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Purification and Production Conditions of Antimicrobial Compound from Methylotrophic Actino-
mycetes MO-16. Kim, Hyun-Soo* and Jeong-Soo Lee. Department of Microbiology, College of Natural Sci-
ence, Keimyung University, Taegu 704-701, Korea —~ A methylotophic actinomycetes strain MO-16, which
produce the antimicrobial compound, was isolated from soil and supposed as Amycolatopsis sp. based on taxonomic
studies. The cell-free extract of methanol-grown strain MO-16 showed dehydrogenase activity for methanol and
formaldehyde when various electron acceptors were added for oxidation. On the other hand, methanol did not affect
the production of antimicrobial compounds, and organic nitrogen sources such as corn steep liquor and peptone
were better than inorganic nitrogen sources. These compounds showed broad antimicrobial spectrum to the tested
strains such as bacteria and yeast. The antimicrobial compounds were very stable under heat (121°C), acid (pH 2.0),
alkali (pH 11.0) treatments. These compounds were isolated by ethylacetate extract, silica gel column chromatogra-
phy and reverse phase HPLC. Two compounds(peak 1 and 2) were detected as antimicrobial compounds through
the HPLC analysis. The peak 2 was purified as a single compound and revealed a 98% purity.
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Table 1. Morphological characteristics of strain MO-16
MO-16

Characteristics

Colony morphology on ISP 2 and 4
Periphery
Surface

Localization, localization
Elevated, wrinkle
Aerial mycelium Abundant, abundant
Spore mass color Gray
Spore chains on ISP 2 Rectiflexible, spiral
Color of colony on ISP 5
Substrate mycelium Cream

Soluble pigment Yellow
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Table 2. Physiological characteristics of strain MO-16

Characteristics MO-16

Optimal growth temperature 27 — 30°C
Liquefaction of gelatin
Coagulation of skim milk L
Hydrolysis of starch -
Hydrolysis of cellulose -
Tolerance to NaCl 7%
Meclanin pigment on ISP 7 and 1 Yellow, yellow
Carbon utilization
D-Fructose
D-Glucose
Inositol
D-Mannitol
Raftinose

+ o+

L-Rhamnose
Sucrose
D-Xylose

+ + + |+

No. 20}z A 25z} wjokgt & FA} @njA oz AA3
A3} 7)dARe] BelE Fig 1(A)9} o] & aEle] 2

8] EAE S 9l rectiflexibled 2 Wehgic}, =3t 3
o wiF £ B3 A Fig 1By} 2ol Ex )
E smooth typee] I ZolE 1.5 ume|$om 45 1Pl
spore chains: H{AJSIGT) ol & B2 IR Az EA
s} wiekelal BA 310l Amycolatopsis methanolica®: ¥t
4 el F Belu, sefd EA[3, 131904 Amycolatopsis
spF FALEE RHollA] B BT Amycolatopsis sp.2-2.
FAFNe, T FAS B3] AgHe] A7) Aes)
o}l ALEF, methanol ©]¢] gh919) o]gAde] tlakal A
of|A] facultative methylotrophic actinomycetes®. T=|gie}.

Methanol A&l HE

Methanol A3} ¥FT9] methanol AFE7] 7= Gram(-))
ol ¥ls] ERsE Ao|A methanol dehydrogenase(MDH),
aldehyde dehydrogenase(ALDH)el| H&F €157} Amycola-
topsis methanolica® FH22 AF7F FElxo] ghrl(l-
3,6,18]. o5 Bdo] 7[5l AHAEAZA PMS/DCPIP
[8]. MTTI[1, 17], NAD[4] &°| Fghehe= Hile] ulel
FAT methanol AFFEA A4S AESGT) 1% me-
thanot #1718k wizlell A B2] F52 ujksie] Ay A
Al MDH % ALDH®| 34-& £4317| $13le] Ak 4=
4AZ PMS/DCPIP[8], MTT[1], NAD[4]Z AHsie] &
2AE B3 Table 3oA] Hi whel o] 2 34
57} A= MDHE ARE3 2 PMS/DCPIP %
MTTS o]-83h= Aox ZA=Er ALDHY 7ZA$ PMS/
DCPIP, MTT, NAD7} He]2 o2 HApLA R o]&%}
2 AkEHYE. o) A= Amycolatopsis methanolica®)

Fig. 1. Scanning electron micrograph of strain MO-16.
Cultivation was performed with ISP medium No. 2 at 28°C for
14 days(A, X7,500) and 21 days(B, X 15,000)

Table 3. Specific activities of dehydrogenases of methanol and
formaldehyde in cell-free extracts of strain MO-16

Enzyme Substrate Electron Specific activity
acceptor (munit/mg)

DL-ADH Methanol PMS/DCPTP 18.0
DL-ALDH  Formaldehyde PMS/DCPIP 20.0
TD-ADH Methanol MTT 50
TD-ALDH  Formaldehyde MTT 4.3
NAD-ADH  Methanol NAD -
NAD-ALDH Formaldehyde NAD 550

PMS: phenazine methosulfate, DCPIP : 2,6-dichlorophenol-indophenol,
MTT: 3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide,
NAD: micotinamide-adenine dinucleotide.

74 ADH7} 3379 submnit®® TAdEe] z4zk N, N-
dimethyl-4-nitrosoaniline, MTT & 5-diazaflavino] A}
44224 methanolike] Feddei= B [1)8} ALDHS
73% A2 DCPIP, Mo protein[19]°] o]&=w] 3
72 subunity: 4FF molybdoprotein dehydrogenase
[Ohs 2o} vlwdt o) & FAFE Alslel] dekst 2]
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Table 4. Effecl of methanol concentration on the antimicrobial compound production

Inhibitary zone(mm) 1o the incubation time(days)

2l
Lon}:\:r?tlxl:\t?c?rll(%) 2 3 4 5 6 2 3 4 3 6
E. coli K-12 B. subtilis PCI 219

0.5 ++ ++ +++ ++ ++ + ++ ++ + +

I ++ ++ +++ ++ ++ + ++ ++ + +

2 ++ +4++ +++ ++ s + + ++ + +

3 ++ et +++ ++ ++ + + + + +

4 ++ ++ +H+ + ++ + + + + +

5 ++ ++ ++ ++ ++ + + + + +

Cultivation was performed with a 25 ml portion of each medium in a 100 ml Erlenmyer flask for 2 ~ 6 days at 28°C. Plate assay with Bacillus
subrilis PCI 219 and Escherichia coli K-12 IFO 03301 were used to monitor antibiotic production. +,- : diameter of inhibitory zone (- : no

inhibition, + : under 12 mwm, ++ : 13 ~ 16 mm, +++ : above 17 mm)
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128} B. subtilis PCL 2195 djale s 373S FAlg 4
7} A B ke methanol—‘a] =L =4 oS
2] ghgkort wlek SUAFEE= FHadls A Vel
giom FTHE GH+WITES GEAlT s AAE B
Grt. o] A7z B o MeixeM g B2 Aake
A AEE 5ol methanolly} AREEE 2lA49le] of 5k

ofelehn TS

Table 49] AFjel|r] Rel wie} zhe] FAFS oA £
A AAkel methanol®] Fio] whE ofgke] =A] ¢k A

A Are] Fiel whE et Ede] S AES)
Rt HH‘»} AE+HA)9] methanole] el MafAlell 7}
Zve) 7] L Fr\ALAL 0.1% Hr)sle] 5Uzb vfoFs)
Si= u]]olconz g g BAL Table 4ol|A]e} 7he]
XGF E. coli K-12 & B. subtilis PCl 219% WAL2E
3o YT EAZ FESGE. Table 504 B nfe} 7Ee]
ﬂq"‘é%’ﬂ-ﬂ AAre {7] Al comn stecp liquor,
peptone®] PTElEkT HekE gl o, Fr) A0 Ay F
T4 4L A9 AkslA] ok AAF Bl

et spectrum

FA TF MO-160] BAakshe A5 AE o &
AFEAES AEsP] 93k, AujohiR]d Muf=]e] slant
BYE] iG] AHEsle] 28°C, 150 rpmellA 27E AwloF

AR E M SEQl Mo 3 % methanole] 1% 718 MR ALY SZ pe-
Table 5. Effect of nitrogen sources on the antimicrobial compound production
Inhibitary zone{mm) to the incubation time(days)
Nitrogen source 2 3 4 5 2 3 4 5
E. coli K-12 B. subrilis PCI 219
Asparagine - - - - - - - -
Casamino acid + ++ ++ + + + + +
Corn steep liquor ++ ++ -+ ++ + + + +
Leucine - - - - - - - _
Meat extract + + + + + + + +
Peptone + +4+ 4+ ++ + + + +
Soybean meal ++ ++ ++ ++ + + + +
Tryptone ++ ++ + + - + ¥ +
Urea - - - - - - - -
Yeast extract ++ ++ ++ + - + + +
(NH4)250, - - - - + + -
NaNO3 - - - - - - - -

Antimicrobial activity was detected as described in Table 4
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Fig. 2. HPLC elution pattern of the antimicrobial compounds.
The elution was done on ODS column (Shimadzu Shimpak) with
methanol: THF:H,O (3:3:5) as solvent at flow rate of 1.0 ml/min and
detected at 254 nm. THF; Tetrahydrofuran.
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Fig. 3. HPLC elution patiern of the purified antimicrobial com-
pound 1.
The elution conditions werc identified as described in Fig. 2
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Table 6. Antimicrobial specira of antibiotics produced by MO-16

Samples
Strains
Culture broth (20 pl) Ethylacetate extract (2 pg/20 ul)

Gram(+) bacteria
Baciilus subtilis PC1219 13 12
Bacillus megaterium 16 14
Bacilus thermoglucosidius 19 17
Bacillus licheniformis TFO 12197 18 17.5
Mycobacterium smegmatis KCTC 1057 16 13
Mycobacterium phlei KCTC 1932 15 12
Staphylococcus aureus KCTC 1927 15 12.5
Serraric marcescens 185 14.5
Streptococcus equii 16 16
Streptococcus zooepidermicus 16 15.5

Gram(-) bacteria
Escherichia coli K-12 16 15.5
Escherichia coli KCTC 1923 16 15.5
Pseudomonas aeruginosa XCTC 1930 16 16.5
Pseudomonas fluorescens KCTC 1645 16 15.5
Salmonella typhi KCTC 2424 - 12
Salmonella paratyphi 13 14
Salmonella typhimurium 13 13.5
Enterobacter aerogenes 16 135
Proteus vulgaris 12 11.5

Yeast
Candida albicans KCTC 1940 - -
Saccharomyces cerevisiae - 13

Fungi
Aspergillus fumigatus TFQ5840
Aspergillus niger KCTC 6983

Culiivation was performed with a 100 m! portion of each medium in a 500 ml Erlenmyer flask for 5days at 28°C. Antimicrobial activity
was lested by agar diffusion method (paper disc) using culture broth (20 W) and ethylacetate extract(2 Lg/20 W)

Table 7. Residual activity of the anilimicrobial compound by
acid, alkali and heat treatments

Inhibitory zone(mm) with each treatment

Strain

None Acid Alkali Heat
E. coli K-12 16 16.5 16 15.5
B. subrilis PC1 219 13 13 13 12.5

Culture broth was treated at pH 2.0, pH 11.0 and 121°C, respectvely.
Residual activity of antimicrobial compound was detected as descri-
bed in Table 4.

Table 8. Antimicrobial activity of eluted peaks®

Inhibitory zone(mm)

Peak?
E. coli K-12 B. subtilis PC1219
1 15 13
2 20 16

a: The peak come from peak 1 and peak 2 from HPLC elution pat-
ternn of Fig. 3. b: Each peak was prepared from the three runs of
HPLC in Fig. 2.

wpAEel MO-16 755 2elsle] 49 A, A 24
o AA W i 21E HFEsgo BEgF MO-162

wloFebe | Sejskd, A=ld A 9 | RS Bk
Amycolatopsis sp.2 2 FAFHGC =3 FeldF
methanol AL EA AL AEsE Al Alle]| clokst A
AgAE 712= multi-enzyme] AAte] o= Rt
A B4 Al methanold] FEt & Gkl ¢llom,
Argdoze 4712409 corn steep liquor?} peptoneo]
$aledt. MO-16 w50l o8] AJatel A Ede] 8
T spectrume Gram(+) ¥ Gram(-Wel gt a3
Boion, ethylacetate F+5EL) A HER= FAHE 1}
el A B3le) e ZAkat A AR pH
2.0), ¢FkIx=l(pH 11.0), FA={(121°C, 17|, 30%2)%t
A A=l FUdg AEAE El HolA EeldF
MO-160] AAlehe A F2-2 proeind E2l0] o™
s oE Ealql Zow AFYCL I E52
B2 wjokB S ethylacetate® FFE3dte] 58k F silica
gel column chromatographyZ =333 v}& reverse phase
HPLCEH $X319ct. T 7] peakE Lelsle] #3A
4 ZAEg AF} peak V) 77 ATHE BHOH, peak
22 AAIE A3} retention time 19.178%f] = peak=H|
el en] AAEE 98%I.
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