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Isolation and Characteristics of &-Caprolactam Utilizing Bacteria
Choi, Sun Taek - Rhee, In Koo

Dept. of Agricultural Chemistry, Coll. of Agric., Kyungpook Natl, Univ.

Summary

A bacterium which utilizes e - caprolactam as a sole source of carbon and nitragen
was isolated from sludge of Shinchun river in Taegu and identified as Arthrobacter globifor-
mis N-2-1.

The growth medium for the optimum culture condition was composed of 0.4 % e-capro-
lactam, 0. 02 % K,HPO,, 0. 05% KH,PO,, 0.02% MgSO, 71,0, 0.01 % FeCl,- 6H,0and
0. 05 % yeast extract. The optimum pH and temperature for growth were 7. 0 and 30 °C
respectively. The bacterial growth on the &-caprolactam medium did not require any
other organic nitrogen source such as yeast exiract, although it was remarkably stim-
ulated by the yeast extract. The bacteria utilized wide range of sugars and organic
acids such as «-ketoglutarate, adipate and P -hydroxybenzoate. The bacteria could use
all kind of amino acids, ¢ -Caprolactam in the medium was consumed completely in the
timecourse culture at 30°C for 60 hr on the shaker by the bacteria . Decomposition
product of e-caprolactam by Arthrobacter globiformis N-2-1 was &-aminocaproic acid,
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e H@= sl T2 Bergey’s Manual of Deter-
minative Bacteriology 8§ ¢l wlel SR ok
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o9& e-caprolactam-$ KR ¥ WEHoR FpY
+ o= B 1045 Satsld o Fell4
ctamFflfke] S-<Foha, BEEEES) oL 1HE(N -
2-1DE "ok fFAFe = sl BE o8 &
o] ¢-caprolactam? R#%EHF ¥ BHEHO R AT
el HE of R o] $lEke] CLigHe) CLIEH
ol 4] yeast extract B ERSMat kel A 48 BEREES)
Egsld 2 &F oYY s-caprolactam® FIH

S Ealgt B Table 1 3 v}
Table 1. Screening of -caprolactam-utilizing

& —caprola -

bacteria .
N Cell growth (OD 600 nm)
Strains ; T
with yeast ext. without yeast ext.

N-1-3 4, 1 2.3
N-2-1 5 4 20
N-3 33 L4
N-4-1-1 4. 7 27
N-4-2-3 4 8 23
N-7 4. 2 2 3
N-7-1 4.5 2 4
N-8-1-3 4,1 2 0
N-8-2-2 4, 2 21
N-§-2-3 3 6 L6

The bacteria were cultured in g ~caprolactam
medium for 48 hr at 30°C on the shaker.

CLiZHh7l yeast extract & Brstgt CLISHe) A o
o} B 4£EFE7 $relglR| vl yeast extract 7} A
o] % Eil| 5 ¢-caprolactam-® FIHE] AHY £+
gtk

2. g- caprolactam A HWEC| BB HHE

BEAM(N-2- D2 Gram¥Pufael A oF4& viepi =
HEoRERe) WMol Hels 233 Bliely BiLH
ol & ERigel vt S EME Eitell A EEbEel gl A4
< CLigtoll A ¥ifad =m 2 447} FiA= 24t
ghA] ghgke), gelatin 3} d-H-2 EEERY tween-80E
sEEY + dgdeh nitrate 2 @EAA ¢ glodca-
talase & 4 skt oxidase & 4 B8Rl gtk 2 4

3

Table 2. Morphlogical and physiological character-
istics of the isolated strain N-2-1.

Gram staining +

Mo ttility -
Morphology irregular rod to coccoid
Pigment yellow( not diffusible )
Gelatin hydrolysis +

Starch hydrolysis +

Tween 80 hydrolysis —
Nitrate reduction -

OF test oxidative
MR test -
VP test —
Indole production —
Citrate utilization +
Oxidase -
Catalase +
Nutrient broth tur bid

+, positive ; —, negative

pratgel el 7k #H-2 Table 29} ek

ol ko] HES &&stel Bergey’s Mamual of Det-
=zt SEYE /R
Arthrobacter gobiformis = FEsIE ol

3. Ho| HEEGT mE

1) yeast extract®] o 3F

A Be] &89 gle]l yeast extract 7} & caprolact-
am®] fiEel A9l HER-HE #ES) 415 CL
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LS Fastgdel. 2 &% Bl e-caprolactam FH
gholl glol veast ewtract 7} W-rdrPEd 448 oh
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Fig. 1. Effect of yeast extract on cell growth.
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rig. 2. Effect of pH of the medium on cell growth.

A nl N-2-1 e yeas extracts A 7F1-S » &%
o] A EH gt CLZH4 005% LS ye-
ast extract- & WS Afelx 0.1%E WS =
A2l A AEREE Jehi gl (Fig.1) .
2) pHe %
pol gl elxle pHY Jg FASH $351
CLEMS] pHE 5.000 446 0.0 7h] @fsled 2 &

HES Kol A pHE 7.0 52| gl=h(Fig. 2).

3) mEe 93
B Awel nlxle @mEEY] o T2 @aske] #l 4k
mEEES 150 4 40 °CR 24351 CL IE Huoll 4
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FIg. 3. Effect of temperature on ceil growth.

S0RE EEAF E 2 A AFES LB
Helvh BoEREE 25°CAA 32°C AleldlA A £H
#ow ] 30°ClA FH =f £HES vehig
o} (Fig.3) .

4) s-caprolacam 2] of &

o] Ao ulal e-caprolactam EHES d¢E
A7l Yk - caproladam$ Brphdt CL K Hee!)
e-caprolaciam-2 1.6 %7tx] BERE prste] B 4
HES #Axslgich 48R EEAA KR 0.4% 8
el A R skt EHREE b det(Fig. 4).
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Fig. 4. Effect of g -caprolactam concentration on
cell growth.
5) B2 AHd vlAE - caprolactam®?] feed-
ing HE
#712] CL E#el ¢ - caprolactam$ 0.2% Y3
24 B5R 7322 e - caprolactam-Z 0.2 %Y YelF
w4 24,48,72,96 A 7brbA] EEAA L BR eca -
prolactam 0.6 % “557}2| Askat 7T2RH R A
el £HEs 73 A Jetuteh(Fig.5).
6) SIS =2 Arthrobacter globiformis N-
2-12] BW
BraEnsel) <2 & We) @) e-caproladam 2
o 4L FEsls] 9ske] 04 % e-caprolactam$
7 CL il 4 RMEHES A #Y F4
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Fig. 5. Growth pattern with feeding of &-caprolactem.

The bacteria were cultured in the liquid
medium containing 0.2 % - caprolactam at the
beginning . 0.2 % g- caprolactam were added
to the culture broth at 24, 48 and 72 hr. Arrows
indicate the addition time of e-caprolactam.
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Fig. 6. Timecourse of the bacterial growth.
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(NHy), 50,8+ 01 % NaNO, 5 sl WEFe =
1.0 % $5S Yol 48 B5M B30l 4 maltose, rham-

nose, trehalose, raffmose marmose & 5317 FIB3k

3, xylose, lactose palactose, fructose, glucose, suc-
rose & FIAY o gl Ao debytel (Table.3) |

Table 3. Utilization of sugars by the bacteriz

Sugars ( 1. 0 %) Cell growth (mg/né)

None 02
Xylose 0.9
Lactose 0.8
Maitose L9
Galactose 0.8
Rhamnose 21
Trehalose 24
Fructose 06
Raifinose 15
Glucose Lo
Mannose 20
Sucrose L1

Sugar was added to liquid media containing 0, 1
% ammonium sulfate and 0, 1% sodium nitrate
ingtead of g-caprolactam.

=3 CLIEERM A e-caprolacame]4lel] 0.4 % Hi
g3t 0.1 % (NH,),S0,, 01 % NaNO, & mils 40
B e 4 «-ketoglutarate adipate p-hydroxyben-
cate= & FIHEI T citrate succinate & FIFTsRY gl-
uconate = 2] FIAE -+ glgivl.(Table 4.

CL#zihell 4 e-caprolactam o&lel] 0.1 % 552 2
% amino acid & fnste] 40 BRY T &R ol
©) amino acid & 4 FIHsHE o2 eyl (Tab-
le 5},

Table 4. Utilization of organic acids by the
bacteria

Organic acid (0.4 %)  Cell growth (mg/ né)

None 003
g -caprolactam 1 54
Citrate 0. 97
- ketaglutarate L 47
Succinate 0. 75
Adipate L 65
Gluconate 013
P-Hydroxybenzoate .71

Qrganic acid was added to liquid media
containing (., 1 % ammonium sulfate and
0. 1 % sodium nitrate instead of g-caprolactam



Table 5. Utilization of amino acids by the bacteria
Amino acids (0, 1 %) Cell growth (mg/ rf)

None 003
Valine 0. 37
Gilutamate 0. 40
Arginine 0. 42
Leucine 0. 44
Histidine 0. 40
Threonine 037
Asparagine 0 42
Amino caproate 0 29
Glycine 0. 35
Lysine 0 37
Methionine 0. 2¢

Amine acid was added to liquid media
instead of & -caprolactam,

5. e-caprolactam®| MAKAB £ AT

BB Arthrobacier globiformis N-2-1°] Bz 2
SHRHEA s—amino caproic acid2 8§
BH = wafsbe] $lshe] CLigsel 488500 I8 3
BIBE JOEEs] sl 8 LAl i 8omy
4 1.0% e-caprolactam 1. 0 =%} 0.1M phosphate
buffer (pH7.0) 1.0 n£5 o] 40°Coll A 0,2, 4,8 BF
4] FHEAIZ] & paper chromatography 5. P& 3 4

4 #Esiglcl(Fig. 7).
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Fig. 7.
hydrolysis.

Detsction of product of &-caprolactam

solvent system, BuOH : HAC: W=4:12
(V/V/V); ACA, slandard g -aminocaproic
acid; Dotted spots, unknown ninhydrin
positive substance,
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