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Abstract The relationship between genetic codons and amino acids has attracted much attentions since the discovery of
first genetic codon. Although we have known that relationship of codons and amino acids clearly, even some rare amino acids
also have their codons in certain creatures, we do not know the real principle that how a codon detertmine an amino acid. In
fact, the codon is a little far from amino acid in a tRNA. With many efforts, we have not detect the secret of codon. Before we
used nuclear magnetic resonance (NMR) and high resolution mass spectrum (HRMS) to detect the product of reaction of
amino acids, nucleosides and sodium trimetaphosphate to find out the relationship between amino acid and nucleoside. But
the productivity was too low to determine. Electronic tongue is a machine used to determine the whole variant of a solution,
especially in food industry, it could determine very subtle variant. So we use it to determine the whole variant of our system.
In this work, we reported the reactions between amino acids, nucleosides and sodium trimetaphosphate. Each ingredient was
0.0008 mol/L and pH was adjusted to 11 by NaOH, then reacted at 50 °Cfor 48 h. The reacted mixture was cooled down to
room temperature and detected by electronic tongue. Also, the samples that were freshly prepared were detected by electronic
tongue to be original data. The overall changes of the reaction mixtures were characterized by the average of Euclidean Dis-
tance. The results show that the nucleosides in middle of codon or anticodon displayed the greatest effect on the reactions.
The results also indicate that there are significant interrelations between amino acids and nucleosides, which was also proved
by the difference between the results of leucine and isoleucine. In summary, the results may open a new avenue to the study
of the relationship between genetic codens and amino acids and origin of life.
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Table 1 Codon table
U C A G
Phe Ser Tyr Cys U
U Phe Ser Tyr Cys C
Leu Ser STOP STOP A
Leu Ser STOP Trp G
Leu Pro His Arg U
C Leu Pro His Arg C
Leu Pro Gln Arg A
Leu Pro Gln Arg G
Ile Thr Asn Ser U
A Ile Thr Asn Ser C
Ile Thr Lys Arg A
Met Thr Lys Arg G
Val Ala Asp Gly U
G Val Ala Asp Gly C
Val Ala Glu Gly A
Val Ala Glu Gly G

Lagerkvist/ &I, 7ERE A H, Xf—LXtm 7 4
NEM T EIERRINNER Ala), A0 —MHEFE RNA
(tRNA)FLU AT LUK P 2 A1 . JE Tk, “3ie2”
(three-out-of-two) I FE & B $2 1, — M IA % 65 1 9
ALZE W] DhRoE AR RN, 28 A B 2
/AN TEEE, T 6 MERE T B IR R R Leu ALK
HR Arg), ‘AR T —ALR. Fit—
N R B R - B A R T R S R R I R R e
PERIFER, 26 —frike.

al, JATH ORI, 2 R AL A% AN = i T 1R Y
(Psm)fEPE T, ] DATE S5 E PR B T A8 e K11, BT
XA TR I LA “3 Wi 27 BB, JATZ= IR R
AL 0 S BE TR SO RS2 e R 22 00, DA SR AR B3 6
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AL Z R BV 77 28 520 1R 22 ) 3/, R P FIAX
A AT ARSI 527 3 R 1.
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K2 EHEITHEL
Table 2 Calculations of Dis3

EACEN 7 ] BB R TR R

Ala GCA/U/G/C G>U>C>A A:24.14(0.78)/C:26.12(0.16)
G:27.04(0.08)/U:26.34 (0.11)
Arg CGA/U/G/C,AGA/G C>G>A>U A:26.33(0.13)/C:27.39(0.07)
G:26.68(0.14)/U:26.00(0.29)

Asn AAU/C C>A>U>G A:27.53(0.23)/C:28.08(0.07)
G:24.35(0.25)/U:27.02(0.18)
Asp GAU/C U>G>A>C  A:27.25(0.44)/C:27.00(0.42)
G:27.53(0.42)/U:28.26(0.16)
Cys UGC/U A>G>U>C  A:26.37(0.16)/C:22.76(0.78)
G:24.81(0.86)/U:23.90(0.31)
Gln CAA/G U>A>C>G A:27.73(0.33)/C:27.61(0.12)
G:27.54(0.26)/U:27.94(0.17)
Glu GAA/G A>C>G>U A:27.71(0.28)/C:27.52(0.12)

G:27.09(0.23)/U:26.17(0.22)
A>G>C>U  A:26.73(0.60)/C:25.98(0.34)
G:26.07(0.37)/U:25.66(0.10)

Gly  GGA/U/G/C

His CAU/C A>C>U>G A:27.33(0.48)/C:27.24(0.41)
G:24.19(0.60)/U:26.32(0.59)
Tle AUA/U/C A>C>G>U A:28.18(0.07)/C:27.92(0.28)

G:27.28(0.30)/U:26.62(0.36)
G>U>A>C A:26.67(0.23)/C:26.02(0.65)
G:27.93(0.10)/U:26.97(0.37)

Leu CUA/U/G/C

Lys AAA/G U>A>C>G  A126.63(0.54)/C:26.25(0.09)
G:21.47(0.11)/U:26.97(0.34)
Met AUG U>C>A>G  A:25.19(0.31)/C:25.44(0.98)

G:24.96(0.30)/U:26.69(0.27)
U>G>C>A  A:23.58(0.55)/C:24.28(0.49)
G:26.00(0.20)/U:26.16(0.79)
G>A>C>U A:26.85(0.79)/C:26.60(0.38)
G:27.12(0.12)/U:26.53(0.79)
Ser UCA/U/G/C,AGU/C  G>A>C>U A:28.77(0.03)/C:28.66(0.49)
G:29.23(0.12)/U:28.59(0.34)
G>A>U>C A:28.32(0.17)/C:28.16(0.02)
G:28.34(0.21)/U:28.17(0.11)

Phe UUA/U/G/C

Pro CCA/U/G/C

Thr ACA/U/G/C

Trp UGG G>A>C>U A:27.46(0.54)/C:27.14(0.24)
G:27.48(0.62)/U:27.01(0.28)
Tyr UAU/C A>C>G>U  A:28.44(0.36)/C:27.76(0.06)

G:27.63(0.30)/U:27.51(0.14)
C>U>G>A A:27.32(0.25)/C:28.13(0.55)
G:27.69(0.57)/U:28.04(0.18)

Val GUA/U/G/C

4The number in bracket are standard deviation.
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Acta Chim. Sinica 2021, 79, 1372—1375



F F R

i@

IEHKE, Leu Ml Tle 75N T IF 0 W& 1) 25,
S TR T BAG AT TR, ENRIALRH A2
AR, B eNSHAERE KR CAPA-1 &
CAPA-1 4k 547 [ b, HEg B IR IX 5.

SR L5 I H A S5 SR Z AR K, Leu v G>U>A
>C, JEAGERLT RO (LA 28 — K R IE R ifE); Tle
A>C>G>U, EAE I, P& 58 A FHALL
PE. NIX BL AT DL H S B R 5 00 3R S - Hr A,
(RZ R SEAFAE SR RR R A F 70, RIS R 1 R 3%
RN, BB FEH )k AR KA
. 33— 20 U B RS TR B R R 0T B R (R A% R
HRERRI R E 77 AR I 1E 04 k.

3 4ig

AW TEMNEIERL . K% = M B R A 1) S v
WS AR Z GG AR S B AT A, A T
R R B FE 22 00). S5 RR W, FIHERAEAR
[FRZE RN, RO R S A RE BE AN R, A4 %
T~ B e 26 A1~ (AL A A% B T LR VR F k. ML
P AR, ] RE A IR I B S A% T B 2 [ [
FERhGIAE HAE R T IXFEM R, R AR A R
SN 48 HR ) 22 S IR I 73X — a5 TE X R
73, WP B s+ 5 2 51 2 AR08 RIE AU
KB, AWFTLE RN F 2 R T — K
R ON T HE—BUEBRIXAAEF ), J5 Sk MR AR TR RR A
BEAT .

4 SKIGERSY
4.1 XF5RH

TRR AR A B H T Rl S AR, =
TREEEREAI B T PR30 A F. AW E THEEZ
FEHAHRAR. HRMEIERMZLT A B T8 %
B &M LM AL, BRI i 26(AR).
Ali7K (18.2 MQecm) hy S48 %5 H il

HL - o (L R R 5 e ) 22 s =)o),
4tk £ 4t (Milli-Q), Synergy Millipore A, T K

Acta Chim. Sinica 2021, 79, 1372—1375

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(AL104)F15256 % pH +H(FE20), MEHF#-F0R 208 (E
M)A PR A F]. S B e AR (KQ-5200E 1 KQ116), E
T AR A RS A BR A A] . HIE /KB #A(DIC-8D, L ik
FLI WA R A F).
42 LIRS E

BRI ZE . ZInBERRIN A S A B 4K
Fe B R pH 4 11 19 15 mL (¥, BREGEL Mg
Sy EEA 0.0008 mol/L. [Fl—RMFATEE =R, &
MRS R T, T 50 ‘CIA 48 h. RN 5EJEA
BT, R85 B FERN 8T, EHl=IRE 25 C
FeA. R RRARE S B — A A ORI ) 1 i i 41
FIF-xoh B8, e B e s S B AR, R 45 R R AR R
SN L. SR A A B0 AR s N i () 54— e Ak B T
THE HHRE i S SR Ja 22 3. TF B AN 7 V2R F R IR
PR BS54 {H(Dis3 {H).

References

[1] Nirenberg, M. W.; Matthaei, J. H. Proc. Natl. Acad. Sci. 1961, 47,
1588.
[2] Crick, F. H. C. J. Mol. Biol. 1968, 38, 367.
[3] Woese, C. R.; Dugre, D. H.; Saxinger, W. C.; Dugre, S. A. Proc.
Natl. Acad. Sci. 1966, 55, 966.
[4] Wong, J. A. Proc. Natl. Acad. Sci. 1975, 72, 1909.
[5] Di Giulio, M. J. Theor. Biol. 1998, 191, 191.
[6] Eigen, M.; Gardiner, W.; Schuster, P. Sci. Am. 1981, 244, 88.
[7] Lagerkvist, U. Proc. Natl. Acad. Sci. 1978, 75, 1759.
[8] Ni, F.; Gao, X.; Zhao, Z. X.; Huang, C.; Zhao, Y. F. Eur. J. Org.
Chem. 2009, 3026.
[9] Ying, J. X.; Fu, S. S.; Li, X.; Feng, L. B.; Xu, P. X,; Liu, Y.; Gao, X.;
Zhao, Y. F. Chem. Commun. 2018, 54, 8598.
[10] Ying, J. X.; Lin, R. C.; Xu, P. X.; Wu, Y. L.; Gao, X.; Zhao, Y. F. Sci.

Rep. 2018, 8, 1.
[11] Ying, J. X.; Ding, R. W.; Liu, Y.; Zhao, Y. F. Chin. J. Chem. 2021,
39, 2264.

[12] Da, H.; Sun, Q. Y.; Su, K. Q.; Wan, H.; Li, H. B.; Xu, N.; Sun, F.;
Zhuang, L. J.; Hu, N.; Wang, P. Sens. Actuators, B 2015, 207.

[13] Pérez-Rafols, C.; Sereano, N.; Arifio, C.; Esteban, M.; Diaz-Cruz, J.
M. Sensors 2019, 19, 4261.

[14] Jiang, H. Y.; Zhang, M.; Bhandari, B.; Adhikari, B. Food Rev. Int.
2018, 34, 746.

[15] Dong, W. J.; Hu, R. S; Long, Y. Z.; Li, H. H.; Zhang, Y. J.; Zhu, K.
X.; Chu, Z. Food Chem. 2019, 272, 723.

[16] Tian, S. Y.; Deng, S. P.; Chen, Z. X. Sens. Actuators, B 2007, 123,
1049.

(Cheng, B.)

http://sioc-journal.cn 1375




<<
  /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


