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Recovery of Poly(3-hydroxybutyrate) from the Coagulated Cells of Alcaligenes eutrophus. Cho,
Kyung-Suk, Eun-Wha Hong, Hee Wook Ryu', and Yong Keun Chang’. Department of Environ-
mental Science and Engineering, Ewha Womans University, Seoul 120-750, Koreq,
'Department of Chemical and Environmental Engineering, Soong Sil University, Seoul 156-743,
Korea, *Department of Chemical Engineering and BioProcess Engineering Center, Korea Ad-
vanced Institute of Science and Technology, Tagjon 305-701, Korea -The effects of the pre-
treatment with coagulants on the recovery efficiency of poly (3-hydroxybutyrate, PHB) synthesized in
Alcaligenes eutrophus were investigated. Al-base or Fe-base coagulants, and the dispersion method of
30% hypochlorite solution and chloroform were used as coagulants and PHB recovery method, respec-
tively. The recovery efficiency of PHB from the cells harvested with Al-base coagulants at the range
from 0 to 1000 mg-Al/L was similar to that from cells harvested without the coagulants. At these con-
ditions, the concentrations of residual aluminium in the purified PHB were below 250 mg-Al/kg-PHB,
indicating the effect of residual aluminum on the characteristics of the purified PHB can be insigni-
ficant. When the dosage of coagulants was over 1000 mg-Al/L, the PHB recovery remarkably decreased
with increasing the coagulant dosage. However, the PHB recovery could be enhanced by the use of 50%
hypochlorite solution instead of 30% hypochiorite solution. Even though the reduction of PHB recovery
efficiency was not found by using Fe-base coagulants, the purified PHB was stained pale red due to
residual iron, These results suggest that the use of Al-base coagulants did not exert bad influence on
neither PHB recovery efficiency and PHB purity.
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wjokel o 2 %6 PHAE 3|4 AAlgh= AL e
adl o 2 v a2, NET e} debris ¥, 5, %
elel dxpie], aeE HA 5 dHe FHEE A
Hoy glrh 35 AA FAA sleld Fad A
PHAE 3|5¥ ¥ PHAS] #8432 Aol #7
BE WS ARSSol sl Zlolth vkl oz e
AE Felshe o 7 Ao g AHE S
e alejuby s of ubiie| 18, 20-221].
Moz vlAdE AT 2717 #a 23 vsd 2
A2 A e AASEst wig =e{vh22].
oyl o v e HAE E&H R Felslr] s &
A /1A zA7|e} AEE FIMA7| frAe] HEe} A
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o] IgslA Hr} AAE &9 THANE 7z e
22 ool SAAE sk #AH FRol=dxtY H
A7 Bt shs] o] 32 3A3k= coagulation &
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SAA F, AAEEY R A AHd FAE s
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29 #AZXE PHAE 353k w2 2% chl-
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dichloroethanes} Z-& #7475 o] 43h= &viF214
[2, 4, 16, 2517 hypochlorite[3, 241} =849 A4
[12]E o] &3}= digestion® 5ol itk Hahn 52 7]
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A. eutrophusO| HiL

Alcaligenes eutrophus(NCIMB 11599) #5-5 60 L %
F7)ellA F7bA] wlekS shedct HEAE wiekstr] 4
g o] 242 b3 Zskrh Glucose, 10 g/L; KH,
PO,, 1.5 g/L; Na,HPO, - 12H,0, 9 g/L: (NH,),SO0,, 1
g/L; MgSO, - 7TH,0, 0.2 g/L; v1=¢ &< &, 1 mL. v
2 & Sl 5N HCIE-9H 1 Lol FeSO, - 7H,0 10 g,
CaCly - 2H,0 2¢g, ZnSO, - 7H,0 2.25g, MnSO, - 4-5H,0
0.5g, CuSO, 7TH.0 1.0 g, (NH)sMo,O, 0.1 g, Na,B,
O, - TH,0 0.2 g& o ZA|slsdth. f7ha] wlokd] A4
gk 27] wir]Y 24L& glucose, 20 g/L; KHPO,, 4.44
g/L; (NH,),S0,, 4 g/L; MgSO, - TH,0, 1.2 g/L; citric
acid, 1.7 g/L; vI=F -4 £, 10 mL/L olsdch. 7] uj
A 2] 3] 18 LE 3F31, 800 g/L2] glucose &A%
Foistria A< wiekssict. wieFe] pHE 28% U=
Hol4=9} 5N HCIE o] 8-3k¢] 6.82 zAslodrt. #E4]
2.7 fofzl whofRe] A FE= 164 g/Lol et

ST

B dFolM= 357 AlA A AL} 2574 FeAl
SAAE AR Al SR AR PR (AL(SO,),,
ALOs 8%)et EAEE ZeRsAlshritedSrlE
(polyaluminium hydrooxide chloride silicate(AlaSib
(OH)cCld, ALO; 17%; PACS) ¥ polyaluminium hy-
drooxide chloride(Ala(OH)bCle - xH,0), ALO, 17%;
Hi-PAX)E 2Hg-3tqich. 3ak3bel PACSS} Hi-PAX
(silicated F3k7 95)9] 971 == 45-50%H AR
o, YEE 1.390] et A SAAZ Fe (S0 771
2EA SAAR] Ferix-3(FeClxOHy, x+ty=3)% AMS-
shoict.

& XM2IS #HZ22H PHBO| Sl

ekl ol SAAE sl TAE SAATI= A
< 100 mLe} wlelAE o]&ste] Fasyct. 10 N
NaOH £ ¢ 2 pHE 11-12% 25 Al zujedd 25 mL
£ @& vjo] A AAF Fro eAAE Hrlsly 1%
7 F5amt 382k sk&anb shodch &3 A=lg Al
Fujek 10 mLe 15mL {4413kl ol 45X gellA
1097 441 Fejsldoh, AR 3 ol TA(1.25
g ZAZF)ol] chloroform 50 mL3} sodium hypo-
chlorite 50 mLZ ¥glct. Sodium hypochlorite’s S5
F2 3 ste] 30, 35, 40, 45 H 50% (v/v)9] T2 2
ek g4 gdl-g Algslsdnt A7 E¢E-A-E 30T
A 90E-7F Mg 3 8,000 rpmeliA] 1087F 1Al &
3led PHB7} £3ll=lo] )= chloroform3-% 35313
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t}. 343} chloroform £94-& 70% methanol &<}l ¥
°} PHBE A& A7) 2, «15}35}e] A& PHBYIALS 70C
NA 5AIZ AxAZ] F FEkE S sldo)

3]4=¥ PHBY <%+ Cho 5[6]9] vl &J&) A ]
2| F 7tz 2ulE 79 (5890, Hewlett Packard,
U.S.A)E o] &3] BA3Isic}. w3t 345 PHB &
9] AF A1} Fell 5= f 243 Zet=ul gz} k)
#3%7](Plasma 40, Perkin Elmer, U.S.A.)¢ll o3 &4
3t

A A PHBel &€ A7 Al9] 4538 FAslch
A PHBE AH&-38le 2E 57 2 mme] E(7 cmX7
cm)® PHB &% 2.3 g% 77} 200 mL9] 0.1 N HCl &
Yol 37, 200 rpm, 30CellA A&t A7} dA7E A7
Aoz LAg AF st LA Al FEE HIE
SA st 299 Al 5%+ DR/4000 spectropho-
tometer(Hach Co., U.S.A.)E A}&3le] X5 ubay
(Aluminum method)*l] 2] &l 522 nmellA] &4 3}dct.

ot & s

PHB 3|20l OIXI= S&M 201&0] st

TA2HE] PHBE 3|53l 4PE 22 methylene
chloride, propylene carbonate, dichloroethane 2 chl-
oroform 59 £91E o] &3} & o] A8E gl
v}, o] b2 A28 HAo] Folx PHB7} ol &=
FAZEAE AAS7] el o] sivH28]. =7,
sodium hypochloriteE ¢]8-3l] PHBE 3|43} whd
< sodium hypochloriteel 9|8 PHB7} #al=]o] A&
23t = FAA ] sleh(11]. o]=i’t EAHE F83]
$13 Algk®l whHo] sodium hypochlorite®} chlolo-
form®] EFLHL o]-L-3l+= dispersion HHHQIH[10,
11], ¥ A7elA = o] uhES o 8-3le] &3 M3t
A2 5€ PHBE 3l31gic).

PHB 3]&< vlx= &34 H7le] 43 Fig. 1
3} 26 Yehigiel. PHB 3ol A48 sodium hy-
pochlorite 8¢ Fx+= 30% °ldch. AlAl S35 A<]
73-+(Fig. 1), 33 A H7iske} Z71¢+% PHB 34-&
= ghabstA| Zadksict 77 2EARSA A Hi-PAX
9} PACSellA 3341 A7l ul& PHB 34§ A
7V AA3A ebtol. A eutrophus®] wFdS 53 A
7171 93 AbgEs SAAle ArlEREsle PACSSH
Hi-PAX®] #-9-& 1000 mg-Al/Lelste] 12, Al(SO,):2l
795 2000 mg-Al/Lo]eH20]. o1&’ SAA| #Hrlsk
5] WellAe] Zhzke] 23l A ¢l gloiA2] PHB 3588
vlas] 29, 3AA 2§ 342 2z PHBE 343 ol
Z73H A frAHEE PHB 3 58(H 7 82%)% 9% +
et F, AR A SAAl = W9 HelAe
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Fig. 1. Effect of Al-based coagulants dosage on recovery
and purity of PHB (30% sodium hypochlorite).
(a) Al(SO,),, (b) PACS, (c) Hi-PAX. @, recovery; O, purity.

2AAe] AFg-2 2 ols] PHB 3]4-8o] Asl==] o
A& & 5 ek

FeAl $3A& AH-3S 74 5-(Fig. 2), 3 A2 7}
7185 PHB 3)5-&0] Bt H3h=z] gy,
< XA A7 E vl & PHB 3488
25 4 dueh F718AHAR Fey(SO)s5 11,000 mg-
Fe/L9] 7552 AHrlsled = oF 79%¢ PHB 3]4-§-9]
FoiF e} 50~200 g-DCW/LY A. eutrophus o4 = <
FA1717] 913 FeAl -SAAS] 712 1000 mg-Fe/L
ol3le]t}, welA, FeAl $3AE A ksl Z2& PHB
3| pgoll A9 L " AR ¥ AL G 5 U
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Fig. 2. Effect of Fe-based coagulants dosage on recovery
and purity of PHB (30% sodium hypochlorite).
(a) Fe,(S0O,),, (b) Ferix-3. @, recovery; O, purity.

o} F7}sk% PHB 358&°) fx3}HA xﬂ?‘f}lﬂ‘ﬁ“% 3
AE ek A8kl € ¢ PHB 3489 wlA+& so-
dium hypochlorite®] 5% &g FASHETE A ou-
trophus®] wieFRel 2,160 mg-Al/L2} Hi-PAXE H7}3}
of &4 A2’ FAE 30, 35, 40, 45 ¥ 50% sodium
hypochlorite §-21 2.2 *Jg|s}o] & PHBI 48 &
ZE Fig. 3o A8k}, 30% sodium hypochlorite €
H-G ARE-3E 73$-oll= PHB 38| 78%¢l &-3}3l3]o
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Fig. 3. Effect of sodium hypochlorite concentrations on re-
covery and purity of PHB (Hi-PAX: 2160 mg AVL).
@, recovery; O, purity.
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Fig. 4. Effect of Al-based coagulant dosage on recovery and
purity of PHB (50% sodium hypochlorite).
(a) PACS, (b) Hi-PAX. @, recovery; O, purity.

42 27131 50% sodium hypochlorite §-4-& ¢]§
5k4 90%°] PHB 3]8&% 25 4 dsdch 34, 3|4
¥ PHBY <%+ sodium hypochlor1te—4 _‘Eo}] A
Slol 98% el R v =& £xE 714l PHBE &
T Uit

50% sodium hypochlorite $%-& AR2-3}e] 1,500
mg-Al/L ol3te] -SA A ArleE Wil A A A A7
of u}Z PHB 3|5-&& w|aslsivh(Fig. 4). PACS %
Hi-PAX®] $3A2] S5} 7=k 43gle] PHB 3
&7 w25 27t 90%} 98% olAatolglrt. olakel A
55 Ay B of $AAY AREEke] AL Atee
(1,000~1,500 mg-Al/L), sodium hypochlorite £-24¢]
T dAgle]l S4AL] HE717 PHB 3ol <33-&

2%
°©
AR WS & vk

5|5E PHBR| X158 Al & Fe 5T

$A Al FAZTE 35 PHBS AF Al 2
Fe 558 &A% AFE Fig. 5ol =431t SAAE
A7VEA] o2 wjokd o 2 Y] 3%t FA A FET
PHB %9 A Al @ Fe ¥%5+ 77 86 mg-Al/kg-
PHB % 100 mg-Fe/kg-PHBo1%ir}. 23141 E A 7}slA]
%48 7S = A PHBO Als} Fert &= & A2 A}
43 $vizdy Jed=EE Al AREn A4l &4
AlolA (Fig. 5-a), 371 3 A¢] AH7}eFe] 1000 mg-
Al/Lelsle] Heldide F7] zix 33 AQl PACSS
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Fig. 5. Residual Al and Fe concentration in purified PHB.

(a) Al-based coagulants, (b) Fe-based coagulants. A, AlL(SO,);
@, PACS; O, Hi-PAX; R, Fe,(SO,);; O, Ferix-3.

Dosage (mg Fe/L)

Hi-PAXE AH-8E 75 A7 Al9 oF2 250 mg-Al/
kg-PHB °]3lolglc}, v o], 57] 414 01 INECOR
4 A5 Al9] %7} 450 mg-Al/kg-PHBZ °F 1.84)
=t FeAl 3419 735, SAA Al & A5
Fed] 3=+ 3 A9 F57o FAg] A fARE 3
£ Jehiigich Fedl $3A19) AH A7k dele 1000
mg-Fe/L olsle]=2 3|$% PHB2 %{F Fe ¥:+:
750 mg-Fe/kg-PHB o]3}o¢]r},

A A PHBel &% Al3} Fet =k &5 l7] =
Foll Aol B 3L XA & dgich. 18]
U, AlA 3 A e 2] FeAl SAAES ARE-3le] 3]
gt PHBx= ¢2 #2 422 A= FA-e] .
e, SAAE o] &3 Az 3454t PHBY A &
Aol g SAAZE SAEE, AF Al Fe 2 A
Al PHBY H4t 55 w8 o FeA Rrls Al &3
A7} vpgA 3 AR A5 Ech

AR 8RS F8rbsAe] B2 SFEEE 2
#H7]l 35, a3 N, AE R3g 2547, FAG 54
2 o] HAXEF, AAL7], I‘rx 47, 394 2%
g fol8F Solch A} 22 folg-Fov
4 =k IR S A eEHE 73‘—%& A ¢} 5} 2
Al PHBell &€ viske] Ale] & 47 HAl= @&
Ziolch. §-4g ol 452 PHBE AH43h= 7
ol AAre g AR Ale] £5E 71eAo] stk wekA,
A7 PHBE o|43le] Ad® Zetrd A FolAe] Al
4E4S A S YollA] A 2 mm A9 BE
3} PHB %% 7Zt7F 0.1 N HCl -9 Hrlsted Azt
ol W& Al9] $-&F3E EA s H(Fig. 6). PHB &2l
A& &5 44716l <k 100 mg-Al/kg-PHB7} €259
i1, 8X17F o)&Fell= ¢k 150 mg/kg-PHBe] £-== 47,
o o]Ake] Ale] $-EFX+ %9ith o= PHBe &3

3
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Fig. 6. Acid leaching of Al from purified PHB powder and
film. O, powder; @, film.

v}, A2H o2 Az PHBAA Y AF AV} Ad e
g AlFell @%E AR @7 djdell & ATl Al
& nhel ol Wik S $A Azist #AE 3,
37 A 25 PHBE AAste 544 &4o] 7153}

o} & 4= gl
e <
A4 78X poly(3-hydroxybutyrate, PHB) &

A AFsl= Alcaligenes eutrophus®| wilel S-A]A&
H7)ete] 343 dAZYE] Sl FE ol 2% PHB 3
T2 £xo VA e $AAY Fgs A A
A AlA 3F55-9} FeA 2572 AREslic) FA =4
B PHB+x 30%Z 3438 hypochlorite €247} chlo-
loform E§E-4-& o] &3led 2 - 3|3lsdch. AlA &
AAEY A5, SAAY Aol 1,000 mg-Al/L o] &}
9] FxdA= PHB 3]4&9] —""Sxﬂe A7y e
7352 35-8(82%)3 A4 v=3hdaL, 1000 mg-Al/
L oo Fxolde SAA Hrleke] S713el wet
PHB 3}<go] Z4slsich PHB S36 283 hy-
pochlorite 4949 FE& 50%2 S7H1714, SAAE
2000 mg-Al/L7HA] T8 552 A7lslelx 90% o149
PHB 385 9& 4 Uit 3<% PHBE &=
AL TR L=kl BAGO] 8% olF2E v
=94t Fe74] SAAY A5, A 32 PHBY
3| pgol A <3S wIAA] Wgkevt, s|5% PHB 5
o] #F Fedl =71 ¥%t%, 2HF Feoll ofsl AA
PHB7} §& A4 o2 2aslglct. 4% 359} PHB
o AA FA A SAAZE SHEE, AT Al
Fe & AA] PHBY 44 & 17% o FeA XHrl=




Al

11.

12.

13.

14.

A 4374 AgHasict.
2Ate) gt

B oA7E 199795 33 eA 7 AEriEdA o

Tulol SJahed saE|oden o]ol ZHAFERILI,

1]

fNEs

. Anonymous. 1990. Biodegradable plastics hits the produc-
tion line. News Scientist 126: 36.

. Baptist, J. N. 1962. Process for preparing poly-B-hy-
droxybutyric acid. U. S. Patent 3,044,942.

. Berger, R., B. A. Ramsay, J. A. Ramsay, C. Chavarie,
and G. Braunegg. 1989. PHB recovery by hypochlorite
digestion of non-PHB biomass. Biotechnol. Tech. 3: 227
—232.

. Brandl, H., R. A. Gross, R. W. Lenz, and R. C. Fuller.
1990. Plastics from bacteria and for bacteria: poly(B-hy-
droxyalkanoates) as natural, biocompatible, and biode-
gradable polyesters. Adv. Biochem. Eng. Biotechnol. 41:
77—-93.

. Byrom, D. 1987. Polymer synthesis by microorganisms:
technology and economics. TIBTECH 5: 246—250.

. Cho, K. S., H. W. Ryu, and C. H. Park. 1996. Produc-
tion of polyalkanoates from swine wastewater. J. Korea
Soc. Environ. Eng. 18: 1259—1270.

. Cho, K. S., H. W. Ryu, C. H. Park., and P. R. Goodrich.
1997. Poly(hydroxybutyrate-co-hydroxyvalerate) from swine
waste liquor by Azotobacter vinelandii UWD. Biotechnol.
Lett. 19: 7—10.

. Cho, K. S., H. W. Ryu, J. W. Kwak, H. W. Chung, and
Y. K. Chang. 1998. Cell separation from high density cul-
ture broths of Alcaligenes eutrophus by using Al-based
coagulants. Kor. J. Biotechnol. Bioeng. (in press).

. Doi, Y. 1990. Microbial Polyesters, VCH, New York.
10.

Hahn, S. K., Y. K. Chang, and S. Y. Lee. 1995. Re-
covery and characterization of poly(3-hydroxybutyric
acid) synthesized in Alcaligenes eutrophus and reco-
binant Escherichia coli. Appl. Environ. Microbiol. 61: 34
—39.

Hahn, S. K., Y. K. Chang, B. S. Kim, and H. N. Chang.
1994. Optimization of microbial poly(3-hydroxybutyrate)
recovery using dispersions of sodium hypochlorite solu-
tion and chloroform. Biotechnol. Bioeng. 44: 256—261.
Holmes, P. A. and G. B. Lim. 1990. Separation process.
U. S. patent 4,910.145.

Kim, B. S, S. C. Lee, S. Y. Lee, H. N. Chang, Y. K.
Chang, and S. I. Woo. 1994. Production of poly-3-hy-
droxybutyric acid by fed-batch culture of Alcaligenes eu-
trophus with glucose concentration control. Biotechnol.
Bioeng. 43: 892—898.

Kim, B. S, S. C. Lee, S. Y. Lee, H. N. Chang, Y. K.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Recovery oF PHB rrom CoaGULATED CELLS 211

Chang, and S. I. Woo. 1994. Production of 3-hydro-
xybutyric-co-3-hydroxyvaleric acid by fed-batch culture
of Alcaligenes eutrophus with substrate control using on-
line glucose analyzer. Enzyme Microbiol. Technol. 16:
556—561.

Kim, B. S., S. Y. Lee, and H. N. Chang. 1992. Produc-
tion of poly-f-hydroxybutyrate by fed-batch culture of re-
combinant Escherichia coli. Biotechnol. Lett. 14: 811—
816.

Lafferty, R. M., B. Korsatko, and W. Korsatko. 1988.
Microbial production of poly-B-hydroxybutyric acid, pp.
135—176. In H. J. Rehm and G. Reed (eds), Biotech-
nolog, vol. 6b. VHC, Weinheim.

Lee, S. Y., K. S. Yim, H. N. Chang, and Y. K. Chang.
1994. Construction of plasmids, estimation of plasmid sta-
bility, and use of stable plasmids for the production of
poly(3-hydroxybutyric acid) in Escherichia coli. J. Bio-
technol. 32: 203—211.

Mateus, M., J. A. L. Santos, and J. M. S. Cabral. 1992.
Membrane separation processes, pp. 177—222. In J. F.
Kennedy and J. M. S. Cabral(eds), Recovery Processes
for Biological Materials. Wiley, New York.

Page, W. J. 1992. Production of polyhydroxyalkanoates
by Azotobacter vinelandii UWD in beet molasses culture.
FEMS Microbiol. Rev. 103: 149—158.

Pinheiro, H. and J. M. S. Cabral. 1992. Centrifugation,
pp. 133—175. In J. F. Kennedy and J. M. S. Cabral(eds),
Recovery Processes for Biological Materials. Wiley,
New York.

Pinheiro, H. and J. M. S. Cabral. 1992. Filtration, pp. 67
—95. In J. F. Kennedy and J. M. S. Cabral(eds), Re-
covery Processes for Biological Materials. Wiley, New
York.

Pinheiro, H. and J. M. S. Cabral. 1992. Sedimentation,
pp- 97—131. In J. F. Kennedy and J. M. S. Cabral(eds),
Recovery Processes for Biological Materials. Wiley,
New York.

Pries, A., A. Steinbuchel, and H. G. Schiegel. 1990. Lac-
tose and galactose utilizing strains of poly(hydroxyal-
kanoic acid) accumulation Alcaligenes eutrophus and
Pseudomonas saccharophila by recombinant DNA tech-
nology. Appl. Microbiol. Biotechnol. 33: 410—417.
Ramsay, J. A., E. Berger, B. A. Ramsay, and C. Cha-
varie. 1990. Recovery of poly-B-hydroxybutyric acid
granules by a surfactant hypochlorite treatment. Biotech-
nol. Tech. 4: 221—226.

Ramsay, J. A, E. Berger, R. Voyer, C. Chavarie, and B.
A. Ramsay. 1994. Extraction of poly-3-hydroxybutyrate
using chlorinated solvents. Biotechnol. Lett. 8: 589—594.
Ryu, H W., K. S. Cho, J. W. Kwak, and Y. K. Chang.
1998. Effect of Fe-based coagulants on cell separation ef-
ficiency from Alcaligenes eutrophus culture. Kor. J. Appl.
Microbiol. Biotechnol. (in press).

Ryu, H. W, K. S. Cho, Y. K. Chang, and H. N. Chang.



212 CHo et al.

1996. Cell separation from high cell density broths of Al- Alcaligenes eutrophus poly(B-hydroxyalkanoic acid) syn-
caligenes eutrophus by using a coagulant. Biotechnol. thetic pathway in Pseudomonas oleovorans. Arch. Mi-
Techniques 10: 899-904. crobiol. 153: 101—104.

28. Ryu, H. W,, S. K. Hahn, Y. K. Chang, and H. N. Chang. 30. Timm, A., D. Byrom, and A. Steinbuchel. 1990. For-
1997. Production of poly(3-hydroxybutyrate) by high cell mation of blends of various poly(3-hycroxyalkanoic acid)
density fed-batch culture of Alcaligenes eutrophus with by a recombinant strain of Pseudomonas oleovorans.
phosphate limitation. Biotechnol. Bioeng. 55: 28—32. Appl. Microbiol. Biotechnol. 33: 296—301.

29. Steinbuchel, A. and P. Schubert. 1989. Expression of the (Received January 30, 1998)



