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Identification of Black Aspergillus Strains Isolated from

Meju

Seung-Beom Hong*, Dae-Ho Kim, Seon-Hwa Kim, Narae Bang and Soon-Wo Kwon

Korean Agricultural Culture Collection, Agricultural Microbiology Div. National Academy of Agricultural Science, RDA, Suwon 441-

853, Korea

ABSTRACT : Black Aspergillus is important fungus for oriental fermentation industry. Black Aspergillus was frequently isolated from
Korean traditional Meju, a fermented soybean starting material for soy sauce and soybean paste. Thirty three strains were isolated
from 98 finished Meju collected in various regions of Korea from 2008 to 2011, and 21 strains were isolated from in-process
Meju at various farms from 2010 to 2011. The isolated black Aspergillus were identified using DNA sequences of partial B-tubulin
and calmodulin genes. Of 54 black Aspergillus strains, 14 strains were identified as A. luchuensis and the others were composed
of A. niger (n = 21), A. tubingensis (n = 10), and A. welwitschiae (n = 9).
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AL Aspergilluse FF2] HELRol T3 O FEA
ofFollA AFEAZ AMSEE FE SwdelRtal gt
(Murakami, 1976; Kitamoto, 2002). ¢12] 2] Aspergillusﬂ-
sapoR BuHglod AIAOR F8T I 3
2 Aspergillus luchuensis, A. niger, A. tubingensisQ] 2102 1.
=3 JQH(Yamada et al, 2011). ©] Sl B3] A. luchu-
ensise FElUete] Bhde]e) o] A, T3l Fare] B
IR UEA) A FaToR delA Fhe) LA
- F Q3 7O 2 QA=A It (Hong et al., 2013).
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ANEZA wFe) dart 974, 1P
A Ant. FE AobA tekeE BRgew
23l H9= A B vk v
Alet, B8, F30] 5] HFY
T3gole T @A, i,
miegh, A, SRR 2 AR vies 93
Sl= Ao 2 I Uk (Lee et al., 1995). 19901 d] =Hk
of] Wil Malsh= FgolEol thated ZAE O (Lee,
1995) w2 ge] A (AIgHE BRI AR 8]4g vt
W o-&)et T A (F A R ALS) R Qe H)
T3] 54 g AR}l M= Atk (Hong et
al., 2011; Hong et al., 2012; Hong et al., 2013).
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rose-bengal chlorampenicol agar base (Oxoid CM0549), 0.002 g
dichloran, 0.1g chloramphenicol, 1L distilled water]%} DG18
[31.5¢g dichloran-glycerol agar base (Oxoid CMO0729), 220¢g
glycerol, 0.1 g chloramphenicol, 1L distilled water] H}X[S AM&-
3K ZdieHelli= MEA [50g malt extract agar (Oxoid
CM0059), 1L distilled water] HIXE A-8-5}THHong et al.,
2011). 57} 201035E 2011 B2t whaalyel Q= HiE
ZRE] 21 779 HE AspergillusE w-2I5I9=H], Wig=ilA
AL Aspergillus=. Hol= Fi-8 AAOZ FJojx] MEA HIA|
of k= HoE Refsioirt. Eeld d5 e d¥A £
o £ BEEilen APHiA] AlFdel] wigR
Foll 4°Coll BESPAA Aol ARS8l

SR E 54750] AL AspergillusE 5735171 $l3te] FE)
A 5493 24K 54 7 ARSIt FEld 5=
MEA, CYA [35g Czapek dox broth (Difco 233810), 5g yeast
extract, 15g agar, 1L distilled water] B A[doll A 2] == A3
S53 MEA HijR|ol| X &gk T2 gskn|gol] ofgh Al

Table 1. Black Aspergillus strains isolated from Meju
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TES WSl £4H] 4= #181] B-tubulin A
A7MGE AL 0™ B-tubulin FHAA B0 g FA
o] T 8}ER] ek KACC 464929} 46882 112 542 915}
o] calmodulin 314+ A7 ML= $A] 2131340t B-tubulin
9] PCR ZES 91319 bt2a, b2b ZE}0]HS(Glass and
Donaldson, 1995) AF3}33.2 M calmodulin F-3AAF 418 9
31 cmd5, cmd6 Zjo|HE AMESIATH(Hong et al., 2005).
dl=E  97IXE2 Hong S(013)914 AMHE
Aspergillus =079 A EA8IAH 24 5782 S1st
&] MEGA version 5.1 (Tamura et al, 2011) ZZ2 1302 AR
3l om #57F A2l Tamura-Nei A<= A2 AR E-S A}
8313 Neighbor-joining -FrI#AI =S 243153 T
B-tubulin FZA} EA0)] oo WA EelE 54
= A. niger 217, A. luchuensis 1470, A. tubingensis 10 1*
=, A. welwitschiae 9 1172 574 =] {THTable 1, Fig. 1). ©] FllA]
KACC 464929} 46882 T+ B-tubulin -2} 40| 4= A
niger?t A, welwitschiae Afelol A ESHISE RIS Hlot

Aspergillus species Strain no. Meju source (Meju no.) | Aspergillus species Strain no. Meju source (Meju no.)
M29 Yangpyeong (#4) M639 Jecheon (#56)
M532 Hoingseong (#49) M654 Sunchang (#57)
M2009 Yongin (#172) M701 Sunchang (#61)
M2093 Yongin (#172) A niger M826 Andong (#77)
M2096 Yongin (#217) M2108 Buan (#87)
M2097 Yongin (#225) M2110 Gongju (#89)
) M2098 Yongin (#228) M2111 Gongju (#89)

A. luchuensis
M2099 Sunchang (#249) KACC 46497 Yangpyeong (#91)
KACC 46491 Sunchang (#276) M100 Haenam (#7)
M2103 Yongin (#318) KACC 46498 Hoingseong (#51)
M2104 Anseong (#79) M1001 Yeoju (#37)
KACC 46490 Yongin (#80) M1003 Yeoju (#38)
M2106 Yongin (#80) ) ) M1004 Yeoju (#38)

A. tubingensis

M2113 Yangpyeong (#93) M1005 Pocheon (#42)
M44 Yangpyeong (#4) M1006 Anseong (#73)
M224 Cheongwon (#12) M2095 Yongin (#173)
M267 Goisan (#16) KACC 46499 Sunchang (#250)
KACC 46493 Ichoen (#36) M2101 Sunchang (#248)
M458 Ichoen (#36) KACC 46492 Haenam (#7)
M478 Yangju (#44) M268 Goisan (#16)

A. niger KACC 46494 Hoingseong (#51) KACC 46882 Haenam (#27)
M561 Hoingseong (#51) M504 Buan (#46)
KACC 46495 Gimpo (#52) A. welwitschiae M672 Sunchang (#58)
M581 Gimpo (#52) M792 Sunchang (#72)
M602 Kimcheon (#53) M1002 Yeoju (#37)
M619 Tksan (#54) KACC 46496 Goisan (#81)
M630 Gimcheon (#55) M2109 Buan (#87)
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Fig. 1. Neighbor-joining tree depicting taxonomic position
of black Aspergillus strains from Meju. The tree is based on
DNA sequences of B-tubulin gene. Numbers at the nodes are
bootstrap values greater than 60 and the subscript T after
strain no. denotes type strain of the species.

calmodutin -F-7A} EA3elA A, welwitschiaet 2+ 155 B4
sko 2 HIoJE] vAIA)) A. welwitschiaeZ. 25 5=k

A. welwitschiaee TAF X O 2= A. nigere} 7254 25
™ Q23] B-tubulin?} calmodulin®] -4} A7 Gol| <5}
o] == AEEAR] 5 (pylogenetic species)©|TH(Perrone
et al, 2011; Hong et al, 2013). SFATF W5 E2lite] B-
tubulin 3R} F4J0lA A, niger2} A. welwitschiae] F71
HRIek= T HAH O 2N A, welwitschiaeS] F-0 2 A12]
AP Aol gk AAAEZF 27Tt

w25 E B2 A. niger A. luchuensis, A. tubingensis, A.
welwitschiae®] 4 -2 FEH O 2= M2 FEE 471§tk
T2jaL vl M) WA Sl o]} I, ARl
2 wFeld ME T Fol EH7IE sistiet] M2ost
M4 T2 737 1% 59 4 wlgeollA E2]= 2o} Moo=
A. luchuensis=- M44= A. nigerZ. 541k, M1001, M1002 &
A] oJF=9] 3760 Wl A 2] O M1001- A. tubingensis,
MI002:= A. welwitschiae=. 573 = ALY

o5 T FHF o E= ME FREo] HA] BARE A4
© 2 8ks] JHEE I (Fig. 1) B3 AE T2 23} gL
AJehe Ao=E dHA Tt A. nigere} A. welwitschiae2] 73

Fig. 2. Black Aspergillus on Meju. Left, A. luchuensis M2093;
Right, A. niger KACC 46495.

Foll= ochratoxins /33 5= U= WA A. tubingensis2}
A. luchuensis= ©15 BA3HA Fdhe A= d#fA ok
(Hong et al,, 2013). 53| A. luchuensise M7t LGS 9=
S BB el Qo] 7} Sl of| Baw
AR R A0 Yol

A2 Aspergilluse PIF HE 7]l 1202 B3 o]
g ARk o 2= wlF ER ZERdl § Atoldl
s} 0] e el digo e Aol B
(Fig. 2). ©] A9l 3717} FEaHA] &5 wjoll= A5 &
/g8A] @aL dAMIEE AfEh] w2l Mo s ARt
ARbz o7 w59 Fgol= HFe I FARele F=l
A=t 22 Aspergillus®] 7350l 3= #rto] oy}
T W7 Aks 2lo] #HEE AT Fg. 2). 0132 A
Aspergillus®] WA o] FAlolo] F=olMT A=
Fololl Hlshr g<rsiraL i = k.

It o 2 FFPA A= wF2] HeFFolE Folst
=] ket H2Tgo] Folle Aspergillus 2ol = HF7} A
= 2127} HA] edobr] WAYSH= Rhizospus™= AT}, Rhizopus
© =2 g 3 2719 A% Hgel| ] A7)7) el 7
Aspergillus®} A T (Hong et al, 2012). W5 & $7]
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T g 7] WiEel FE Ieodor . 3 A
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welwitschiae 9T SHEJTE. o] T A. luchuensis= 37
o] ghltalal A, A, BrshE waf o] £ AoR
ZARE o] o] 59 AH1E g8l Wit F7ke] A B
g Rlo2 AlsEn

#dANQ| =2

B A= FHEHEAEY 24 (no. PJ00866601)2] A

10} J5}o] Zam 0N ofo] GAE L.

=

Glass, N. L. and Donaldson, G. C. 1995. Development of primer sets
designed for use with the PCR to amplify conserved genes from
filamentous ascomycetes. Appl. Environ. Microbiol. 61:1323-1330.

Hong, S. B, Lee, M, Kim, D. H., Varga, ], Frisvad, J. C,, Perrone, G.,
Gomi, K., Yamada, O., Machida, M., Houbraken, J. and Samson,

Higol A Bt B Aspergillus 5] 54 135

R. A. 2013. Aspergillus luchuensis, an industrially important black
Aspergillus in East Asia. PLoS ONE. 8:¢63769.

Hong, S. B, Kim, D. H, Lee, M. A, Baek, S. Y., Kwon, S. W,
Houbraken, J. and Samson, R. A. 2012. Zygomycota associated
with traditional Meju, a fermented soybean starting material
for soy sauce and soybean paste. J. Microbiol. 50:386-393.

Hong, S. B, Kim, D. H., Lee, M., Baek, S. Y., Kwon, S. W. and
Samson, R. A. 2011. Taxonomy of Eurotium species isolated
from Meju. J. Microbiol. 49:669-674.

Hong, S. B., Go, S. J., Shin, H. D,, Frisvad, J. C. and Samson,
R. A. 2005. Polyphasic taxonomy of Aspergillus fumigatus and
related species. Mycologia. 97:1316-1329.

Kitamoto, K. 2002. Molecular biology of the Koji molds. Adv.
Appl. Microbiol. 51:129-153.

Lee, S. S., Sung, C. K, Yu, G. W,, Oh, C. H. and Yu. H. G. 1995.
Studies on safety and classification of microorganisms related
to Korean traditional Meju. Pp. 391-464. In Yu, J. Y. (ed.).
Study on the commercial scale production of Meju for
Korean fermented soybean products. Research report of
Ministry of Science and Technology. Korea.

Lee, S. S. 1995. Meju fermentation for a raw material of Korean
traditional soy products. Kor. J. Mycol. 23:161-175. (in Korea).

Murakami, H. 1976. Origin of strain of the Black Aspergilli - Taxonomic
studies on Japanese industrial strains of the Aspergillus (Part 25). J.
Soc. Brew. Japan. 71:956-959. (in Japanese).

Perrone, G., Stea, G., Epifani, F, Varga, J., Frisvad, J. C. and
Samson, R. A. 2011. Aspergillus niger contains the cryptic
phylogenetic species A. awamori. Fungal Biol. 115:1138-1150.

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M. and
Kumar, S. 2011. MEGAS5: molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance and
maximum parsimony methods. Mol. Biol. Evol. 28:2731-2739.

Yamada, O., Takara, R., Hamada, R., Hayashi, R., Tsukahara, M.
and Mikami, S. 2011. Molecular biological researches of
Kuro-koji molds, their classification and safety. J. Biosci.
Bioeng. 112:233-237.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


