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Isolation and Characterization of D-c-Amino-¢-Caprolactam
Utilizing Bacteria

Choi, Sun Taek*, Heui Dong Park and In Koo Rhee

Department of Agricultural Chemistry, Kyungpook National Un. sersity, Taegu 635, Korea

A bacterium which grows on D-c-amino-c-caprolactam as sole carbon, energy and nitrogen
source was isolated from the sludge of industrial areas in Taegu, and identified as Alcaligenes eutro-
phus. The optimum pH, temperature and concentration of D-¢-amino-c-caprolactam for the growth
were 6.0, 30°C and 0.2% respectively. The bacteria could utilize glucose and fructose as a carbon
source, and utilize ammonium chloride, ammonium nitrate, ammonium suifate and sodium nitrate
as a nitrogen source, and utilize L-lysine and L-glutamate as a carbon and nitrogen source. It was
found with thin layer chromatography and polarimeter that D-z-amino-:-caprolactam was con-
verted to L-lysine by the cell-free extracts of Alcaligenes eutrophus AS2.

L-Lysine-& <
®ak ope}l A4 ofw|wAt F
uff Fof| u]AEoll &3 [-lysines] AB4koll =3} wl
A7 2zrb oich 1889 Drechselol & &
-casein F#dollA L-lysinec] #eld o|% 3t

g4 (1, 2), HEH G5 Foll o3 L-ysine
ol AMuE ot AAH R T2 WA Y
3}

o o oo ok fo rfe Mo
.&ir}Nr?.:.&L}m

BT P
1 e-caprolactam, cyclobexane, dihydropyran &
27 ¥y A 7153 D- a-amino- e -caprolactam
(DAC) % L-a-amino-¢ -caprolactam(LAC) 2. &
Heo] Ldysine A4kel A=Ee(6), LACE &
8 Liysinee® AZNZ F & =ld2zAe
Aspergillus wustus, Crylococcus laurentii, Candida
humicola, Trichosporon cutaneum S°o) %A 3l

(7, 8). . ¥ Fukumurat DACe|A Aol 7}

o

%8 Achromobacter obae, Achromobacter cyclo-

Key words: D-2-Amino-c-caprolactam,
* Corresponding author

clastes, Alcaligenes faecalis, Flavobacterium ar-
borescens & (9)% E2l3 F Cryplococcus laurentii
9] hydrolase®} Achromobacter obae2] racemase®
Abg3lel DACEZ 28 Lysinee 24 A#E A=
& vk Ueb(10), ol9tze]l DACE ¥-¥ L-ysines
29 Aol dateds TR AFS o&37 29A
ol odedA] ¢S W & ol o7 iy e AA
olt}, B adFolxE DACE HE L-lysinee 9
AZsol 48 ATE ¥ T 2 A4S =4

34 7)ol Bishiat g,
Mz o Uy

oy A

D- o -Amino- ¢ -caprolactam {DAC) =3t %2
o wjekz7lE AR $8 WAz DAC 0.2%,
K,HPO, 0.2%, KH,PO, 0.05%, MgSO,-7H,0
0.02%, FeCly-6H,0 0,01%, yeast extract 0,05%
£ ZH5o 59 pHE 6,002 =4I ¥ 120Ce!

L-lysine, Alcaligenes eutrophus

369



ol 15%-7F B AA BHX] (o3} DAC wix|=} o)
o
S

2 AHgich Fo ®EL DACHAC 1.5%)
QU2 AT AuAdl LALeh Achlopsle A

DAC Xiztze| 22

100m! A7ZHZab 3o DACHEA] 20miE 22
A7 A3 shalel 94 9 29 ®oko4] M3 E] &
A& 0.1g% AZst] 30CAA 1597 DAC A3}
T AAAZ 3T gabejobio] o waEesad

o},

22|79 =3

2217 Fey 1w Agedd GHe z=ad AL
7122 3o Bergey's manualell wel £5F 545
oH(11),

Mer £H

2 85+ Bausch & LombAbe Spectronic
2022 600nmef A9 FFEE FHsgien A2
A FHe wjorle] AHFAES 105CelA FEol
o 72 Az Tkt §FEode dAZ FH
absledct, 600 nmollAlel 3571 1,090 wfokl2
AzFA 0.62mg/ mid] A=sadct,

C vixloll gHApHdo s Fe & WG
olg] & Zd%é}ml 30°CoAl A 20417F 120 strokes/
Bl ofsldor] 2 uﬂ ok DAC wj
2] o] %H}P o % 1% A AFe T 48417k F9lF
oz siadct,

DACS| &gt

DAC® #Aek2 Kinoshita, Fukumura % (7, 12)
o] uhdlo] ulz}l oh&-3} o] A8}t n-propanol :
289% NH,OH(7:3, v/ v)& AMLolE 3dle] Fol
zZ2utE W93 & ninhydrine 2 24 5[0 A
DAC 9% #ehlle] CuSO2 EFHAZ 75%
ethanol 5miel 10%7F £%A17 517 nmolAle] &3

=5 %Zéfﬁ ¥ 3FEAT ALY AR o4

50 mM Tris-HCl <b&f

Kor. J. Appl. Microbiol. Bioeng.

AAgd & fﬂ"%"l A BT
ultrasonicsAte] g3} shAl71E 90 pAolA 8¥-3F
A2 A7) o& 27,000X g2 3087k %*u—'ir-al—?s}o% Qd
o ASalS 20Co] Bastuix FAL ZEAog
ARg-skadct,

(pH8.5) 2 = 231

Faus dModgel 3 o HBE £F

2.0% DAC 0.25mi¢} 50mM Tris-HCl
(pH8.5) 0.65mlell FAIZ ZZl 0.1m1% %
sted 55ColAl 124]7F ukS-4]7] 3 100ClA 587
i ste] Al E2 3 AMEAS 20mM Tris-HCl
2ol (pH8,5) 2.2 1047k FA4% 72 A58R 3%
v}, «]8329 wSAAdEL n-propanol : 28% NH,
OH(7:3, v/ v)& AMEoNZ 3l silica gel W&
azvoleaey] sgend(7, 12, 13) digital AlFA
(Jasco DIP-360)24 AF=E FHste FH3A
o}, EF Llysine®t DAC? A#=x A7 (o)F
=+19,5, +31°(C=0.5, 20mM Tris-HCl %3l
pH8.5) ]

>~9- lir\(—)' [ “'-3‘-" J?:,

Al <

DAC, L-lysine % ninhydrin® Fluka#} silica gel
TLC plate Sigmarte] A& AE-3H5ond 718} 4]
ok A3k BF-E A3t

A =}
D-a-Amino- e-caprolactam(DAC) Xt3tzZel =28

T 22e TR FH9 By ez FH
SRR 5 elr9lo g =3
8 4 e AT 65% Erlsted 2 FolA DACH

45l FA4 sl W 12 (AB2)E ¥
o2 3t ZFAIT (A52)E Gram &
Ao A& F Fo delv "W gsler
gl oAl el A FEA 0] et Al DAC #i=]ell
Al AAZE wjokell ofste] w7} <igt Aoz &
=9l gelatin, starch, tween 802 b3l
4 gloich,  Nitrate®: U472 catalase

A A3 2 glucose, galactose, man-

J

oxidase &
nose, maltose, sucrose, lactose, trehalose, man-
nitol 5ol thah wEA oW A AAFHl gl
o 8 st EMdog Fe AS2E Alcaligenes

eutrophus AT 2 A5t (Table 1),



Vol. 15, No. 6

Table 1. Morphological and physiological characte-
ristics of the isolated bacteria

Gram staining -

Motility +

Morphology straight rod

Colonies circular, entire, convex or

pulvinate opaque and white or
cream colored

Gelatin hydrolysis -

Starch hydrolysis -

Tween 80 hydrolysis -

Nitrate reduction

Catalase

Citrate utilization

MR test -
Oxidase +
Indole production -
VP test -
Nutrient broth turbid
Anaerobic growth )

with nitrate
Anaerobic growth

with nitrite B
Sugar fermentation Neither acid nor gas was pro-
duced from glucose, galac-
tose, mannose, maltose, su-
crose, lactose, trehalose, and

mannitol

Symbols are; +, positive and -, negative. The bac-
terium (A52) was identified as Alcaligenes eutrophus ac-
cording to the characteristics.
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Fig. 1. Effect of the concentration of DAC on the
growth of Alcaligenes eutrophus A52.
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Fig. 2. Effect of temperature on the growth of
Alcaligenes eutrophus A52.

3 pHy 6, 0429 o} (Fig. 3).
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Fig. 3. Effect of pH on the growth of Alcaligenes
eutrophus A52.
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Fig. 4. Time course of the bacterial growth and
substrate consumption.

e - o: dry cell weight, 0 — O: concentration of DAC,
®-A: pH
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Table 2. Effect of sugars on the growth of Alcaligenes
eutrophus A52

Sugars Dry cell weight(mg/m{)
None 0.25
Glucose 1.28
Fructose 1.25
Mannose 0.70
Galactose 0.70
Ribose 0.44
Rhamnose 0.44
Raffinose 0.37
Xylose 0.50
Sucrose 0.62
Maltose 0.70
Lactose 0.50
Trehalose 0.40

The sugar (1.0%) was added to DAC medium containing
0.2% ammonium nitrate instead of DAC.
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Table 3. Effect of nitrogen sources on the growth of Al
caligenes eutrophus A52

Nitrogen sources Dry cell weight(mg/mJ)
None 0.31
NH,Cl 1.15
NH,NO, 1.35
(NH,),S0, 1.20
NaNO, 0.37
NaNO, 1.12
(NH,),CO 0.56

Nitrogen sources(0.5%) was added to DAC medium
containing 1% glucose instead of DAC.
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Table 4. Effect of amino acids on the growth of Alcali-
genes eutrophus A52

Amino acids Dry cell weight(mg/ml)
None 0.13
Arginine 0.33
Aminocaproate 0.26
Asparagine 0.34
Glutamate 1.12
Histidine 0.75
Lysine 1.24
Leucine 0.35
DL-Methionine 0.14
Proline 0.62
Phenylalanine 0.18
Threonine 0.50
Tryptophan 0.13
Tyrosine 0.14
Valine 0.14

Amino acid (0.2%) was added to DAC medium instead of
DAC.

AZ FZloz 1247F whga]7] AA

=+ uE 2
2ot s g A lysinee 2 #elsglch A4
9 AFEE [o]®=+19,10°(C=0.5 20mM
Tris-HCl £k%-8 pH8,5) 24 oF 989% L-lysineo]d
o} (Fig, 5).

ol

LA

T 22 FgHA FY9 B s oy
#8  D- ¢-amino- e -caprolactam (DAC) <
MU 2 Axzdoz A ogT
Alcaligenes eutrophus A52% 231G},
253 7124 HA)A e 2z 2z
AHE3ted DACE 3Bl L-lysineo.29 AH3he ulz
Azeteadiel ABAZA  #@lsgdch(Fig. 5).
D-a-Amino- e-caprolactam .2 #¥ L-lysineo &
o Aol Hslole Py Busb 9eh(6-10).
L-a-Amino- e -caprolactam (LAC)-& =#}3}at 4 9|
= w|UERAE Aspergillus  ustus, Cryptococcus
laurentii, Candida humicola %  Trichosporon
cutaneum =2 FHo] (6)9F L2 (7)7} deiA glo
o DACE A58 4 U&= v BEZAE Achromo-

fru

oS
o,

e + il
2 32
o ajo e

of

373

A B C

Fig. 5. Identification of conversion of DAC into L-lysine
by cell-free extracts of Alcaligenes eutrophus A52.

A: Std. DAC, B: DAC + cell-free extracts, C: Std.
L-lysine. [e]¥ determined with polarimeter (Jasco
DIP-360) was as follows; A: +31°, B: +19.1°, C:
+19.5° (c = 0.5, 20mM Tris-HC] buffer pH8.5)
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