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B =88 Alcaligenes latus DSM 1123 F52] 23 24271 9 PHB APAS 18 E544 < wiopdiiol] 93 A+
olch. HA F34] 2] digt AYP-E A& o4t o, 94 HA =4 slollA 251 32| F7)A vl
ARE AFS-sle] 384wt pH 24 298 2213 foH] ook 3silch. mickel] ole] &t 2 A xe Zb7
#71e] €t44191 sucrose B (NHL)SO.& AR 7971 71 2-840l¢]c). 9] ONuj& shag] 2 A4 Fx
vl#lsle] Z718l912H, sucrose 5= 30g/Ld 739 C/Nu| 3004 H¢] v]FA &5 E Bt} Yeast extract 0.5 g/Lo}
polypeptone 1.0 g/LE wljA] Fofl A713F A=} A1QAA 7] ZH4 4 20 oAke] m]$A] &% 3RALS- Bt} & A latuse
A. eutrophus} 2] F5A17]el = PHBE §A3513ic}. 27]oll= NH,OH $-4-&, F54]7] FHHE]= NaOH £-94-&- o]
43le 25t {714 wlekE #931-& 7971 NH,OH £-3} NaOH §-4-& 7z} 0|43l pHE ZAZ 75 vjsle] u]Z
Al&zol FA2F 9 PHB 43| Zv1slg]on, olue] HF FAl=), PHB $A% ¥ 32 FAgkd) i3t PHB 34 &
£ 747} 17.6 g/L, 8.04 g/L Y 46 %o\l c}.

Abstract— Culture conditions for the optimum growth and biosynthesis of PHB in Alcaligenes latus DSM 1123 were
investigated. Optimum carbon and nitrogen sources and their concentrations for growth were determined, and batch and
fed-batch fermentations were performed in a 2.5L jar type aerobic fermenter with various pH control solutions. Sucrose
and (NH,),SO, were found to be the most effective carbon and nitrogen sources for the growth of A. latus, respectively.
Optimum C/N ratio was found to be varied with the concentrations of carbon and nitrogen sources. The maximum specific
growth rate was obtained at the sucrose concentration of 30 g/L. and C/N ratio of 30. The specific growth rate increased
more than two times and lag time was reduced when yeast extract and polypeptone were added. PHB could be synthesized
in the logarithmic growth phase. By using NH,OH and NaOH solutions in the first and second stage as pH control solu-
tion, significant increases in the specific growth rate, biomass and PHB concentrations were observed. Under the optimal
conditions, the maximum biomass and PHB accumulation yield(Yx) attained after 40 hours were 17.6g/L and 46 %,
respectively.
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A. latusol] ©J3F PHB2| A3HA 413

71E9 F9289 AR 4AS fREEA R A, 44, Wb
Af-2E B ope} 7[E9] 1A} blendingo] 71gE AuelA
AALEE R AMSE Y] QAR FA o] g3l FAHEo] = 5 5
W A 4 rsA e A s B 58 b glo1]

AR TEA g D& FAF g AR Q5o o)¢)
FHE A7 A} ol WRE A Qick. FHe BRE T gl A
T A o2 Aund A A izt 4 719 84,
PHA(polyhydroxy alkanoates) 353HA9] 24 &4 9 Exjgk w3}
ol #7F A, 2B o] EA7|7|E o] 4]} PHAS] ¥4 A3t
AT Ho 2 BHI 5 glr}2,3] =§ 3ol PHB Aol o
3= HALE: E. coliol| cloning3te] £ A& #3594 o
FE BAE T2 eH46]. 2eht AR mRA) A4 A7
AR 3 Q)E T vl A|ggo)o)A] A. eutrophus 52 B2
FFE o843 AYo] thFE-L AXBLL et 2 AMgsheE F
Foll e} S48 pEALe] x5k 9 S Hike s g
w[7] ] F5l it A, F5 AL 2eln 7 4 9 adt
279 OIet kinetics 77} Qlofob & Aoleh.

£ Al vl & 419 sucrose tAFELe] PHBE 5
AAA 4 dvka Il A Q)=[8) Alcaligenes latus DSM 1123& o}
43t PHBE A3t A lase NB 24815t AT 5
vtz d8iA glon, Ai} 44 AFHA] A &ldx]) A BA
2] PHBE 3= 7 o2 deiA QJrH9, 10]. 40 2= glu-
cose, fructose 5-2] FFF-2} sucrose 52 24 o|FFZS At
213, propionic acid 52 H7}3bH PHBS} PHVS] Z=3%4 ¢! PHA
£ PAsh= A oE 474 sledl, ol=d B-$<le PHV §ake
g TFeMEGE 24 A& $ 9ol ZER] BA Akl H
2jslets Aol B uf gleb(11, 12). 3 8RR A SA
Ae BN SEAeT] B aAlY A A 25347
= PHBE A3, 58} $4& S8 odoF 243 A& =
4% Y87} 9= one-stage wioFo] 7lesle] Azt HESGE &
A& A =tH13). Alcaligenes FF2) 739- F2 ferrous, phos-
phate, ammonium, magnesium, sulfate ¢]-2o] A7 % 3A-H3 A3}
Z7] (unbalanced growth condition)ell 4] }c}gk 4| E1Y reduction equi-
valents& | #3}7] 1%+ A}-go] A (electron sink)ZA4] poly-B-hydro-
xybutyrate® S2 3 =t 53] & Aol A8 A, lauss
A 27 sloA] $& PHB 3482 Hole Aog deA gl
t}H14].

E A= A lamse] A FAA A9 H3L 9t 7|8
A 279 %9} pH, 9493 A4Y9 £F 9 55, ONv, &
AR 24 5o AAZ2AE ATl o)) A FF] A
FEE 1A 5 lokm A= E A 5L iR o] Frlsied 1
FE¥E Adujuglicl o)aiFt U UYL E3ld L HYNE 2|
2 7]129] wiopdql 3)54] ulof (batch fermentation), §-714] ulf
oFd] (fed-batch fermentation) 5-2] AL s}z, 74l 729
T34, pH 234 ¥ ol wjekd-2 £351¢) PHB $8-2 447
< W& AlAEhaal skl

2. AlEyy

2-1. @F 9 HiK)

¥ Agelx A3 F55 Alcaligenes latus DSM 11230]3]c}.
5 S /A7) A 15Ul B WY Almee)A Al
woFstodct. o] Al AldullX] (slant culture)2] ZA3-2- yeast extract
10¢/L, polypeptone 10 g/, (NH,),SO, 2 g/L, sucrose 20 g/LE 3}
oh. 24 ApdulA] o] EF-E BB ¥4, 200mL A7 Selam

o dx-o] F-& 3EAHA 2047t 3k A e}u]o}|(shaking incuba-
tor)ollA] clujalekS & F, o] & YAl E s Ade2 AFsly
FAElelA] A Bt @A AY) =2 v E e
A Aol AEstdct. duluieke] B3huaia] 242 3143 Ay
2] & agarE A2 2422 sFGcH15]. £ okl AREE FHATul
A]9] AL Lafferty[14] ¥ Ramsay S[16]9] 25} 24 sj] o0,
ulgkl A 39 trace A|EA|ol= 1M HClO| trace 9458 4314
A AHESAe. 2 E 7 elA dojvie FHhe MaE3ke] w
2-& AA3l7] Y3ke] sucrose, (NH,),SO,, phosphate buffer % vk
Lo 502 w2 pre] BEE F, AALellA gt

2-2. HHSEX] X Wi

Ao AH8E 3714 RIS wlFA] (fermenter)s 1R
FA13|4ke] 251 482 jar type ¥HE7| 2, pH Alo7]9} A% Ao
7] (antifoam controller) ¥ €% A|oj7|, WHkEE Ao7|, Tv]|EF
7] 55 FHEl 2, o]ejoll = S24k4 &3 7|(dissolved ox-
ygen detector)E 333}e] AM-Slgict. 271 AR 9] ¥o)e 1L
2 igled, it Es V& AYRS B doiA HA x4l 37
CE 2% Aor|2 4R31 2, pHE= 20 %2] NaOH, 28 %2] NH;-
OH, sodium phosphate bufferE pH ZH7]9] dEF g Felslo
6.8-7.02.2 AASHA| fRIsldch AkAe] FF-& ¢EF719 sk
& 747t 05-2.5vwmd 100-500rpm o8 ZA sl £EAL o5
£ 10-50 %2 A3 2] ZAd el FF3ict. AF A= siliconeH)
¢l Sigmax}e} antifoam 204E 3 %2 3Asle] A}L3)H o, A%
A7) & T3 TS =AY FF 249 AFFA gF
HILA S Agduofrlo4] 300mL AA-Eetazel F& AFAZ
wefel 100mLE 92 F A sislglon, viadr|e) &2 34
CE At e] AL 24 vk 2571 AAH7] Aol AP
Zleg, dubHal vl A& 23 S 2% 30-34 'Coll 2 7o}

2-3. PHBY| & iy

PHBE 33t FA| 245 €] PHBE 3]43}7] $I3)4] hypochlorite
4 (NaOCl solution)2- AH&-3}e] A EH-& A A & soxhlete o]
£-8}9] dichloroethaneo|1} chloroform 2 ZZ38}93c}H17-19].

2-4. EAuy

AzFAe] A B335 A (Shimadzu UV-160A)E AFL3}e]
e Hs] $42 D4 ¥ 660nmelH FREE Zsod
AFF o 2RE A2FA AFLT BAST). AAe] A2 TA
£ AE 10000pm e 1082 94 2elske] 450 AAAsn
0.9 % AGFZ AT F, o] 0°CAN $4-2 ZRAA A&
4 sdch17-22].

Wjoel 9] hud FEE Berthelot 18 o] S5k} 2%
2 =[18], ®k45:414] sucrose?] 5+ HPLC(Waters 510 HPLC Pump,
Waters 410 Differential Refractometer)S- o]83}o] Z)3}edri[19].
HPLC 241 Q4122 ¥ 4598 Fsto] Pstgdonl, 443
column-& Waters®] Nova-Pak C,;, ©]5-ANE acetonitrileo] ] c}. vljok
o F2| §F A4 FEt TOAALS DO-11P & 4k4 2372 =
Hahalct.

PHB] AJ##-A2 Riiseh Mai®] & we}[3] Shimadzu Gas
Chromatography 7A(FID 71&7])% o]&3le] 2AI8lit}. GC 84
Aol ZZx FA= 2mL DCE(L,2-dichloroethane) % AAHHCDH n-
propanol2- 1:42 &35t £ 2mLE 713} 7 W& EFA 82 ben-
zoic acid ethylester 200 uL-E- 7}3}1 58}, Wz}s}ed heavier phase S
Fd3te] EAstsicH17-22].

HWAHAK KONGHAK Vol. 35, No. 3, June, 1997



414 Z22E - #4929 - 9

Dry cell weight (g/L)

0 20 40 60 80 100

Carbon source conc. (g/L)

Fig. 1. Effect of carbon sources on cell growth after 67 hrs.
[Shaking incubator, (NH,),HPO, 1.0 g/L, temperature 34 °C, O:
fructose, O : glucose, A\: sucrose]

A4 ¥4 400MHz 'H-NMR ¥ DTA(Differential Thermal An-
alysis) 5-& 3] FAslgich Tl 4% PHB % PHAS
¥%& ShimadzuA}e] DTA-50& o8-8t S4st5IrH18].

3. 4=z & 1E

31 HXY FE4 =29 A

3-1-1 &Rl e] SRl ;e 9%

Alcaligenes latus DSM 1123 337} tiA1e 4= glcls &eiA 9]
= o8] &4 FollA] glucose, fructose L sucroseE AH3le] F &
9| Wislell W& FAA 2 PHB EA ol digt J3-L HFsioict

lex Q)
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Fig. 2. Time courses of dry cell weight, PHB and Y, according to
carbon sources.
[Shaking incubator, (NH,),HPO, 1.0 g/L, temperature 34 °C, O:
fructose 10 g/L, O : glucose 50 g/L, A: sucrose 20 g/L]
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Fig. 3. Time courses of dry cell weight, PHB and Y;, according to
nitrogen sources.
[Shaking incubator, Sucrose 20.0g/l, temperature 34°C, O:

(NH,),S0;, O : NH,CI, A: (NH,),HPO,]

Fig. 12 wlok 67417k wje] €149 Fxo w2 FA=ke) Was
Jehd 7122, glucose:= 50 g/L, fructose= 10 g/L, sucrose= 20 g/
L o ] FAFSE 4& § AUt o] FEalA Y A3t up&
T A} PHB % Fig. 2o Yepligict. 244147164 AR &
Zflol ©E ¥ISAEEE(]3} BE HEEEE XA A
7k AlAbsledt}) glucose 50 g/L, fructose 10g/L ¥ sucrose 20 g/Lol|
W3te] ztz} 0.013, 0.009 2 0.0150]190 7, &4U el i3 PHBS 4=
(e BT B2l da 020352 & Ao]7} Gt Yo
ol A= sucroser} 7 9tch. wheba] 45 PHB o 4 634
S5 32319 £ 9 sucrose S FERE2A 02 Ashe Alo] /1A
ZAAA |z AEAYE & = U

3-1-2. A48 Fiol u}E <33

At 0 2 A latus®] ALY O 2= ¢4 N, gas[9, 10], (NH,),SO,
[11,14], NH,CI[23] ¥ NH,OH §-4-& )48 & 9jckw ¥ 7%l v}
en 38A A e (NH).SO[11, 14}, AE5THNAE 3t
2t NH,OH 8- [8}& 243} v} Qlr}. £ dAFolx& YUk og v
AEo] ALY o2 LH|3h= (NH),SO,, (NH,),HPO, ¥ NH,CI& )
A2 2 3le] A latus®] A T3} BAL A Bhagdoen
€ sucrose 20g/LE AHEslgl o], 7] ALY F5= 5 20y
LZ 3slgic). Fig. 3¢ ¥4 (NH,),S0.= NHClZ} (NH,),HPO, 1]3)
Z7| dAAe] e} o A&A- o)t a2y} Fallskel ti¥ PHBS
TEYrRAAE 2 Zel7) Yot Al BE u|ZAE e}
Y (NH,),SO,, (NH,),HPO, & NH,Clell dj3}ed 72z} 0.014, 0.007,
0.0105} 4.25, 2.32, 3.8001%c}. WElA ¥IFAEE G Yy HolA]
(NH),SO7} 249 AaR19)8 o 4= 9lgdc}. Lafferty S[14] A.
latus2] (NH,),SO.l| gt FE Y S 3982 B 73 v} gy B
Ao $E-uchE oha Akt

3-1-3. C/Nu| Wi3}o] &33}

dubd o 2 3|82 vlekell A= ONH] 27)348 <F 10-152 AY
 ATE11, 147} d o} A, latus®] AHH-FA el 9lel CON
Hlol] gt A= o2 F¥ell ¥ g vl ¢t} o]o)] 2 AFelAl
&9 Ayl FEads ooz AAY sucroses} (NH,),SO,
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Fig. 4. 3-D surface and contour plot of specific growth rate as a
function of (NH),S0,(0.2, 0.5, 1.0, 3.0g/L) and sucrose(2, 5,
10, 30 g/L) concentration(Temperature 34 °C).

E UoE Fto] dAA SlolA 9] HA vhakle) T U Al
2] B](C/NB))E F3517] 13 AL Pslsdr}. Sucrose 242 2-50
g/L7A], (NH),SO.& 0.2-5 g/L7HA] 2713k =] CNv| = )3t
o w]ZalL e g Avugict. 7 A3} v|EAL s B3t 4] ¢f
Nu7} 43 A4 27) 559 §44S 3UT 5 9o,
B9 AU 2] oot 1ESE A vSA4EE o
ehll= CNB|E 4 Zrlshe A8 el Agdezre] ¢
017l data & wleto 2 w43} A4 o WP HFAEES
Fig.42] 3341 2902 Jehll9ic). Fig. 49] 94493 A4 34
2] Aol Royx]e ule} o] H]|FA|4 %= sucrose 30g/L,
(NH,),SO, 1g/L = &, 27] C/NH] 30014 o) v]FA| &8
ehlle], Rd3) A4Ye] X} olul e we FF3HA, 2
23 F o= vl AA138] Hislgdc) ghagle) Fer) HAHgn
e 22 A% v|SAG e vAle 3] 2A Jeh} PHB
9] dEAARE 91 A kel 44 uljokl] glo] wRAajle)
FES ol Ul W dy 24 5= 9)S oz Algd)

3-1-4. H7HEe 4%

Seed WAl B3NS o3t 2017k 71k eululek £ 3
ZelA GFAMADZ AR FAE 2R vk odokxzAo) 2851
71 18ted v) 4 71 24 A12k(lag time)E 7} o] F Fol7] 93}
o kRl vlake] H RS wixlel Ayl A G2k u)E
Ao vzl FgE HESGCH Uy o uFAETe] 2

16 Yeast
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Fig. 5. Effect of additives in the medium on specific growth rate.

7he} A QA7) AAaE Al ARSFhs EAE oA B ATl
= YR albumin, o] PE FF HAHERQ citric acid, GFF
el 4-919) glycerin, yeast extract, polypeptone 52| 332 3Hasle]
o, 23 wjA]o)] 7}7}F 1.0g/Le] FEZ sl n|ZAlE s
H| 23l Bghch. o] AFE Fig 5ol vhehlig] ond, yeast extracto}
polypeptoneS- A7t A% BlFA& s} 26 oA F7sledch L
ol9]e] Hr}Ee] 9= AZBIA #& 52 A 2319 A
e ZALE Mol & g viXA] e AR AlEsc). =3
yeast extract®} polypeptone®] H& Hr|2kg& AA 5] 93 ZHztel
FEE 0-3g/LE WX A7 AY-E st o] & Fig. 6ol vietf
Rt 2@elA] viehd ubel o] yeast extract®] ¥t £E5E
H|SA S 571819121 polypeptone?] -9 1L0g/L7HA] F7}
siehr} o] ¥ Zhasigict. £ A7 384 9 {1 vk el
+ yeast extract®} polypeptoneg 7tz 0.5g/L, 1.0g/LE FH7}3}od
AL Y3t

3-2. 18 3|24 tioiMel Z&E U PHB &5
A7 € ot 22 AAH] I AN HHV)E

Yeast Extract 0.5 g/L
Polypeptone 1.0 g/L

(/1) 35y WMOID sgpeds

Fig. 6. Effect of yeast extract and polypeptone ratio in the medium
on specific growth rate.
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Fig. 7. Time courses of dry cell weight, PHB, and substrates of batch

fermentation of A. latus in the medium containing; (a) no ad-
ditives, (b) yeast extract 0.5 g/L and polypeptone 1.0 g/L.

ol- 83 3% AL Yt AP F=4)7]0| % PHBS
M8 A2 ARl A lamse] 5432 78931 one-stage BjoF
S Assdch. Sucrose 2 (NH,),S0,2] 27155 7h7t 200g/L
2 10gLE 3lx, 27| wjkRa)E 1L, 45 Abaak(dissolved oxy-
gen)- 25-30 %, pHE 20 % NaOH 44988 o] -4-3)9] 6.8-7.02 -
Al em wiekA) ko] w2 AxFAF, PHB %4 % sucroseo}
(NH.),S0.2] Z-v]akg sasledc). Fig. 78 712} yeast extract 0.5 g/
L2} polypeptone 1.0 g/LE $3] ¢3-& M| o} A A & A
(r3tshalR))e] Ay Ao} o] A} HrlEo] gl A= 2
71561 15417 A=) 21 2| A7k F 23] FA|2ka} PHBo] =
7¥8he 73 8-& Q) MbH, yeast extractd} polypeptoneg H7Ft 7
= A DAY} vl Ho} 7] %] Falko] FAS| Z7}sle u)
FAE dEAA S 9lglon, o] ArlEe] A 4uE Aoz
BojA] = A7) 5417k o] o)) x)edAk(lag phase) SA|ZF =2 AR
F dAFe] FA3 F715k FAE S8 2 PHBZo| Zr}slsin).
ol Ax 2AF o] 9= A latse) QA B3] A4 314
3HE S A2 AR} = Fr1Eo) 9l Aol F9
A|eFA7]o= PHBE $8A7)e 43S ¥oex Fa[14))
&1 wiel A FE & 5 Yook AHAT 9 A2 FAake
Hiramitsu -5-[11,12]e] 30 Coil] 48|17} v} ¥ A& 4-5g/L 81}
A 7.11 g/L(ZS/qu' Hﬁoot)ol‘?\i—g—m], W Yeu, Yoo B Yoo A7}
=°] @ 7352 e Al dste] 22} 003, 017, 023 2 0.04
2} 0.04, 021, 037 % 0.08]%c}. o] € £&[14,23]9] two-stage
WF A Y,,=0.699} Y,=0.45¢]] B] 8] 2he $2x)Q1d)], 6] one-
stage wiofe] PHBS] %43 FA2e] 2718 EAld] A2 5 gl
el 3l Wb PHB 8ol two-stage tjokuch Hgo] ®
A7) A& AL AbgEL)

33. 25 RI1A| HIYOIMS FME U PHB &5
71 W 1A A4 B Moz weke] Holao]
ZAY} LS BEH 02 AAbshe wiebiale 24 PHBE

&34 H35A H3E 19974 68

g0 mg— 80
% 210 352 703
éj :§6.04 305—6_08'
B 5 5o 584503
+ Z 40 zo§ 4 4.0g

3.0 xs% 430 +

+ 20 210’ 20

10 s H10
0.0 o Hoo

35 40 45

Time (h)

Fig. 8. Time courses of dry cell weight, PHB, Y,, and substrates of
two-stage fed-batch fermentation of A. latus in case of pH-
control by NaOH.

(! : start of substratc feeding, 1 : end of substrate feeding)

EeHoe Q] S uhg e go] A7sx gk $7H4 ui
4& 53 PHBE J43h= AFolle 32 #24]7] o]3of nix] &
o] AF JUaE A3l PHBE ASA o2 447 25t uj
& WA "ok B AYoME F247) o]% 0, & A2y
< Agste] PHBS $4& £2s= 39, pH 242 9)3) A3}
€ 89 9% 9 aA=Ql AR thate] Agsisin). wloke)
Z7] WA AL sucrose} (NH,),SO,Z 77} 30.0 gL 2 2.0gLE
stalom, wiokd o) ONHIE v} W) QA eA 5-21817) 95t
o] 222 sucrose 400 g/L 415} 402 (NH,),SO, 200 g/

S AR FFer). pHE 6.8-7.00.2 UA3A 4517
#18t] 20 %] NaOH - ¥ 28 %2] NH,OH 4}& e}l 414
o o3 vigAFHz2 FFehon, wlo} 9] DO IS ES}
FA3719] kg 2dsle] FRA7]elE 30+£5%2 F4)7) o)%
2] A AFAk(stationary phase)ol|= 10+5 %2 4% A A PHB2] 48
Ewsioict. 2 ASE Fig.8, 99l £Assic}. 17 F9) 7|4 2F
A A7 | B, 39 9 AE 12 BA8kge)

3-3-1. NaOH -§-94-%- o] -4-3} pH 24

Fig. 8& v} 52| pH 2ol NaOH £-4-& A18-3 AL} 2
719} 1247} FRFe FF7) A7 tiAbshe Eqko 2 A7k
AL2YL 7H8A) T Feas819) sucrose?] 7Hal AL o). 2
2} X]ed4k(lag time) ©]F o] = sucrose Y (NH,),SO, 571 A|&A o
2 ZAdpEA BA ] FFE 24176 Aol ST, sucrose’= 20g/
L olste] F=2 7H4ad 1547 Fo) AERTE TFL A)atsio]
SE7} 30g/Loll ©FE 2547kl 4] FTFS Frsiglon, (NH.).-
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Fig. 9. Time courses of dry cell weight, PHB, Y.y and substrates of
two-stage fed-batch fermentation of A. lafus in case of pH-
control by NH,OH. :

(| : start of substrate feeding, 7 : end of substrate feeding)
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Fig. 10. Time courses of dry cell weight, PHB, Y, and substrates
of two-stage fed-batch fermentation of A. latus in case of
pH-control by NaOH and NH,OH.

(| : start of substrate feeding, T : end of substrate feeding)
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Fig. 11. Comparisons of dry cell weight and PHB yield on sucrose
according to fermentation methods.
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Ypc : PHB yield based on carbon source g PHB/g carbon source]

Yex : PHB yield based on biomass [g polymer/g biomass]

Yie : residual biomass yield based on carbon source [g residual bio-
mass/g carbon source]

Yen : residual biomass yield based on nitrogen source [g residual bio-
mass/g nitrogen source]

33 S M35 RM3E 1997\ 6%

Yyc : biomass yield based on carbon source [g biomass/g carbon

source]
Yy : biomass yield based on nitrogen source [g biomass/g nitrogen
source]
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