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Studies on the Utilization of Hydrocarbons by Microorganisms

(V) Fermentative Production of a-Ketoglutaric Acid from Hydrocarbons

Katsunobu Tanaka, Kazuo Kimura, Takeo Suzuki, Ken Yamaguchi, Shukuo Kinoshita

(Tokyo Research Laboratory, Kyowa Hakko Kogyo Co., Ltd.,,
Asahimachi 3-6-6 Machida-shi, Tokyo)

Among the hydrocarbon utilizing bacteria previously reported by the authors to be
<apable of producing amino acids, several strains were found to be richly productive of «
ketoglutaric acid from z-alkanes. The yield of the acid by these strains was more than 40 %
of the consumed hydrocarbons. Particularly, Corynebacterium sp. (KY 4439) was the
highest in productivity. Additions of corn steep liquor and thiamine at suboptimal con-
.centrations together with appropriate amounts of Fe** and trace metal ions were effective for
the production of a-ketoglutaric acid. To keep the pH under control between 6.7 and 7.0 by
feeding NH,OH was also contributive. The production ratio to the consumption hydrocar-
bons was increased by the lowering of the concentration of hydrocarbons in the medium.
With an addition of 8.7 % (v/v) of n-paraffins the acid yield reached as high as 85.5%

AITH LU TEBIICERICIE S T EMTREN, TTIZ
# B ﬁﬁ%%@&EKBDT,wN§74VﬁBﬂIﬁ1
SEEE, BFERIUKEOBEDIC X ZRIBHIL T DEBHTHEENSEEINDS T EMNEIEINTHEY,
BNTHYD, LHTHEROEREND, KOZET %wﬂéﬁ%@%ﬁiﬁmf%uﬂbQL:iﬁ%®
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R HI DR IZRIEE L - LIS R DB Td 5. n—¢  Table 1. Productivity of a-ketoglutarate of various.
59 4 ViBAY 5~10% (v/v), NHiNO; 2%, KH. strains.

PO. 0.2%, MgSO,-7H,0 0.1%, MnSO.-4H.O 0.002 Conversion yield (%)
%, . 0.0029%, CSL 0.01~0.02%, Strains

%, FeSO,-7H.0 0.002% SL 0.01~0.02%, 44 7 2 KGA| L.GLU | Total
I v-HCl 0~279/l, CaCOs 2%, 7/ —L v ¥

0019 2 S v, NH.NO;s, Arthrobacter

0001/63 pr ) C0?¢9 n=/N7 07_4 o ; paraﬁineus KY 4303 43.7 6.5 502
CaCO: RBIZE L THRML, nr¥5 74 ¥ LIAD Corynebacterium

734 20ml & U7z, BEESO pH i3 20% (NHO:COs hydrocarboclas%s o 41.0 11.0 52.0
5% RARAWICT 1.0~7.5 @l Sljar 430
orium sp. - ;

fermentor 1T X 2¥EZOERME X UREEEH DR orymedac (ruI‘{Y ?2139 45.0 14.0 59.0
REE7SRIORBEMERULTHS. 12XL ?SL Corynebacteri?(r% 3342 34.0 r 9.3 | 43.3
0.05%, H#4T7IVYRBEU7 =/ —nby FIIERM. Uridentified. stai ‘ |

pH 6.7, MBS0, Hi#E 800 rpm, EK 3//min. midentihec SRR 133 | 225 | 10.0 | 32.5

3. DWHIE a-4 » Jva— )E 12 Friede- Unidentified s§$n4449 8.5 | 11.7 J 50
mann Haugen &5, L-7' v & I VERIZ E.coli O L~ }

s I UEERIREEERS KK VREL. 7 VR
12 Perlman, Lardy, Johnson HEIC X DERL 7-.

BERL: 737 4 YR BEBEFEORATE
CUTHRERIL, 13, 14, 150 n—¥5 7 4 YOEE
Be&¥rRAve.

BE 57 4 VORERITIT CaCOs Ziam L 1
HEEW 2ml 2BLOBEILED, =42/~ 4m],
n=~F4 v 2ml BRMUTSEPEL 2%, 3000 rpm
090 BLODHEL, n-~FH VB OO THAEGFELRK
HIZE B ARz o= bt 757 48ICE0 9L, &
n=7H YOEBOMMTED L.

ERBRER

1. EBEEHORTE ZEBRDIEIEEEED
a-r TR —VEBREDED L- i I VEEBXU
s VBB &N, a-r Mo wva—VERIT 2,40
ZbtoT=—EFTSY EL, BO% X &/~
ik ok L, BER LS, B40BEXEZR
WEN=N—y o2 bS5 4 XBTS Ry &, Tk
SIATE, TOMAEREKL, TRIC—BT 5T LEHER
L.

2. EREBKROBE  HRICHERLCEKRE Ar
throbacter paraffinens KY 4303 %15, BIEPICE
WT @~ b v g —VEBED EREED BRI T3 - 7248
BEHETH D, ThoDAERTHEL ER, xiH
B NS0 VIE ELT a-f b S — BN
0%, Tha-Hr b ovar—nEé L-T g IV
BOFIE LT 50% LI EAET 2 bONZHEED O
7z (Table 1), WEIWTNbEME/ 571 &L
TRHDLTHAB. Ihood, RLERIESDE Cor-
vnebacterium sp. KY 4439 T, DB I HhIZHONTE

n-Paraffin: 5% (v/v), Exp. with 500 ml flask,
Culture time: 72 hr.

B

3. HEERHFOREH
A, REBOEE RERILSIBIEZILZE—OD
n-%357 4 YERERRE UTEERESE LU S~NIHER,
WTNDOLDHLEERD a-7 P i — v BISE
EaxNth, BHIK C: DODEENBEORFTH-
fz. =7 I VEBBOAEEIZ DN T bR ER AR
» otz (Table 2),

Table 2. Effect of carbon numbers of n-paraffins.
Conversion yield (%)

Carbon sources

@KGA | L-GLU | Total
n-Undecane 19.5 ‘ 9.4 | 28.9
n-Dodecane 16.3 10.3 26.6
n-Tridecane 32.3 13.1 45.4
n-Tetradecane 25.0 ; 10.3 35.0
n-Pentadecane 23.7 11.8 35.5
n-Hexadecane 21.8 10.6 32.4
n-Heptadecane 20.1 10.2 30.3
n-Octadecane 23.7 6.2 1 29.9

Used strain: Corynebacterium KY 4439
n-Parafin: 10% (v/v),
Culture time: 72 hr, Exp. with 500 ml flask

B. EXHFOFE EERERFEILTHE, W%

EBEERBE LB ITNOERE L DRZEZRD 51
TS o Tohs, =4 RS a — VB DEREIT I RS & DSE
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DB T#H -1z (Table 3). Table 5. Effect of CSL concentration.
Zr, WMRICOVWTEBEOEELRF LIER, a- Cone. of CSL Conversion yield (%)
FhrvE—VEBOAEEIIR LTI 1.5 WL 2.0% (‘%)
MBETH-Te. -7 A s 3 VBRO &2 NHS 0 @-KGA | -GLU | Total
BN & HICET LR T 2EM AR U7 (Table 4). 0 9.9 3.6 12.8
0.02 23.7 4.4 28.1
Table 3. Effect of inorganic nitrogen sources. 0.05 28.5 2.6 3.1
0.1 19.1 3.0 22.1
Nitrogen sources Conversion yield (%) 0.2 12.8 3.1 15.9
(%) a-KGA L-GLU Total 0.5 3.9 1.5 5.4
1 5 31.0 1.5 32.5 n-Paraffin: 10% (V/V), Culture time: 72 hr.
(NH):80. 2 | 33.5 0.7 34.2
3 37.5 0.2 37.7 Table 6. Effect of thiamine concentration.
1 37.0 2.2 39.2 hConc. off-l al Conversion yield (%)
. 0 thiamine-
NHNOs 2 39.5 1.2 40.7 (r/1) «KGA | LGLU Total
3 _} 28.0 1.2 29.3
T 260 - 0 23.7 4.4 28.1
NH.CI ) ! ; ‘ 2. 28.5 2 31.0 6.0 37.0
‘ . 38'2 2.5 30": 10 19.0 5.0 24.0
1. 4.2 3. 200 0.0 0.3 0.3
n-Paraffin: 5% (v/v), Culture time: 72 hr. 2000 0.0 0.1 0.1

Table 4. Effect of NH.NO; concentration.

Conc. of NH.NOs Conversion yield (%)
%) «KGA | L-GLU | Total
0.2 14.7 1.3 16.0
0.5 11.2 2.0 13.2
1.0 16.7 4.1 20.8
1.5 29.5 4.9 34.4
2.0 23.7 4.4 28.1
3.0 15.0 5.1 | 20.1

n-Parafin: 109 (v/v), Culture time: 72 hr.

C. BREBEBITYA T IVoEE HEEER
& LT corn steep liquor DEEFD A L o5 ~
THDE, CSL 0.02~0.05% LEhRVIENEBED
ETAMRBETHD, 0.2% LIEIKIE S EEF M
TR a-r I = BOAEEIRIELIBTLE
(Table 5).
FEREREBICYA T I VvEERTI M- T
BV, CSL OB 44 7 I vORIEETFREIN:
DT, RITHA4 7 I VYOBEIZDOTHN L, O
%50 CSL OBEIS 0.01% TH5S.
EBERBEAYA 7 I VBEOEIMITENEBRL 705,
a-r IR — VBB DEEIZIZY AT IV 29/l Bk

n-Parafin: 109 (v/v), CSL: 0.01%
Culture time: 72 hr.

WEETH 7. Y417 IVOEE 109/ LI ETI
a-r r I — v BOEBERFELUIET LR L=
Wi I VEBROEEICH L THERSEmSED Shic
(Table 6).

FATIVDOIDESI IR 23774V 5
D L-2wi I VBOEESL Y a-r P — VB
DHEBEIZDNT fOFIRE 52 IK8 > T [KRD
5NTN 5.

D. B4 4 V0¥ RICLBAA Y ELTFeH,
Mg#, Mnt X 7F trace metal ions DEEIZDON
THRETL 7.

Table 7 IKRT LI, a4 F s — VEEDHE
IZi13 Fet OBEEAE < L, trace metal lons 2T
BIng 5 e RES 2 1.

n—857 4 Vinb® a-4 v g —VERRBEIC B
75 Fetr oA BIUENHALEE XN ZBREIT
DVTESHSDOFELOEEY 25 5.

RIZ CaCOs OFRMEIRIZONTHRE L&A,
Table 8 (TR L 72 512 CaCOs AR LIS WBEIT
a7 B —VERS L-J vk I VERDEFELE
L {{&H> - 7=. Jar fermentor %\ NH,OH T pH
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Table 7. Effect of various metal ions.

Conversion yield (%)

Conc. of metal ions

Conversion yield (%

Conc. of metal ions

@ KGA|L-GLU | Total aKGA | L.-GLU | Total

0.02% | 22.4 | 3.3 | 25.7 01% | 25.0 | 4.6 | 29.6

0.01 23.6 | 3.6 | 27.2 0.2 25.6 | 4.3 | 29.9

FeSO.-TH,O  0.02 27.5 | 4.4 | 31.9 | MgSO.7H,O 0.3 25.6 | 4.0 | 29.6

0.05 31.0 | 4.8 | 39.8 0.4 23.8 | 4.0 | 27.8

0.1 27.5 | 4.8 | 32.3 0.5 2.8 | 4.0 | 30.8

0.02% | 26.6 | 4.0 | 30.6 o™/ 273 | 41 | 314

0.01 22.8 | 3.9 | 2.7 0.5 28.5 | 4.8 | 33.3

MnSO.-4H:0 0.02 21.0 | 4.3 | 25.3 | Trage meml 38.7 | 4.5 | 43.2

0.05 21.7 | 4.4 | 26.1 5.0 21.0 | 4.5 | 25.5

0.1 20.5 | 3.6 | 24.1 10.0 17.2 | 4.8 | 22.0
*NazB407'10Hzo 88 mg/l ZnS0.-7TH.O 10 mg/l Na.Mo0O,-2H:0 40 mg/ l

CoCl;-6H.0O 10 CuS04-5HO 300 n-Parafin: 10% (v/v)

% 7.5 1T control L7 HHES L 7c#EE, CaCOs @
FHER BARETIREL, 752 3FRICEBT S Ca
COs DZIFRIZAESr pH OFHBIERIC H5 L EEX
NicDs, 1B CaCl: OBRMICR SN B L H i Catt i3
a-r N g — B O EES BT RS S &
H 5N (Table 9).

E. pH control pE% Jar fermentor %> pH

Table 8. Effect of CaCOs.

Conc. of CaCOs Conversion yield (%)
(%) aKGA | L-GLU | Total
0 1.0 2.5 3.5
2.0 37.5 11.2 48.7
3.0 35.1 10.6 45.7
5.0 25.3 13.7 39.0

n-Paraffin: 10% (v/v), Exp. with 500 ml flask,
Culture time: 72 hr.

Table 9. Effect of calcium ion.

Conversion yield (%)

Ca++
a-KGA | L-GLU | Total
None 4.0 | 16.3 | 60.3
CaCO: 29 | 46.2 | 19.8 | 66.0
CaCl:-2H:0 0.1% | 48.3 | 19.8 | 68.1

n-Paraffin: 18.79% (v/v), Culture time: 69 hr,
Exp. with 5/-jar fermentor.

% NH.OH Z7:i2 5N NaOH T 6.7 IT control L
TEH 5 RBERITIT - 2458, pH control T a-# + 7
R —NVEBOEEICEYTHD, #ic NHOH itk
% control SBIFTH - 7.

a-ir b g — VO AEICK L TEED pH i
6.7~7.0 THV, L-7wvix I VRO EEIT 7.0~
7.5 BEIFTH - 7= (Table 10).

NH.OH @ feeding %1775 - THEFIET a-4 +
T — VERDSER T B T LB,

Table 10. Effect of pH control by NH.OH.

Conversion yield (%)
pH
a-KGA L-GLU Total
6.0 48.4 5.7 54.1
6.7 52.8 18.9 71.7
7.0 54.5 ; 19.9 74.4
7.5 45.5 ' 20.3 65.8

n-Paraffin: 18.79% (v/v), Culture time: 69 hr,
Exp. with 5/-jar fermentor.

4. REERE
A, YA TIVEEOXE  EREBIBOLTILER
BAEEDZ a-r P Svi—VEEE L= vg I VEROD
ENICHEAETHS E L, MEAERERD -HITH
BANIRRFERTE LN THRBNERLIHELBELT
&5 L, Table 11 IZ/RL 72 & DI D,

CDBE, BREK 1g i 574 1g 5
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Table 11. Effect of thiamine concentration on

productivity.
Conc. of Conversion yield (%) |Corr. 100
thiamine- Cale. ™
HCl (y/l) |Observed|Corrected/Calculated| (%)
0 75.1 95.0 172 55.2
10 68.1 91.5 ” 53.2
100 46.3 66.5 ” 38.7
1000 5.0 7.1 ” 4.1
i

n-Paraffin: 18.7% (v/v), Culture time: 69 hr,
Exp. with 5 /-jar fermentor.
-Assumptions:
(1) n-Paraffin 1g—>Dry cells 1 g
(2) 6 CaHznso—>3n Acetate—>n @-KGA or
L-GLU

ERANDETIHRICONTOERERY 250F
FIREL, REDICHBEL:-BEERBLRAED n35
T4 YEELIOTHER YT 7 « YIREERT &,

-4 bz~ BOIRERIT 956% b3 EHEE

LTI 5 7z,

Fhe %57 4 Vid 8 BILAEZT TERICHE X
hitk, 3SHFOEHS 1 3FD a-r vz —
NEBDBERT 2 E RELZBAEDOX 257 4 VD

BNEIZ Cu DTN 172% &85, O
KT EEL 7z ERIRFEIC 9 5 EBRORBINEIZ
55.2% L155.

B. %574 VEBEOXE  RTar 774V
DEEIOVWTREIZMZ 1R, BEOBENFSIR
BHpEL, 57 4V 81% HHIEN 5 7 4
VIE 85.5% L xHHTEHWRRORBENETT S
T EMAD SN (Table 12).

Table 12. Effect of cnocentration of carbon source.

Conc. of } Conversion yield (%) ‘Corr
n-paraffin | | Calc. X100

(% v/v) iObserved}Corrected!Calculated[ (%)
| t i
8.7 | 855 L120 | 172 69.9
15.3 i 76.9 | 111 ” 64.5
18.7 | 67.4 , 881 o« 51.2
22.0 60.5 ’ 75.5 | ” 43.8
Culture time: 69 hr,
Exp. with 5 [-jar fermentor.
D& IIFERDFKEED T

*‘(‘)

HIT i’f‘ﬁfc&@# DEAEDIHEEE SN D,

%ﬁﬁ#@
= DL st Lo 25, Table13 0k

l“\‘

-

ST D, #EE 600~800rpm TOHEIZIZLAEE
oY gRAC IR AR

Table 13. Effect of agitation.

Agitation . Conversion yield (%) &—?—E—
(xpm) Observed|Corrected| Calculated E%()’O
500 320 | 63.3 72.5 172 41.9
600 363 | 71.8 85.6 ” 49.5
700 470 | 69.4 85.5 ” 49.5
800 550 | 69.0 87.3 ” 50.5

n-Parafin: 18.7% (v/v), Culture time: 69 hr,
Exp. with 5 /-jar fermentor.

% g

ERUTzESIE, nre5 74 v 2ERETE a-¥
F&W5—w@%ﬁm%ﬁu$mﬁf,ﬁmﬁ%%ﬁ
BELZEAY KL TBLCERNTH S T EHRE
N, RIGKERBSOHODEI-BORREERETHD,
SHRFFY D ORBNRIRKEDOBELERTS
THAIENHFREERELLDDETEL XD,

BRALKR D FRINBE b5 REENERIC RT3 B8,
Table 12 IZRL 7 B TH B8, KICHT HEMBE
DML RAKFEOMEY~ DI DALY Lo,
BREFLEEL, SBBRIFINI KD 2RIE
T%éﬁ

" DBFFHTFTH I vg I VEROAEEENE

< ié: LT a4 b g —Bis EEEXNZ &I
BEEDO LDV I VEEFEBEDE A L B L THEK
B,

E S|
1. 73/ BAERDBIFERIOKEBRLERDIL ,
D, a-r rISvir—VEEE L-FvE I VERDAERE
BEDEE -5 7 4 VD 0% Ll EITK 53b DR
2BIR L 7e.
2. Zhoot, EEERTH - 7o Corynebacterium
sp. KY 4439 2B\ T, a-4 b 7wz — VB DEES
BT DNTHRE ZMA, CSL, 473 v, TNEh
@ suboptimal EEODHEM, x X Fett, trace metal
ions OERMHS a-#4 b7z~ VEDEEICHIE
E AR
3. NaOH 3 #-iz2 NH.OH |z X 3 pH control 7%
BWTHY, a~r P E—VEBROEEIZZ pH 6.773
WL 7.0 control SEBETH - /2.
4. n¥3 7 4 ¥ O RIMBER BEWIFHs RERNER
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L, n=5 7 4 v 8.7% (v/v) IRINICEY % a-r
P — VB DHERINE (w/w) 13 85.5% IKEL

7z,
5.

BEHOBEERE LR, 600~800rpm (Kia

363~550) TAEIIED ONE» - 7.
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