a reducing agent. The in vitro synthesized AP
was purified by means of Strep-tag attached to the C-terminus.
Approximately 40 µg of the purified AP was obtained from 1 ml of the
reaction mixture. Furthermore, the determination of disulfide bond
arrangements of the purified AP by MALDI-TOF MS indicated that it
had correct disulfide linkages. Thus, the functional and structural
analyses revealed that synthesized protein had correct disulfide
linkages.

Results
Expression of AP in insect cell-free system
mRNA prepared from plasmid a pTD1-strep-AP carrying AP gene was
translated in the insect cell-free system with or without addition of
DTT. Analysis of the synthesized proteins were carried out using
FluoroTectTM (Promega Co.). The synthesized proteins were separated
by centrifugation (15000rpm, 15min), and soluble and precipitated
fractions were analyzed by 12.5 % SDS-PAGE and fluoroimager (Fig.
1A). The synthesized proteins were almost in the soluble fraction
under reducing and non-reducing conditions. The protein synthesis
efficiencies were similar to each other. However, phosphatase activity
was detected strongly in the AP synthesized under non-reducing
condition (Fig. 1B). These results suggest that the AP synthesized in
the insect cell-free system without a reducing agent has correct
disulfide bonds.
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Introduction

Results

Many proteins encoded in the genomes have disulfide bonds that play important roles
in stabilization of native structures. Thus, the determination of disulfide bond
arrangements of proteins may provide insights into their folding and function.

(A) Fluorescent detection

In this study, we describe that translational conditions for E. Coli alkaline phosphatase
(AP), which contains two disulfide bonds, as a model protein. We succeeded in
synthesizing AP with soluble and active form. Furthermore, the determination of
disulfide bond arrangements of the purified AP by MALDI-TOF MS
indicated that it had correct disulfide linkages.

Determination of disulfide bond arrangements by MALDITOF MS
To determine of disulfide bond arrangements, the purified AP was
treated by three following conditions : type1; reduced alkylation,
type2; alkylation, type3; without treatement, and then digested
overnight with trypsin.
Tryptic peptides derived from the purified AP were analyzed by
MALDI-TOF MS. Spectra patterns of these samples were almost
identical except for cysteine-containing peptides. Approximately 93%
of sequence was covered (date not shown).
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The functional and structural analyses revealed that the synthesized
protein under non-reducing condition had correct disulfide linkages.
To our knowledge, this is the first report to describe both the
synthesis of a disulfide bond-containing protein in insect cell-free
system and the analysis of its disulfide bond arrangements by mass
spectrometry.
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After reaction, samples(T) were centrifuged at 15000 rpm for 15
min to separate soluble (S) and precipitated (P) fractions. The
pellet was resuspended in original volume of distilled water.
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Fig. 1. Cell-free protein synthesis of AP under reducing or non-reducing condition.
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Fig. 2. SDS-PAGE analysis of purified AP
and the yield from 1mL reaction mixture.
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One unit of alkaline phosphatase was defined as the amount of
enzyme that released 1 nmole p-nitrophenole per 1 minute
at 37 °C in Tris-HCl buffer (100 mM, pH 9.8).
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In the case of type 1, specific peaks were clearly observed at the m/z
value of 2097.05 (Fig. 3A), 2240.16 (Fig. 3B) and 2523.15 (Fig. 3C).
These peptide peaks were considered the peptide fragment containing
carbamidomethyl-cysteine(s).
On the other hand, these peptide peaks were not observed in the case
of type 2 and 3. Instead, specific peaks were observed at the m/z value
of 1980.97 (Cys170-Cys180) (Fig. 3A) and 4649.03 (Cys288-Cys338)
(Fig. 3D). These peptide peaks were considered disulfide-linked
peptide fragments. Furthermore, any peaks derived from wrong
disulfide linkages were not detected.
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Purification of AP and its enzymatic activity
The synthesized AP under non-reducing condition was purified with
affinity column chromatography and checked by SDS-PAGE (Fig. 2).
The AP was detected as a single band in the gel with molecular mass of
about 49 kDa. The yield of purified AP was approximately 40 µg from
1 ml of the reaction mixture. The phosphatase activity of the purified
AP was analyzed and shown in Fig. 2.
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However disulfide bonds are unlikely to form during cell-free synthesis because the
reducing agent such as dithiothreitol (DTT) is added to the buffer for the preparation
of cell extract. A reducing agent is required for preserving the protein synthesis
activity of extract during storage and the translational reaction in conventional cellfree systems.
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Fig. 3. MALDI-mass spectra of cysteine-containing peptides.

*Average mass

