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Low Temperature Cell-Free Protein Synthesis to Improve Solubility of
Aggregation-Prone Proteins
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Escherichia coli cell extract-based cell-free protein synthesis (CF) can quickly express proteins with least
procedures. This feature is advantageous for life science and pharmaceutical researches. Human proteins,
which are often targeted in pharmaceutical researches, can be aggregation-prone and difficult-to-express in
standard CF conditions. Protein expression at a low temperature is regarded as an effective technic to
improve solubility of such proteins. However, conventional CF does not operate well at lower temperature,
thus results in lower protein yield. In order to fix the problem, we focused on function of a cold shock protein,
CspA, to flex undesirable mRNA structures. We found that a CF fortified with CspA dramatically improved
protein yield and its soluble yield at low temperature range (4-23°C). This novel CF technology will

accelerate basic life science and pharmaceutical researches that target difficult-to-express proteins.
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Fig. 1 Outline of cell-free protein synthesis kit, Musaibo kun

2. #M#

2.1 CspAZ 2R BOHS

k%%m%cwmlﬁch&yﬂygammw
POA9X9) # 22— N9 2 BB T2 BETAMRITE VM
WL, $y7 7o —=7125 Y pCR2.1-N11-CspA 7
TAIREHGZ, Zhafile LT, Eijar o

7 EAER T E MW T NI11-CspA Z 37 B a2 AR L
7o NI1-CspA Z NI BE XV T 7 4 =7 4 KL, %
TEWE, A A RWT T AR, Ny T — X E
RCHEEL CspA & L /8y B 21872,

22 FHERZ VRNV EDREE
—MREIRET N Z N E UTRREBEDE S R
[ A e
L Tt b adenylate kinase isoenzyme 1  (hAK1, UniProt:
P00568) & t K phosphoglycerate kinase 1  (hPGKI,
UniProt: PO0558) & #E L, ¥ /37 BEm MO &
L T pGFPSI, pCR2.1-N11-hAK1 $ X T* pCR2.1-N11-
hPGK1 & ZEN T Y,

'& (GFP, green fluorescent protein) ,

23 BURNVEBEER
MM & 2 R BARIT 30, ImL b L<IiZ9mL
A=V DOBHECTHER LT 7,

3. ErEH

3.1 CspARmU-EMBE VNI EERROENE

T, CspA ZEHM LML X R0 B AR
DOEAM 2B E D 720, KA RIRE (4-30°C),
&FE CspA AN (0-1.5ug/ul) 2B WT, 18 B
DBNE LD AR EIT o GADET NV E v
N7 GFP O& 2% A L7 (Fig.2), GFP %%
DOEEEROEGREZ R CTRGICERARETH L



K5 HEERER No.39 (2020)

W, BN RARENOFTEIHEL TWD,

TEHER 2 A RRIERE 30°CITB W TIE, CspA DN
WCEDAMENDORBIIZEAER NN oT2R,
ZFALLLT DIREE Tl CspA DI FEEAFIINT A &N
WK L7z, HFIT 20, 23CI2RWTIE, HMRAABEET
HV, 1pg/pLCspA Ll EIRINL7Z54E1C 30C & A%
DERBERELNT, 8,12,16CIZB VT, Moty
72 GFP DA EIL 30CHOZNITKITRNEDD,
CspA B IIKTFE LRl s iz,

—_
QU
-

3.E+09
- I
30°C
"é T’ﬂ o
S #23°C
2
£ 20°C
(V]
e =16°C
(]
2 %12°C
g
o 8°C
=]
T “+4°C
0 0.5 1 1.5
CspA (pg/uL)
(b)
6.E+07 1~
Z >[
2
8 4.E+07
£ %12°C
g 8°C
S 2.E+07 +4°C
g
]
3 ettt
L b
0.E+00 T T 1
0 0.5 1 1.5
CspA (pg/uL)

Fig. 2 Effect of CspA addition on GFP synthesis yield at
various temperatures. (a) GFP yield is represented as
fluorescence intensity. (b) Magnified view of low

fluorescence region (0—6E+07 FI) of (a).
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Fig. 3 Effect of CspA addition on relative GFP synthesis
yield at various temperatures. (a) GFP yield relative to
that without CspA, calculated from Fig.2a. (b) Magnified
view of low yield region (0—200%).
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Fig. 4 SDS-PAGE of CF reactions at various temperatures
and various CspA concentrations. Green and yellow
arrowheads represent the band of GFP and CspA,

respectively.
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Fig. 5 Time-course of GFP production with or without

CspA at various temperatures.
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Fig. 6 Effect of CspA addition on hAK1 and hPGKl1
synthesis. (a) SDS-PAGE of CF reactions at various
temperatures with and without CspA. Lane T, total
fractions; lane S, soluble fractions. Red, blue and yellow
arrowheads represent the band of hAKI, hPGK1 and
CspA, respectively. (b) hAK1 yield relative to that of total
CspA at 30°C quantified by

densitometry of the bands on (a).
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Fig. 7 Stability and activity of hAK1 and hPGKI1
synthesized by CF. (a) Protein thermal shift assay. (b)

Kinetic parameters.
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