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Abstract: [Objective] To optimize the experiment protocol of ultraviolet (UV) radiation of Bacillus
subtilis so that students can get better results in the experiment lesson. [Methods] We optimized the
protocol by determining the best bacterial cultivation, estimation of viable cells, and UV-radiation
parameters. [Results] Liquid medium was better than agar slant to obtain a homogeneous suspension of
cells. The cell amount of the initial bacterial suspension was estimated efficiently by turbidimetric
method, which was convenient to dilute the initial suspension to a concentration of 10*~10° CFU/mL.
Dry surface covered with dry dish was necessary for the formation of singlet colonies on a
bacteria-inoculated plate. During UV exposure, the lethal effect was affected by the adding volume of
suspension and mixing speed. [Conclusion] The optimized protocol produces repeatable results easily
and can be used for teaching or research.
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Figure 1 The relationship between concentration and
0Dy of B. subtilis suspension
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Figure 2 Growing of bacteria inoculated on plates
TE: A RABTFES; B: RECRET ISR, C. REGTHIEIRILEE MR MR K.
Note: A: Dry plate; B: Slight liquid-layer-covered plate; C: Dry plate covered by dish attached with water beads on the inner side.
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Table 1 The effect of ultraviolet radiation on cells in different suspension conditions

B AR A P

Xof M L 37 T A

i S A TR EE

Volume of suspension Stirring speed Colony forming units in the Colony forming units in the Fat lﬁl ﬁﬁ% %
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6 2 2.52x107 87.65
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Figure 3 Relationship between ultraviolet radiation dose
and lethal effects
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Table 2 Results of protocol verification experiment

e :[1| 3 ; :3‘-»¢r!| ¥ .
MR wa MR FiREIE o TR teim
g Stimated concentration a 9 ctual concentration 9 a 0
ODgo of suspension Treatment (CFU/mL) Degree of dilution (CFU/mL) Living rate (%)
0.80 CK 2.92x10° 5%10°° 3.29x10° 100
' UV5s 4.39x10’ 5x10°° 431x10’ 13.10

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



700

WY@ 4% Microbiol. China

2016, Vol.43, No.3

2 £ X

(1]

(2]

(3]

(4]

(3]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

Zhou Y], Liu Y, Dai JF, et al. Exploration and practice on the
reformation for the microbiology experiment teaching
methods[J]. Microbiology China, 2009, 36(10): 1609-1613 (in
Chinese)

JAEA, X, R, . A SRR AR IOE R RS
SEER[T]. A AEaE R, 2009, 36(10): 1609-1613

Hong L. The exploration of modular teaching pattern for
Microbiology =~ Experiment in  Peking  University[J].
Microbiology China, 2014, 41(4): 744-747 (in Chinese)

B, JERURA A Y SE R A A e R R (0], Bk
Y2l IR, 2014, 41(4): 744-747

Xiao XZ, Peng F, Che J, et al. Exploration on innovative
experimental item construction for isolation of microorganisms
in soil[J]. Microbiology China, 2014, 41(12): 2525-2529 (in
Chinese)

Hgrh, 207, G, . QU SR HeR I R R
RK—— U E Y B SR, feEYeEiER, 2014, 41(12):
2525-2529

Li LZ, Lin H, Chen XZ, et al. Reform and practice of

environmental engineering microbiology experiment teaching[J].

Microbiology China, 2014, 41(10): 2149-2153 (in Chinese)
Eg, AR, BRFBEL, 5. PRI TRRGUE Y SEmBE
B SRR A s, 2014, 41(10): 2149-2153

Yuan LH, Zhou H, Wei P, et al. Probing and practising of
improving the microbiology  experiment teaching[J].
Microbiology China, 2008, 35(4): 614-618 (in Chinese)

RANZL, A, B, . REMEY A TIRBCERCR W
BRG], W Yr2Eid, 2008, 35(4): 614-618

Liu ZW, Qu NR, Gao DW. Opening experiment of
microbiology[J]. Microbiology China, 2011, 38(1): 118-122 (in
Chinese)

XA, HAEE, =L AT SR AR R S 0
], AR, 2011, 38(1): 118-122

Zhou DQ. Microbiology Course[M]. 3rd Edition. Beijing: Higer
Education Press, 2011: 198-216 (in Chinese)

JETEPC. WUEY R EAR M. 3. dbal mARECR AL,
2011: 198-216

Sheng P, Chen XD. Experiment of Microbiology[M]. 4th
Edition.  Beijing:  Higher  Education  Press, 2007:
32-34,51-54,126-131,208 (in Chinese)

W, BRIZR. UEFSEBeM]. B4R, dbnt: m5EE !
Ak, 2007: 32-34,51-54,126-131,208

Mao N. Arabidopsis genome sequencing and plant functional
genomics[J]. Microbiology China, 2001, 28(3): 96-98 (in
Chinese)

T, M TR MEY LRI BRCERER D] MEY
SR, 2001, 28(3): 96-98

Zhang XH, Hu QP, Zhang LH, et al. Design and practice of
experimental teaching of microbiology relevant course[J].
Experiment Science and Technology, 2009, 7(4): 113-115 (in
Chinese)

SKRFFLL, WITFT, IKMNLL, 5. WUEY EAR IR S I A
BB S SRR T]. SRR 5 HOR, 2009, 7(4): 113-115
Schallmey M, Singh A, Ward OP. Developments in the use of
Bacillus species for industrial production[J]. Canadian Journal
of Microbiology, 2004, 50(1): 1-17

Hu DP, Tang JY, Cao Y, et al. Isolation, identification and
enzyme system distribution of bacterium Bacillus subtilis[J].
Fisheries Science, 2008, 27(2): 86-88 (in Chinese)

BTN, RS, WL, AR RNEEEF AR TR 03 88 e KOG
RO EIREFE[I]. KF=Rl2, 2008, 27(2): 86-88

Peng WH, Li LP, Liu SQ, et al. Research on effective time of
ultraviolet germicidal irradiation for air disinfection in a low
temperature environment[J]. Chinese Journal of Modern

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Nursing, 2011, 17(22): 2637-2639 (in Chinese)

STLL, WPk, XIRER, 55 ARERAM T SO B GT AT
23 S A RO B RE ST 0], P AR BRI B AR, 20110,
17(22): 2637-2639

Zhou J, Huang XH, Xiao BM, et al. Identification of a
multi-functional  Bacillus strain[J]. Chinese Journal of
Microecology, 2013, 25(9): 997-1000 (in Chinese)

R, LERE, M okHE, SE. — PR IIREZF AT IR Y4 E D).
Hh A A2 4R, 2013, 25(9): 997-1000

Dai SY, He YJ, Shen WS, et al. Mutagenesis of a phosphate
dissolving bacterial strain by UV and its application to rice
cultivation in red soil[J]. Ecology and Environmental Sciences,
2010, 19(7): 1646-1652 (in Chinese)

WIRHE, Bas, BT, SF. — Rk e RBUR BRI 1 5T
AT M AR LR Wi I BCR 0], ARSI 4R, 2010,
19(7): 1646-1652

Zhang T, Liang HQ, Yang H, et al. The breeding of
high-producing polysaccharide 202 strain by UV induced
mutagenesis[J]. Guangxi Journal of Light Industry, 2005(3):
16-18 (in Chinese)

SRR, BRMERK, MR, SF. SRR Ik 7 T A MR SR
PS202FBERIIFSE[I]. T PEEE Toll, 2005(3): 16-18

Liang JZ, Li YH, Fan HC. Screening of y-Polyglutamic acid
high productive strain using crop materials and optimization of
fermentation condition[J]. China Biotechnology, 2007, 27(12):
46-51 (in Chinese)

BEhh, et JUHLE. TORERHE ™ y-RA AR E
BREETT S R B AR LA ], AR TR 2R R, 2007,
27(12): 46-51

Jia J, Guo XH, Hui M, et al. Breeding of an anti-microbial
Bacillus strain and study on the anti-microbial protein from the
strain[J]. Science and Technology of Food Industry, 2005,
26(11): 53-56 (in Chinese)

SO, SWAME, B, S AT R21-4MIFER R
HPUrA & AR F T[T, &8 Tk B, 2005, 26(11):
53-56

Yin MH, Xu H, Cheng DL, et al. Selection of high
acetoin-producing strain of Bacillus subtilis by UV mutation[J].
China Brewing, 2010(4): 76-79 (in Chinese)

TYUI:, R, RRIBONR, GF. AR E 3R A T A
FOFAUATH]. PIEIBGE, 2010(4): 76-79

Chen FL. Selection of stains for xylanase synthesis[J]. Bulletin
of Fermentation Science and Technology, 2012, 41(2): 21-24 (in
Chinese)

PRIRGE. ARMENG & R bR F ). K RRHER,
2012, 41(2): 21-24

Xie FX, Zhao YJ, Zhou K, et al. The isolation, screening and
ultraviolet mutation breeding of Bacillus subtilis strains
producing extracellular amylase[J]. ACTA Agriculturae
Boreali-Sinica, 2009, 24(3): 78-82 (in Chinese)

PR, BN, AT, AR RSN by B T ZF AT Y
S Ok SR AMBAEF R ARALAR 2B, 2009, 24(3):
78-82

Yang S, Wang JS, Yang XIJ, et al. Review on Bacillus subtilis
mutagenesis high yield strain[J]. Academic Periodical of Farm
Products Processing, 2014(3): 76-78 (in Chinese)

Rk, EaK, /ME, F MR R TR T T
R A= T. (), 2014(3): 76-78

Bian CY, Huang ST, Pan DR, et al. Breeding of UV and
EMS-induced mutant strains of Bacillus subtilis with enhanced
thrombolytic enzyme production[J]. Journal of Fujian
Agriculture and Forestry University (Natural Science Edition),
2014, 43(3): 312-315 (in Chinese)

TORWE, WA, WA, GF. FIAISRSMEA EMS IR E
PO R AUAT R[], AR R AR A AR,
2014, 43(3): 312-315

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


