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Profound truth and intelligent connotation contained in
Microbiology: exploration on the intelligent teaching mode
characterized by “trinity of intelligence” of Microbiology

ZHANG Hongyang, WU Tao, WANG Suying, RUAN Haihua"

Tianjin Key Laboratory of Food Biotechnology, School of Biotechnology and Food Science, Tianjin University of
Commerce, Tianjin 300134, China

Abstract: With rich connotation and wide extension, Microbiology provides the theoretical
basis and practical guidance in the cultivation of talents majoring in biological, food, and
pharmaceutical sciences in colleges and universities. However, the current teaching mode of
Microbiology is not suitable for the training goals of talents targeted at the development needs
of national and regional industries. This study incorporated the concept of artificial intelligence,
which has developed rapidly in recent years, into the teaching of Microbiology, creating an
intelligent teaching mode characterized by “trinity of intelligence” (integration of intelligence
into the teaching contents, evaluation of whole-process intelligent teaching, and progressive
cultivation of intelligent thinking) of Microbiology. This teaching mode gradually improves
students’ intelligent thinking and helps to achieve the goal of fostering innovative and

application-oriented talents.
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Figure 3 The progressive cultivation model of intelligent thinking in Microbiology.
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Figure 4 A comprehensive evaluation model for the teaching process of Microbiology.

SRR B S BT PN 7 O 2 A TR Y 12k
B, AW SO T

RE5RE

KRR, ARZ w55 0m OHoE A\ S Em
BT A IR R R e, YFR A
G o A AR BUE Y A A A AL, ISl
V) FEATT LA RE , 3R o A o0 A A D 5T
PR AR A RBUE Y 2 R 2R A R, IR
Horvoh Suer . IRRBREBURR . e
e AT RAS T 0 AL, ARG R 55 T
RAFHE ANA IR AT RTA B KA
FEELRR , 4G S G TTAL 2 0 A R AN A6 AR
e, SR A YA R B S TR REIX
— LRI AR K TT 1 A WU, B s AL fil

4

APy IR B R [, TS AR YA R R
(8 D13 S A SR AR BE T 10 1 , Dk R PN 2 ) 3
AEfL . 2L HERARTHTAL , A RCE LA ST
DRAE AP RTTT£R Z (8] A9 28 D) 5C Kk

A B — T 1 AR AR T A X R AR
ARG B DA AT BE , InGxs FIF i . RS
A AT R A S, LA IR, R
AEHIMAHT; o — 5 i dsR Al 1 AT RO X R
e HAR BB H AR B N HAr A iR 2R,
I R4 e LU A B o R AL S B TR AR
THR AR BIR RSP %

SRR R A, AR A BT
ANA SR AR S B, A R R I A= R 2h
REMYREE RS S Rpge b, i 2 B <oA= 9
R BE A Y S B UL, ASBEREOHT

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



KED F | “BEAN, “BBAAY: “Z8—FAHENFRIETEHFRARER

3759

R B R, B AR R SR R A R Y 5 )
YRR B RS, SRR AR AT A
&S, AR A B R AN T
RETARGEATHE AL T35 T S2 B A9 B m] REAE:
Red g, B 2 RN R ek A A
B4 H B TR AR B IR FE Al

REFERENCES

(1]

BHE, EHE, BRI, SR, M, SR,
o X R B W IR 0 O B R R R D]
BTRHE, 2023, 39(2): 173-175.

SI ZY, LONG XF, ZHAO ZY, NIU FX, WU SH,
HUANG CJ, YI Y. Exploration on the reform of
classroom teaching methods of Microbiology in
colleges and universities[J]. Light Industry Science and
Technology, 2023, 39(2): 173-175 (in Chinese).

I, NIBRBK, E R, BRAE, UBEEL B4R, R
TR 5 2 B AE SURRUAE W) 7 S B B AR E S (D],
R ARG, 2019, 36(2): 114-117.

XIE H, YING QQ, ZENG Q, CHEN D, SHEN XM,
LIANG JM. Research on the teaching reform of
interdisciplinary ~ microbiology in  engineering
colleges[J]. Journal of Biology, 2019, 36(2): 114-117
(in Chinese).

sk, FE A, WidEdE, S, BRI, TRk,
2227 b A8 S T e PR A A 3612 W 2 50
BRI, AR EZIRIK S B F, 2022,
20(5): 442-444.

ZHANG R, ZHOU HW, HU YY, CAI JC, CHEN GX,
SHEN ZQ. Discussion on postgraduate teaching mode
with  the
introduction of interdisciplinary[J]. Clinical Education
of General Practice, 2022, 20(5): 442-444 (in Chinese).
MARF, VLK, VPR I E3F. BT TRAF L
PRIl 75 3R O 5 0] 9 “PREE il A= 2 BRI H AL 2L
SEPCET]. SR A E AR, 2023, 50(11): 5190-5202.
LIN BS, JIANG YL, XU GQ, HE YQ. Project-oriented
teaching reform of Environmental Microbiology based

of clinical microbiology diagnostics

on engineering education professional certification and
industrial demands[J]. Microbiology China, 2023,
50(11): 5190-5202 (in Chinese).

EEEAN, W, MRS, BRIESE, MIFAE. SRALIR 55
o5 P M R RE R e BRE]. bRk R
R ORAREF IR, 2017, 19(1): 43-46.

MAO LT, HUANG Y, LIN YW, CHEN ZG, LIN FH.

Strengthening the concept of serving the local area and
highlighting  the
teaching[J]. Journal of Agricultural University of Hebei

application of  Microbiology
(Agriculture and Forestry Education Edition), 2017,
19(1): 43-46 (in Chinese).

LIU Y, CHEN L, YAO ZR. The application of artificial
intelligence assistant to deep learning in teachers’
teaching and students’ learning processes[J]. Frontiers
in Psychology, 2022, 13: 929175.

HH AN K (B N TR BRI T a4 ) # e
NTEREEBATL 5], PR, 2018(9): 4-6.
The Ministry of Education issued the Action Plan for
Artificial Intelligence Innovation in Colleges and
Universities to determine the development tasks of
artificial intelligence[J]. China University Students
Career Guide, 2018(9): 4-6 (in Chinese).

et st W BEEN R (AT MU F
W RT3 ) 1], AR N RIEFNE [ 55 Be A4k,
2020(30): 11-15.

Xinhua News Agency. The CPC Central Committee
and the State Council print and issue the overall plan
for deepening the reform of education evaluation in the
new era[J]. Gazette of the State Council of the People’s
Republic of China, 2020(30): 11-15 (in Chinese).

B, B RAE, fTsell, BRECLL. RBIE RN TR AR
A 70 3R T DR AR B BT RS (0] AL
H,2023(2): 138-143.

LI W, YANG QH, HE XB, CHEN YH. Research on
teaching design of integrated Internet of Things course
in the era of big data and artificial intelligence[J].
Computer Education, 2023(2): 138-143 (in Chinese).

[10] 5K, HETLHH, W16k, XIVEB, Zhem. B2

[11]

G, MR R N TR R &5
CRHE WG, 2022(6): 14-18.

ZHANG P, CUI QM, HU Z, LIU YM, QIN XQ. For
deep integration of research, industry, and education,
construction of “artificial intelligence in wireless
communication” high-tech curriculum[J]. Research in
Higher Education of Engineering, 2022(6): 14-18 (in
Chinese).

JATEIR. WUEYI =B M]. dbat: @A EE AL,
2020.

ZHOU DQ. Essential Microbiology[M]. Beijing: Higher

Education Press, 2020 (in Chinese).

[12] COELHO LP, ALVES R, del RIO AR, MYERS PN,

CANTALAPIEDRA CP, GINER-LAMIA J, SCHMIDT
TS, MENDE DR, ORAKOV A, LETUNIC I,
HILDEBRAND F, van ROSSUM T, FORSLUND SK,

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



3760 WA

FiE Rk

Microbiol. China

KHEDKAR S, MAISTRENKO OM, PAN SJ, JIA LH,
FERRETTI P, SUNAGAWA S, ZHAO XM, NIELSEN
HB, HUERTA-CEPAS J, BORK P. Towards the
biogeography of prokaryotic genes[J]. Nature, 2022,
601: 252-256.

[I3]MOSALAGANTI S, OBARSKA-KOSINSKA A,
SIGGEL M, TURONOVA B, ZIMMERLI CE,
BUCZAK K, SCHMIDT FH, MARGIOTTA E,
MACKMULL MT, HAGEN W, HUMMER G, BECK
M, KOSINSKI J. Artificial intelligence reveals nuclear
pore complexity[J]. bioRxiv, 2021. DOI: 10.1101/
2021.10.26.465776.

[14] SUN QL, SHU C, SHI WY, LUO YF, FAN GM, NIE
JY, BI YH, WANG QH, QI JX, LU J, ZHOU YC,
SHEN ZH, MENG Z, ZHANG XJ, YU ZF, GAO SH,
WU LH, MA JC, HU SN. VarEPS: an evaluation and
prewarning system of known and virtual variations of
SARS-CoV-2 genomes[J]. Nucleic Acids Research,
2022, 50(D1): D888-D897.

[15]1 R, WA IR A s RGBT 592D, b

AU bR TR A A AL 18 3, 2020.
LI J. Design and implementation of microbial culture
medium automatic preparation system[D]. Beijing:
Master’s Thesis of Beijing University of Chemical
Technology, 2020 (in Chinese).

[16] LIU XN, CHENG J, ZHANG GH, DING WT, DUAN
LJ, YANG J, KUI L, CHENG XZ, RUAN JX, FAN W,
CHEN JW, LONG GQ, ZHAO Y, CAI J, WANG W,
MA YH, DONG Y, YANG SC, JIANG HF.

Engineering yeast for the production of breviscapine by
genomic analysis and synthetic biology approaches[J].
Nature Communications, 2018, 9: 448.

(17] 54, BEEAR, X, SR, BAk, 40, A
ik, AL, SEHEAE, EEFE. R T RUEY
FERY T fEda % B CN217895617U[P]. 2022-11-25.
MENG J, LIAO SC, LIU HB, LI XY, TANG GL, PEI
X, ZHOU X, WU QH, SU SH, CAO CC. Intelligent
control device for microbial culture: CN217895617U[P].
2022-11-25 (in Chinese).

[18] JONES TS, OLIVEIRA SMD, MYERS CJ, VOIGT CA,
DENSMORE D. Genetic circuit design automation with
Cello 2.0[J]. Nature Protocols, 2022, 17(4): 1097-1113.

[I19IMA Y, GUO Z, XIA B, ZHANG Y, LIU X, YU Y,
TANG N, TONG X, WANG M, YE X, FENG J, CHEN
Y, WANG J. Identification of antimicrobial peptides
from the human gut microbiome using deep learning[J].
Nature Biotechnology, 2022, 40: 838-839.

[20] ZHANG H, ZHANG L, LIN A, XU CC, LI ZY, LIU
KB, LIU BX, MA XP, ZHAO FF, JIANG HL, CHEN
CX, SHEN HF, LTI HW, MATHEWS DH, ZHANG Y],
HUANG L. Algorithm for optimized mRNA design
improves stability and immunogenicity[J]. Nature,
2023, 621(7978): 396-403.

[21]LU WL, CHEN XQ, WANG L, LI HF, FU YV.
Combination of an artificial intelligence approach and
laser tweezers Raman spectroscopy for microbial
identification[J]. Analytical Chemistry, 2020, 92(9):
6288-6296.

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




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


