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Table 1 The interaction of pAS2-1/CIKS 151-574 and AD/library plasmids determined by yeast two-hybrid

. . AD/library plasmids AD/library plasmids AD/library plasmids cotran-formed
AD/library plasmids No. self-activation control cotran-formed with pAS2-1 with pAS2-1/CIKS 151-574

1 - - +

2 - - +

3 - + +

4 S - +

5 = + +

6 - - +

7 - - +

8 - - +

9 - - +

10 . + +

11 - + +

12 - - +

13 . - +

2 BLAST
Table 2 Result of BLAST
AD/library plasmids No. ~ GenBank No. Name of sequence Function Homologous region Identity/ %

1 BC013311 RIKEN ¢DNA 473340F03 Unknown 577 - 998 100
4 NM-016619 PLACS Unknown 139-573 100
6 NM-001253 CDC5L Cell cycle regulation pre-mRNA splicing 1843 - 2301 100
7 M34081 SnRNP smB Pre-mRNA splicing 310 - 761 100

Inhibits BCL-XL-mediated protection against
8 NM-006427 CD27BP Siva-1 32-478 100
UV radiation-induced apoptosis

9 BC014844 DVI2 Unknown 1159 - 1723 99
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Screening of New Binding Partners of CIKS with Yeast Two-hybrid System

HUANG Guo-Jin'  ZHANG Zhi-Qing'*~  YAO Li-Hong'" CHEN Ai-Jun' XU Chun-Xiao'
ZHU Hong-Jian' CHAI Ying-Shuang' YAN Xin-Rui'  JIN Dong-Yan' 2

' State Key Laboratory of Molecular Virology and Genetic Engineering Institute of Virology
Chinese Academy of Preventive Medicine  Beijing 100052  China
2 Department of Biochemistry ~The University of Hong Kong Hong Kong  China

Abstract The NF-kB transcription factor plays important regulatory roles in inflammation apoptosis immune and stress re-
sponses. IkB kinase IKK composed of two catalytic subunits and a regulator subunit acts as a key component of NF-«B activa-
tion pathway through phosphorylation of kB the inhibitor of NF-kB. CIKS connection to IKK and SAPK  a newly identified
cellular protein is involved in NF-kB and JNK activation. Although it has been known that CIKS interacts with IKK complex

and activates both IKK and SAPK when overexpressed the underling mechanisms are poorly understood. To better understand
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the physiological roles of CIKS we have screened human HelLa MATCHMAKER ¢DNA library for new binding partners of CIKS
by using the yeast two-hybrid system with truncated CIKS 151-574 as the bait. The yeast strain AH109 was sequentially trans-
formed with the bait plasmid and the library. The transformants were screened on SD -Leu/-Trp/-His/-Ade/ + X-a-gal selective
plates. Positive clones were restreaked on SD -Leu/-Trp / + X-a-gal plates three times to allow loss of some of the AD/library
plasmids while maintaining selective pressure on both the DNA-BD and AD vectors. After 3 screenings on SD -Leu/-Trp / + X-
a-gal  the positive clones were further verified on SD -Leu/-Trp/-His/-Ade/ + X-a-gal plates. The inserts in AD/library plas-
mids were amplified by PCR and PCR products were characterized by HaeIll digestion to eliminate the duplicates. After screen-
ing in selective plates the positive AD/library plasmids were rescued via transformation of . coli HB101 and the interactions of
CIKS 151-574 with positive AD/library plasmids were further assessed by yeast two-hybrid analysis. Finally the DNA se-
quences of the positive AD/library plasmids were determined and BLAST analysis against the databases was performed. The
BLAST results indicate that the inserts in the positive plasmids encode RIKEN ¢DNA 473340F03 PLAC8 CD27BP Siva-1
CDCSL  SnRNP smB and DVI2. CDC5L is a key component of the multi-protein complex essential for the formation of pre-mR-
NA splicing product and is not required for spliceosome assembly. A role for CDC5L in the cell division cycle has been precious
suggested as its overexpression of this protein in mammalian cells leads to a shortening G2 phase of the cell cycle and a nega-
tive-dominant mutant of CDC5L lacking the N-terminal activation domain delays the G2 phase cell’ s entry into the mitosis. It has
been reported that SnRNP smB participates in pre-mRNA splicing and CD27BP  Siva-1 binds to and inhibits BCL-XL-mediated
protection against UV radiation-induced apoptosis and regulates T cell homeostasis. The functions of RIKEN ¢DNA 473340F03
PLAC8 and DVI2 are unknown. It has been suggested that CIKS functions as a critical component for cross-talk between NF-«B
and JNK signaling pathways. IKK subunits which have been demonstrated to interact with CIKS were not shown up in this ex-
periment. We speculate that the truncated CIKS 151-574  bait may not contain the binding domain that mediates the interaction
of IKK subunits with CIKS. Taken together the above results suggest that CIKS may play a role in cell regulation through inter-

acting with various cellular proteins. Further investigations are required to characterize these interactions.

Key words CIKS Hela ¢cDNA library yeast two-hybrid screening Protein-protein interaction NF-«B
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Biosynthesis of Poly 3-mercaptopropionate and Poly
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with Recombinant Escherichia coli
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Abstract  Polythioesters newly emerged as a type of novel polymer and they have showed great potential for application in indus-

tries. In this study genes of butyrate kinase

3-hydroxybutyrate

the polythioesters. When 3-mercaptopropionate and 3-hydroxybutyrate were fed poly 3-mercaptopropoinate
poly 3MP-co-3HB

poly 3-mercaptopropionate-co-3-hydroxybutyrate

buk and phosphotransbutyrylase pib

from Clostridium acetobutylicum and poly

PHB synthase gene from Thiocapsa pfennigii were used for construction of a metabolic pathway to synthesize

poly 3MP  and

were synthesized by recombinant Escherichia coli JM109

pBPP1  harboring the constructed metabolic pathway. Results indicated clearly that all these genes are necessary for the synthesis

of poly 3MP  and poly 3MP-co-3HB .
Key words poly 3-mercaptopropoinate

Sulfur-containing polymers are of interests for industries because
of their excellent optical and thermal properties as well as electrical
conductivity ! . Several sulfur-containing polymers such as polythio-
carbonates  polythioethers  polythioesters and polydisulfides have
been synthesized chemically > and also by plasma polymerization * .
Only very recently sulfur-containing polyesters originated from biologi-
cal synthesis were obtained. Takagi et al reported the accumulation of
polyhydroxyalkanoate with a thiophenoxy side group by Pseudomonas
putida when 11-thiophenoxy undecanoic acid was used as sole carbon
source * . Poly 3-mercaptopropionate- co-3-hydroxybutyrate  poly
3MP-c0-3HB  was obtained from Ralsionia eutropha when 3-mer-
caplopropionate or 3 3’-thiodipropionate was provided in the cultural
media > . Up-to-date this is the only known member of polythioes-
Fig. 1 . How-
ever the R.euiropha could not produce homopolythioester e. g.

poly 3MP

ters that contains thioester bonds in their backbone

as the enzymes to form the precursors of poly 3HB
could not be depressed in the cells ¥ .

The biosynthetic pathways of these sulfur-containing polyesters
were regarded to be identical to the synthetic pathways of poly-
hydoxyalkanoate PHA in the bacteria like R. eutropha. The find-
Poly 3HB

ing that poly 3-hydroxybutyrate synthase of R. eu-

Received 10-18-2002
* Corresponding author. Tel 86-10-62527118 Fax 86-10-62652317

biosynthesis  butyrate kinase phosphotransbutyrylase poly hydroxyalkanoic acids
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Fig.1 Structures of poly 3-hydroxybutyrate A
poly 3-hydroxybutyrate- co-3-mercaptopropionate B

and poly 3-mercaptopropionate  C

tropha catalyzed the formation of poly 3MP-co-3HB extended its
substrate spectrum and also indicated that this enzyme is capable of
catalyzing the formation of a thioester bond. Genetically engineered
recombinant E. coli strains carrying defined synthetic pathways for
accumulating various PHAs exhibit some advantages in synthesizing
different PHA molecules. Besides poly 3HB
3HB- co-3-hydroxyvalerate ~ poly 3HB-co-3HV ’

poly 4HB poly 3HB-co-4HB °
terpolymer of 3HB 4HB and 4-hydroxyvalerate were accumulated in

polyesters like poly
poly 4-
hydroxybutyrate and even

recombinant E. coli cells® . In this paper we present that the
recombinant £. coli JM109 pBPP1 accumulated poly 3MP and
poly 3MP-co-3HB  when 3MP and 3HB were provided. Studies al-

so indicated that the accumulation of these polyesters clearly relied

E-mail  shuangjiang @ hotmail . com
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on the presence of butyrate kinase phosphotransbutyrylase and PHB

synthase genes.

1 MATERIALS AND METHODS

1.1 Bacterial strains and cultivation

E. coli IM109 harboring pBPP1 was constructed previously ' .
Briefly the plasmid pBPP1 was created by two steps First a 4.4 kb
genomic fragment of Clostridium acetobutylicum containing the bu-
tyrate kinase and phosphotransbutyrylase genes buk and ptb  was
cloned into pBR322 at its BamH | site resulting plasmid pJC7.
Second a2.8 kb EcoR 1 DNA fragment of Thiocapsa pfennigii con-
taining the PHB synthase gene phaEC  was cloned into the pJC7 at
its EcoR I site resulting plasmid pBPP1. Recombinant E. coli
cells were cultivated in M9 medium at 37°C with 1% of glucose and
0.05% of NH,Cl. 3-MP and 3-HB at different concentrations were
supplemented as indicated in the text.
1.2 Effect of 3-MP on growth of E. coli

50 mL of M9 medium in a 250-mL flask was inoculated with
0.5 mL pre-culture cultivated for 24 h in M9 medium and cultivation
was conducted at 37°C 200 r/min. 3-MP was added to the cultures at
indicated times. Growth of cells was monitored with a Kletometer.
1.3 Accumulation of polythioesters

For accumulation of polythioesters 1 L medium in a 3-L flask
was inoculated with 10 mL of precultures. 3-MP was added to the cul-
ture at the late exponential growth phase. Cells from 1 L culture were
harvested by centrifugation 5000 g for 10 min and washed with sa-
line once. Centrifugation was repeated and the collected cells were
lyophilized. For determination of polyester content in cells 5~ 7 mg
lyophilized cells were methanolized in the presence of sulfuric acids
and the resulting methyl esters were determined by GC ! .
1.4 Isolation and analysis of polyesters by gas chromatography
and GC/MS

Polythioesters were extracted from lyophilized cells with hot chlo-
roform in a sealed 20 mL glass tube. After 4 h incubation extracts
were filtered and polymers were precipitated in 10 times volume of
ethanol. 1 ~2 mg of polymer was undergone for methanolysis. 3-MP-
methyl ester was identified by GC "' and GC/MS? .
1.5 Determination of molecular weight

The molecular weights of purified polyesters were estimated by
gel-permeation chromatography GPC  relative to polystyrene stan-
dards. Analysis was performed on four styragel columns connected in
line in a Waters GPC apparatus. Samples were eluted with chloroform

at a flow rate of 1.0 mL/min and at 35°C

were monitored by a Waters 410 differential refractometer.

and the eluted compounds

1.6 IR spectroscopic analysis
The IR spectra of the isolated polymer were recorded with a Fou-
rier transfer spectrometer IFS28  Bruker . The samples were dis-

solved in CHCl; and deposited as a film on a sodium chloride disk.

Identification of characteristic adsorptions of samples were performed

as described before ° .

2 RESULTS

2.1 Effects of 3-mercaptopropionate on the growth of E. coli
and accumulation of poly 3MP in cells

3-MP is toxic to most organisms because of its strong reducing
ability and interference to the metabolic reactions in cells. Exposure
of 3-mercaptopropionate of concentrations above 0.4% to cells in the
cultural broth completely inhibited the growth of E. coli. As indicat-
edin Fig. 2 0.1% of 3-MP affected the growth significantly. How-
ever we found that step-wise feeding to the cultures could reduce the
toxic effect on cell growth. The toxic effects of 3-MP on cells could
also be minimized after cells had reached high concentrations in cul-
tural broth. If 3-MP was fed after 9 h or 12 h cultivation in M9 me-
dia accumulation of poly 3-MP occurred Table 1 .

Table 1 Accumulation of poly 3MP in recombinant
E. coli JM109/pBPP1"

Cultivations 1 2 3 4

Addition of 3-MP No addition Oh 9h 12 h

Poly 3MP % of CDW 0 0 12.2 16.8

* Cells were cultivated in 300-mL flasks containing 50 mL of M9 media
at 37°C 200 r/min for 60 h. 0.1% of 3-MP and 0.4% of 3-MP were add-
ed to cultures as indicated in the Table. Lyophilized cells were analyzed by

GC.

600+
500
400+
3004
200+

Optical density

100

0 3 6 9 12 24 36 48
Incubation time/h

Fig.2  Effect of 3-mercaptopropionate on the growth of E. coli
O.0.1% of 3-MP at the beginning @. No addition of 3-MP A
0.2% of 3-MP after 9 h cultivation 4. 0.2% of 3-MP affter 12 h cultiva-

tion

2.2 Buk Ptb and PhaEC genes are required for incorpora-
ting 3-MP into polymers
In order to confirm that the accumulation of poly 3MP  was
initiated by Buk Ptb and PHB synthase and to confirm the syn-
thetic pathway of Poly 3MP  E. coli cells containing the respec-
tive genes on plasmids were examined for the accumulation of poly
3MP . Results Table 2 clearly indicated that all the three genes
were necessary for the synthesis of poly 3MP . This indicated that
the synthetic pathway of poly 3MP  were the same as described

previously °  Fig. 3 .
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Table 2 Accumulation of poly 3MP in E. coli
cells harboring different plasmids " " -
SMCTCHP LRI OTI
Strains Poly 3MP  content % of CDW ATP o
IM109/pJC7 o T o Dt
JM109/pPhakC 0 P B
ADP geen
JM109/pBPP1 10.2 N .
emereapoprominy| phosplhiale
* Cells were cultivated in 300 mL flasks containing 50 mL of M9 media .
at 37°C 200 r/min  for 60 h. 0.2% of 3-MP were added to cultures after 12 . :;Etﬁ":':
h pre-cultivation. Lyophilized cells were subjected to GC analysis. pJC7 L -
pPhakC and pBPPI contain the buk and ptb PHB synthase genes and all phosphate 4=
the three genes respectively.
2.3 Accumulation of homo-and hetero-polythioesters 3-mercaptopropoinyl-CoA Cod
During experiments we found that cells accumulated various
polythioesters depending on differently feeding strategies. When only
3-MP was fed at the exponential stage of growth poly 3MP was
accumulated in cells. When 3-MP and 3-HB were co-fed at the ex- hi
ponential stage of growth heteropolyesters of 3-MP and 3-HB were Paly[3-mureatopraponale)
accumulated in cells Table 3 . Moreover the molar content of the
. . Fig.3 Engineered pathway for biosynthesis of poly 3MP
synthesized heteropolymers depended largely on the ratio of 3-MP to
3-HB applied to the cultures Table 4 .
Table 3 Accumulation of homo-and hetero-polythioesters in E. coli cells”
Substrates and feeding times
Molar ratioes
No. 0h 16 h 40 h 65 h Polymer content/ %
3-MP 3-HB
3-MP 3-HB 3-MP 3-HB 3-MP 3-HB 3-MP
1 - 0.01% - 0.01% — - - 15.8 3-HB only
2 0.1% - 0.01% - - 0.01% - 6.7 3-MP only
3 - 0.01% 0.1% 0.01% 0.1% 0.01% 0.1% 24.3 173
4 - 0.01% 0.1% - 0.1% - 0.1% 18.6 18/1
* The cultural conditions were the same as Table 1. Exception is the addition of substrates indicated in the table.” —" No feeding.
Table 4 Synthesis of heteropolythioesters of various ratios of 3-MP to 3-HB”
Substrates Polymer contents
Cell yield/ g CDW /L 3MP 3HB Mw
3HB/ % 3MP/ % Total/ % 3MP/ % 3HB/ %
1 0.05 0.1 0.43 18.5 10.1 8.4 1.2:1 8.5x 10°
2 0.05 0.2 0.34 16.0 12.4 3.6 3.3:1 1.1x10
3 0.05 0.4 0.13 15.5 13.6 1.9 6.9:1 ND
4 0.05 0.6 0.10 16.3 14.8 1.5 9.5:1 ND
5 0.05 0.8 0.10 10.0 8.9 1.1 7.8:1 ND

* Cultivations were conducted in 300 mL baffled flasks. R-3HB and 3-MP at indicated concentrations Table 4 were added after 10 h cultivation. Cells were

harvested after 48 h cultivation.

2.4  Characterization of polythioesters by GC-MS IR and
GPC

GC analysis of cells cultivated in M9 media and supplemented
with 3-MP at exponential growth stage indicated a peak with retention
time of RT = 8.54 min. When both 3-MP and 3-HB were supple-
mented to the cultures an additional peak at RT = 9.14 min that

was identified previously as 3-HB methyl ester appeared Fig. 4 .

The polymer was isolated from the cells and purified by repeated pre-

cipitations in ethanol. Purified polymer was subjected to methanolysis
and GC-MS analysis. The peak at RT = 8.54 min was identified to
be 3-MP-methyl ester Fig. 5 A and B . In addition S-methylmer-
captopropionic acid methyl ester was also detected as indicated by
the peak at retention time of 10.55 min Fig. 5A . Molecular
weights of two copolymers were determined by GPC to be 8.5 x 10°

and 1.1 x 10*. Tt was found that the molecular weights of hetero-
colymppsecreaserlias: then IMP2ingredients- dncreasedna Bable 4 on
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The IR spectrum of poly 3MP  confirmed the thioester bond linkage
of the C=0 group at 1674 em™" . Besides the adsorption at this po-
sition a second adsorption at 1408 cm™' appeared and this band
need to be identified Fig. 6 .

3MP methyl ester

&«
3HB methyl ester

8
=
3
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2
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<
Retention time/min
Fig.4 Detection of 3-mercaptopropionate methyl ester
and 3-hydroxybutyrate methyl ester by GC
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Fig.5 GC/MS analysis of poly 3MP  from recombinant E. coli
The purified polymer was hydrolyzed by methanol in the presence of sul-
furic acid and the methyl esters were separated by GC A . The mass

spectrum of the 3-MP methyl ester is presented B

Vol. 19
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Fig.6 IR spectrum of poly 3MP  from recombinant E. coli

3 DISCUSSION

For the first time a genetically engineered pathway for biosyn-
thesis of 3MP-containing polyesters has been established in E. coli.
Besides poly 3MP-co-3HB

3MP  was also synthesized by this recombinant E. coli. This study

homopolyester of 3-MP i.e. poly

indicated that the enzymes butyrate kinase phosphotransbutyrylase of
C. acetobutylicum ~and PHB synthase of T'. pfennigii took 3-MP
3MP-phosphate and 3MP-CoA ester as substrates respectively. Con-
sidering the previous finding that PHB synthase of R. eutropha cata-
lyses the formation of 3MP-containing polyesters we conclude that
PHA synthases are more catalytically versatile and can initiate the for-
mation of both oxoester and thioester bonds of polyesters.
Homopolythioesters may have unique properties and meet specific
requirements to materials. We found that poly 3MP are difficult to
be extracted from lyophilized cells by hot chloroform compared to
poly 3HB or poly 3HB-co-3-HV . The extracted polyester had very
limited solubility in chloroform or acetone. Their chemical and physi-
cal properties have been recently characterized ¢ . The potential ap-
plications of poly 3-MP are needed further to be revealed and eva-
luated  and large amounts of polymers are needed for such studies and
evaluations. The ready-to-use technologies of E. coli fermentation
would be great help for obtaining large quantity of polythioesters from

recombinant E. coli cells as having been proved in an independent

publication ® .
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