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Improving the Semi-Synthesis and Antibacterial Study of Penicillin V Potassium
as a Chemical Biology Comprehensive Experiment
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Engineering, Xiamen University, Xiamen 361005, Fujian Province, China.

Abstract: The semi-synthesis and antibacterial study of penicillin V potassium is primarily an interdisciplinary
experiment. Currently, only a few foreign universities such as the Massachusetts Institute of Technology (MIT) allow
undergraduate students to conduct this experiment. To incorporate a research-like environment into teaching
experiments and enable students to develop scientific thinking, the following improvements were made to the
experiment: 1) A circulating condensing device was designed and built, and low-temperature control was introduced
to improve the stability of the products and effectively reduce the formation of by-products. 2) Absolute ethyl alcohol
was added to remove the by-products based on solubility difference. 3) The minimum inhibitory concentration of
penicillin was determined using the microbroth dilution method, and antibiotic sensitivity was determined using the
Oxford penicillin cup method. 4) The effects of penicillin on the integrity of bacterial cell walls were characterized via
wheat germ agglutinin fluorescent labeling combined with confocal fluorescence microscopy. This comprehensive
experiment, which combines several important multidisciplinary concepts, can develop students’ skills in integrated
analysis and increase their interest in scientific research.
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RN BRI . PRELS. aureus BB 7K TLBE IR, 250 rmin~'\ 37 °CH#R¥%HGF12 h (~10°
CFU-mL™"); HLB#537 2 LL10RS 1 FERR B VAR B 22 4R ~10° CFU-mL ™

WUZ AR s BOTARBIELBE; 723610 mL, f# HAEFAR W SI WA, iCE T /K7 & i L ke
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MHMNTEAK S AT« BT A4 To B B AR R R N B FR 56 P, B IE 5 TR HES,

W11 TR
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AEEMANRE: AEEEM P RIS x MIC. 10 x MICHFI20 x MICTH & & VA VA FI LB, 75 4 %
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B B R N B IR B R SR PO E T4 cCUKFE RS B R VAR WY 8112 h, FE
F37ClEEA T EFR12h B, WERLE R,
342 H#REWHE

HERAVAREEFRMES R 120K, fila, HHRVERE NS x MIC. 10 x MIC,
20 x MICH) 4= HEAR I3 BB /N 519 14.300 17.664 21.45 mm, BB LBES 9% 3k i A4 AR R i
PG . SR R ER > 20 mm, AR 15 mm < #IHE EHA <20 mm, NEEME; 10 mm <
M EAA <15 mm, NTREENE, MHEER < 10 mmALIMEERD. Fitk, WEHRNS5 x MICHH %
RVHEAER AP EMEER, WREN10 x MICEZERXVAEG S EMEEN; WKE 20 x MIC
(1) 5 R VEIVA IR AR .
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i, Agim T 53 AR = ARG AU, AN RERR RS . LT B B M R i A B
H5WGAL &, MYk 5 WGARIHT, 7T F 20 B8 20 i B 0 f i
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Alexa Fluor 633-WGA (fIWGA)4ett: 43 HIE27 pLiE % By 5256 45 FL A1 125 FL A 18 7R
1.5 mLKEEPE Y, Fl1 x HBSSEEE—K(4°C. 12000 g« 8 min), $% &3 (1) 42 5 LB 31T AIWGA
ety (TR Se o L 5]~ 1.33 x 100 CFU-pL™!, Bl uL 1 mg-mL™" fIWGA#%1.33 x 10° CFUMI ), ZiX
i 120 pL 1 mg-mL™' fIWGA; 37 °C. 250 rmin B¢ IR% 1571 h 30 min;

Vevk: Yt sg A U 1 x HBSSPRIA K (4 °C 12000 g 028 min), #ZJH 1 x HBSSIH ATk
FE£7910° CFU-mL™";

. DL ERKZ4 °Cy 12000 g8 min, AH[FAAR114% % 5 H % (PFA) 37 °C/K¥#30 min;

R YU EE G4 °Cy 12000 g8 min, 1 x HBSSWEE — &, JaFIMEARER, &
T4 °CUKFERAT

B RIS nLE B, 5 LRI
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T 7 VE FH 04 0 (0 8 4 BR R 2 SR (9 ) IR RS, 98063 R R TW G AN 4 B 4 B B e il 41
56 B A FEAE AR ANl . MICIK FE (075 55 = AF 12/ J5 (I 13b), A5 L6 20 1 2 i B s 20 Bk B, G5
/U9 B EE BB [ 12 1 FH 0 20 B8 BH SRV TG A B AR B T B A B B B R AE DO I R AR B T R
H TR .
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(Y200 L RE 25 RS, DT S5 T 200 A1 40 LR (1 56 B R, e 4 1 81 2 200 oL B ) TR R A A P i 5 G A e
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(1) ASEE P Z MR E Oy 1280, R EERVIA LG R Zo N IR SEB, a0
i 5 S 0 A/ PR 4 T SE 30 5 23N IR e A, & R AE ML O AIWGA 2Ot bR 4f 5 Hk R Ak
6 BB R AL A 0 J 7R SE 36 75 B3N URIN FE i VR A SEIR AR N 2 A I i S
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Bright field Fluorescence Merged
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(2) 75 & 240 T 55 77 A0 5 I7 J: WO il (0 IS 1) BE5R L 3 DU 21 4 i 7E 45 U 8 0 T TR L LB R IR
o SR SRR AR R REVE SRR AN A AR IR SRR, 0 AL TR I AR RO [ A 5 IR 2
37 °CIEHIR I 24 °CUKFE T IRAY, P2 E B RBAR,

(3) NTLSLIGHFE 577 (22 A SRR AR, R UWURCEE A5 0 1k DN R 5 (U 470 B R 8 A7 52 B B
Rl Y A SR D IR, A0S AR ARG S B kR S B A BIMIC I E

(4) B ERIIWGATLhRiC & & RSO B B RAE LR #R A0 A B E ZOR B, BB A
i LU R SER I 2O i, BRI A58 il s SR SRRSO B Rl A3 11 b B0 o I A R 22411 —
LS AR S R o

(5) SLHRTAA T A E B RN RN L A A L . R A S S LR R =
ST S AL B AN 5 )t R A 8 B (K s

(6) SEEG AP X RN SE AL 2 A 2 Tl s AT B0, B2 N —Ht AT 20 . ZORA N R
FH T, PMERESY . LR ML S R SRR O B SR E AL T R AR
AT 8L

(7) LR E, BRI R AW SRR SO U5 58, RO S 45 SR AT WHE AN i 2

(®) HUMR SR AT, HAEERR T BT S REERNME, DLa AR
MHEFR: BATRITEERIRE, DU E AR AR AN RAL IR HOR -

5 4%5iE

XA B K — I IREE R “PIE— B2 (mFr e QDR — e PR R ) R, AT #EMIT S
IS URFE “Synthesis and Biological Testing of Penicillins” , X} F@EAT 7 ot fdh fg . FRAT38 1ok et s
R T ANE B H R m g, Bt A T BORAEE 5 R 0930 B RCR A L
i, AR AL W 4R . A B A REET XA RE N E E BARR BRI A SR .

ZSLIG 25 A WAL A 22 AR W) 5 B SR 00 IR B AN 7 v, RN A S A RAE N — R 1)
CREPESRINSLES o 1% SCI0 B I I SR-A SILI0 AR AT U N TR A B 2 A dE e A [R] A AR R AR A A AR
VXA 2 SR



262 K %t 2 Vol. 38

BNFAREEEVE ¥ —EwRE ||
1 MEMC

), | < iy NEEBEVE |
A i BE BITIERE
>@il BRI | fﬁ — 1

A H o) —:: 7. |:

ggg‘, AEmEE

R miEEAN |

1 HIBFHENR |

INGAZHARIZ |

1 z WRAE

o FATOHARE ||

! BE i

- ERMANEETERE | !

;;g SUNFRE

K14 FERVEGHFLERELMERRRA

6 BFrik
1) SIS BRI FRICNTOK L5 4B, fEmd s R ahaife .
2) SIABLEMRE . AR MEERILEZERMWEBCR, AIWGATIL R &3Ot REL
B R TT BRI E L
3) R RVER A UL R, SEOLE RIS RS, WOR AR -

Bit: RUABIAFUFERRALREFTRFI AL BERALRITRA RFEAA RN BT,
Z % X W

[1] 3K ZEH, 2008, No. 7, 70.
[2] Chopra, S.; Harjai, K.; Chhibber, S. Appl. Microbiol. Biotechnol. 2015, 99, 3201.
[3] Whitaker, R. D.; Truhlar, L. M.; Yiiksel, D.; Walt, D. R.; Williams, M. D. J. Chem Educ. 2010, 87, 634.
[4] Liu, C.-J.; Dutta, D.; Mitscher, L. Chem. Lett. 2014, 26, 113.
[5] Jain, R.; Kaushik, N. K. Main Group Met. Chem. 2010, 33, 71.
[6] Aube, J.; Nathan, C.; Smith, R.; Gold, B. S.; Hanson, P.; Liu, C. J.; Mitscher, L. A.; Pingle, M.; Schoenen, F. J. Cephalosporin Derivatives and
Methods of Use. WO 2014071283 A1, 2014-05-08.
(7] xid, VEE. K, 2010, 25 (S1), 31.
[8] #Rfds, FIEH, AR, MAEWSFLRERE. Wi Jbat WAEHE AR, 2019: 154,
[9] Xty Z=E, BbesR, Bt & fwis 571K, 2006, No. 3,110.
[10] Sultan, A. R.; Hoppenbrouwers, T.; Lemmens-den Toom, N. A.; Snijders, S. V.; van Neck, J. W.; Verbon, A.; de Maat, M. P. M.; van Wamel, W. J. B.
Infect. Immun. 2019, 87,13.
[11] JAEER. MM, B4R JERT WAE30H HRAt, 2020: 15.




<<
  /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


