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Abstract — The effects of growth temperature and nutritional components on the synthesis of
poly-3-hydroxybutyric acid, PHB, by filamentation-suppressed recombinant Escherichia coli XL1-Blue
(pSYL107) were studied. After culturing XL1-Blue(pSYL107) for 48 hours in complex medium
at 30T, 741 g/l of PHB could be obtained with the PHB content and PHB yield of 82% and
0.371 g PHB/g glucose, respectively. Lower concentration of PHB(3.2 g/l) was obtained when cultu-
red at 37C, which seemed to be due to the instability of this strain having amplified FtsZ activity.
The PHB concentration of 3.75 g/l was obtained after culturing 60 hours in R medium supplemen-
ted with 20 g/l glucose at 30, which was more than twice higher than that obtained with XL1-
Blue(pSYL105). This suggested that the enhancement of PHB synthesis by suppressing filamenta-
tion was more significant in a defined medium than complex medium. PHB synthesis could be
further enhanced by supplementing a small amount of various complex nitrogen sources. When
5 g/l of beef extract was added to a defined medium, PHB concentration, PHB content, and PHB
yield obtained after 60 hours of cultivation at 30C were 7.46 g/I, 86%, and 0.375 g PHB/g glucose,
respectively.
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Fig. 1. The time profiles of cell mass, PHB and residual
cell mass concentrations during flask culture of XL1-
Blue (pSYL107) in LB containing 20 g/l glucose at

37°C.
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Fig. 2. The time profiles of cell mass, PHB and residual

cell mass concentrations during flask culture of XLI-

Blue (pSYL1€7) in LB containing 20 g/! glucose at
30°C.
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Fig. 3. The phase contrast micrographs of (A) XL1-
Blue (pSYL107) and (B) XL1-Blue (pSYL105) cultured
for 36 hours in LB containing 20 g/! glucose at 30°C.
White shining inclusions are PHB granules, Bars rep-
resent 10 pm.
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Fig. 4. The time profiles of PHB content during flask
culture of XL1-Blue (pSYL107) in LB containing 20
g/l glucose at 30 or 37°C.
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Fig. 5. The time profiles of the yields of PHB and
residual cell mass on glucose during flask culture of
XL1-Blue (pSYL107) in LB containing 20 g/l glucose
at 30 or 37°C.
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Fig. 6. Cell mass, PHB and residual cell mass concent-
rations obtained after culturing XL1-Blue (pSYL107)
for 60 hours in a defined medium with or without supp-
lementation of varions complex nitrogen sources.

The abbrewiations are: Trptone, tryptone; Y.E. yeast
extract; Casam. A. casamino acids; Cot. S.H., cotton
seed hydrolysate; Beef E., beef extract; Cas. Hyd., ca-
sein hydrolysate; Collg. Hyd., collagen hydrolysate;
CSL, corn steep liquor; SBH, soy bean hydrolysate;
No CNS added, no complex nitrogen source added.
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Fig. 7. The PHB content obtained after culturing XL1-
Blue (pSYL.107) for 60 hours in a defined medium with
or without supplementation of various complex nitrogen
sources.

The abbreviations are the same as in Fig. 6.
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Fig. 8. The yields of PHB and residual cell mass on
glucose obtained after culturing XL1-Blue (pSYL107)
for 60 hours in a defined medium with or without supp-
lementation of various complex nitrogen sources.
The abbreviations are the same as in Fig. 6.

Blue(pSYL107) % shull %) 9} E§tA o] AEf H
7}5! #l x|oll M+ filamentation®] <FZF Loyl
7 olc}. 22Jv} filamentatione] oyt cell fraction}
filamentation®] A X+ XL1-Blue(pSYL105)& #+-&
o Zjoll A wfekl-g wHco} X A glcK(datae e}
2] 9398, o]% Al FtsZ RS 7HA| 2 sl =

filamentatione] Yot 7L whrwh Rt Agke]
FAAde] Hrlg x|l M= 5§l xje} v]E3}o]
FitsZe] wralo] Hejil filamentations $+# 3| <4
32 2g7] o2 Alegxc) A9 filamenta-
tiong ol AE A Foexn AL A3 PHB
FAES A dden, 53] Arle] o
v ) ofl 3= XL1-Blue(pSYL107)e] XL1-Blue(pSYL
105) 3¢} SFul o]AFe] PHBS 34, 4% + Ut

2 o

Filamentatione} Alsl Q373 HAF XL1-Blue
(pSYL107)ol] 2]3F PHB 3tAlA] vl ofg- =2} edofi-o]
o} )= od 82 od-Fsheich XL1-Blue(pSYL107)S &
ghul] 2], 30C ol A} 48417 wl<} & 7.41g/l PHBS <
< 4 9l old PHB &=k &2 717} 82%¢<}
0.371 g PHB/g glucose® v$- =gkth 12v} 37C

619

ol A wjekAlE HFH FtsZ A4 xe] EAJ0 8 g
45 BalyA dIe PHB %+ 32g/l54 ©
Folohk PHB §44ds &b Adbe el r]o| A &
ey Fxore] 20g/d H7Ee R wl A, 30T ol 4]
604 7F w] ek % 3.75 g/l PHBE 1o] o]+ filamenta-
tione] doiih= XL1-Blue(pSYL105)2] ulj kol <}3)
odojzl 1.8 g/i¥ e} 7ol o)A o) ohgh EihA
A1) &k 3Hrlell o8 PHB 458 8 342
T qlglen £35] 5g/2] beef extract H71A] dei Rl
PHB &x, &= 482 Z+7t 746 g/l, 86%, 0.375¢
PHB/g glucose® w§-§ ¥k},

Latel 2

r}m

A9 3o glo} dmE wgg FA
g3t Aed uhabda) AT g AL E @
shsb7] & Qell b= ek

I. Anderson. AJ. and E.A. Dawes. 1990. Occurrence,
metabolism, metabolic role and 1ndustrial uses
of bacterial polyhydroxvalkanoates. Microbiol.
Rev. 54: 450-472.

2. Byrom, D. 1987. Polymer synthesis by micro-
organisms: Technology and economics. Trends
Biotechnol 8. 246-250.

3. Lee, S.Y. and H.N. Chang. 1995. Production of
poly-(hydroxyalkanoic acid). Adv. Biochem. Eng.
Biotechnol In press.

4. Kim. B.S.. 8.Y. Lee, and H.N. Chang. 1992. Pro-
duction of poly-B-hydroxybutyrate by fed-batch
culture of recombinant Escherichia coli. Biotechnol.
Lert. 14: 811-816.

5. Lee. S.Y. and H.N. Chang. 1993. High cell density
cultivation of Escherichia coli W using sucrose as
a carbon source. Biotechnol Letr. 15: 971-974.

6. &A1, A8 ol f’::}"”é 1994 *B*r-ffH 3 :11 Z} poly

45-52.

7. Lee. SY., KS. Yim, HN. Chang, and Y.K
Chang. 1994. Construction of plasmids, estimia-
tion of plasmid stability., and use of stable plas-
mids for the production of poly(3-hydroxybutyric
acid) in Escherichia coli. J. Biotechnol 32: 203-211.

8. Lee. S.Y., KM. Lee, HN. Chang, and A. Stein-
buechel. 1994. Comparison of Escherichia coli st-
rains for synthesis and accumulation of poly-(3-
hydroxybutyric acid) and morphological changes.
Biotechnol. Bioeng. 44: 1337-1347.

9, Lee. S.Y.. HN. Chang, and Y.K. Chang. 1994



620

10.

11.

Production of poly(p-hydroxybutyric acid) by re-
combinant Escherichia coli. Ann. NY Acad Sci
721: 43-53.

Lee, S.Y. and Chang, H.N. 1994. Effect of comp-
lex nitrogen source on the synthesis and accumu-
lation of poly(3-hydroxybutyric acid) by recombi-
nant Escherichia coli in flask and fed-batch cultu-
res. J. Environ. Polymer Degrad. 2. 169-176,

Lee, S.Y. 1994, Suppression of filamentation in
recombinant FEscherichia coli by amplified FtsZ

Kor. | Appl. Microbiol. Biotechnol,

activity. Biotechnol. Lert. In press.

12. Sambreook, 1., EF. Fritsch, and T. Maniatis. 1989.
Molecular Cloning. A Laboratory Manual, 2nd ed.
Cold Spring Harbor Laboratory Press, Cold Sp-
ring Harbor, New York.

13. Dower, WJ., JLF. Miller, and C.W. Ragsdale.
1988. High efficiency transformation of Escheri-
chia coli by high voltage electroporation, Nucleic
Acids Res. 16: 6127-6145.

(Received QOctober 15, 1994)



