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The metabolic pathway of alginate predicted by Takase.
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%= 1. RTI-PCR £RF X34

Table 1. RT-PCR genes and primers
Gene ID Gene name R-primer F-primer
GMO004415 recA GTGATAACCGAGCAATG CTTCTACGATACGACCC
GMO001922 16S rRNA AAAAGGGCAAGTGGGT CGCAGGGTCAATAGCA
GMO001598 fadL AGGTTCTTACCGTCTCA TCCATTTCTGGGCTAT
GMO003897 IpoA CTATGCCAGGTTGTGC GCGTTGTCATCCGTTA
GMO004299 gyrB GGCAAACAAGAGCAGT GCGTTAGACGAGGAGT
GMO001542 GAPDH CCGTATCGGTCGTTTCGTATT CATTTAAGGTCCGCTGGGTT
GMO002328 GAPDH TTTCTTCGTGTCGTGTAGATGTTG GCTCGCAGTCGTAGTGGGTAA
GMO004585 GAPDH GGCTGCGATGTTGTGATTGA GGCTGTCACGATACGATGTTTT
GMO001982 algL ACCTACATTCGCACTTGCTTCTG TTGTCGTTACGGCTTTGTTGTG
GMO001989 algL GTTGCGAATCAAGCAGGGAC GGTTGCGTGGGTACGAGTGT
GMO003561 rpiB GATGGAAAACAGCCAAGCAGC AGTACCACAACCAGTTACCACGAA
GMO003558 kduD CAAGGTGAAGGCGGCAAGA GCCATGTAACCCGGAGCAA
GMO003563 kdgK ATGCGGCGGCAAAATACT TGTCGGTGACGCTGAGGAT
GMO002020 eda TTTCGCAGCATCCCCTATC TTCAACCGCCGCATCAT
GMO003564 eda GGATGAAGCGATTGATGCG TTGTTGACACCAGGGACGAT
GMO000293 PTS-Glc-EIIA ATCAAGCCAGCAGGCAACA CGATACCGAAGTGAACGAAAAG
GMO000031 pfk TCATGGGTCGTCACTGTGGT TGCGATGCCGTCTTGGA
GMO003325 fsaA GTCAAAGTGCCAGCAACCG CAATGCCGCAAGGAAACC
GMO003942 tpiA ATGCGTCGTCCTGTAGTGATG TGAGTGACCGATGATGATGTGA
GMO000053 PGAM GCTATGGACCGTGACAACAACT GGAATACCGCACGCTCAAA
GMO001436 pyk GACTACCTTGCTATTTCGTTCCC TTCTGCTCGTTCGACTTTGG
GMO002414 korA AACGGCTCCGAATCTTGG ACACGTCATCACGGGCATAG
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Agarose gel electrophoresis of total RNAs
from strain X511. M: Marker; 1-3: X1; 4-6: X2.
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*2. FAEBEFTIERERNERREMN

Table 2. Transcriptional stability of each housekeeper gene under different cultures
Gene ID Gene name Product crv
GMO004415 recA Recombination protein 0.0132
GM001922 16S rRNA 16S rRNA processing protein 0.0155
GMO001598 fadL Long-chain fatty acid transport protein 0.0492
GMO003897 rpoA DNA-directed RNA polymerase subunit alpha 0.0149
GMO004299 gvrB DNA gyrase subunit B 0.0121
GMO001542 GAPDH Glyceraldehyde 3-phosphate dehydrogenase 0.0267
GM002328 GAPDH Glyceraldehyde 3-phosphate dehydrogenase 0.0120
GMO004585 GAPDH Glyceraldehyde 3-phosphate dehydrogenase 0.0107
2.2.2 RT-PCR BiiE: $kik 14 M5B L #H4%  %&3. RT-PCRER
BRI C A IE 4T RT-PCR, M 3 AT Aty Table 3. The results of RTPCR
Gene ID  RT-PCR FC Gene ID RT-PCR FC
JE RT-PCR HYE BAPR GO ER -G GM19s9 5270 44067 GM3942 0.160  0.74
GM1982  1.488 153.190 GMO0031 0.223 0.50

BFOEEARW G, 1 WG s 2 45 SR 0wl £ B
BE, WENEYFERES NS
23 ERRBIEE

TEARFRFR FHERR X511 Y22 230k kIl
KI(K 3), X2 MRT X1(X2 vs X1, FIRE)A 2024 4
B 5 AP AP 25 5, XA bR
A H (5434 MR 37.2%, Hi 1066 43 [F 5 5%
U, 958 ANIERRI TR, Uk BAS Al I Y 35 5 e
R AR A AR K
24 ZREFEM GO BEMT

FE i X2 AXT X1 A% 22 574 s R (P<0.05) GO
ML 4, MRIEDIRER BN 930 3 28, 3o A
Mg 2H 53 (cellular component) . 43§ JJHE (molecular
function) 12k ¥ % 11 # (biological process).
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PSS IR, DA BRI E Rt Y s SR X Tk
X511 BYAMMIZH 53 A 5 N s s BRI I R 4%
ZHIEAL S B IRZH 53 (envelope) Fl & 11 15 B 45 44)
2l 43 (external encapsulating structure part)”, [fij*/i+

GM3561  3.620 1.970
GM3558  1.100 2.330
GM3564  1.960 4.120
GM1436 1.870 4.080 GMO0053 0.250 0.56
GM3563  0.720 3.870 GM0293  0.990 0.71
FC was the fold changes in the results of the transcriptome,
RT-PCR was the fold changes in the quantitative results of the
fluorescence quantitative PCR.
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Figure 3. Speckle diagram of differentially expressed

genes in X2 vs X1.
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degradation) 5 T R {{i4f (butanoate metabolism)td
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F4. X2vs X1 HEZF LM TRARERE
Table 4. Significant upregulation and downregulation of metabolic pathways in X2 vs X1

Up (Down)-regulated gene

Background gene

Pathway numbers numbers P-value

TCA cycle(up) 23 28 0.000791
Valine, leucine and isoleucine degradation (up) 19 31 0.020097
Oxidative phosphorylation (up) 23 41 0.022647
Butanoate metabolism (up) 20 35 0.028532
Photosynthesis (up) 7 8 0.048415
Ubiquinone and other terpenoid-quinone biosynthesis (down) 8 17 0.040378
Nucleotide excision repair (down) 5 0.047832
Vitamin B6 metabolism (down) 5 0.047832
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x5 B4 REERPNNHNERRERERFERX2 vs X1)
Table 5. The genes and transcriptional multiple (X2 vs X1) corresponding to the metabolic pathway in Figure 4
Number Gene ID Products FC
1 GMO000293 Glucose-specific IIA component 0.71
2 GMO004524 Glucose-6-phosphate isomerase 0.59
3 GMO000031 6-Phosphofructokinase 0.50
4 GMO003325 Fructose-6-phosphate aldolase 0.59
GMO004461 Fructose-bisphosphate aldolase 0.89
5 GMO003942 Triosephosphate isomerase 0.74
6 GMO004585 Glyceraldehyde 3-phosphate dehydrogenase 0.48
7 GMO004462 Phosphoglycerate kinase 0.61
8 GMO000053 Phosphoglycerate mutase 0.56
9 GMO004426 Enolase 0.77
10 GMO003820 Pyruvate kinase 0.72
11 GMO002414 2-Oxoglutarate ferredoxin oxidoreductase 0.35
12 GMO000009 Acetyl-CoA synthetase 3.11
13 GMO001101 Aldehyde dehydrogenase 12.81
GMO002912 Aldehyde dehydrogenase 5.08
14 GMO000869 Alcohol dehydrogenase 7.73
GMO004314 Alcohol dehydrogenase NC
15 GMO003567 Pectate disaccharide-lyase NC
16 GMO003569 Oligogalacturonate lyase NC
17 GMO003561 Ribose 5-phosphate isomerase 1.97
18 GMO003558 2-Deoxy-D-gluconate 3-dehydrogenase 2.33
19 GMO001107 6-Phosphogluconolactonase NC
20 GM002019 Phosphogluconate dehydratase NC
GMO004187 Phosphogluconate dehydratase NC
21 GMO003564 2-Dehydro-3-deoxyphosphogluconate aldolase 4.12
22,23 GM001041 Aconitate hydratase 5.46
24,25 GMO000493 Isocitrate dehydrogenase 2.08
26 GMO000341 2-Oxoglutarate dehydrogenase 4.40
GMO000342 Dihydrolipoamide succinyltransferase 3.874
GMO000344 Succinyl-CoA synthetase 7.17
27 GMO000043 Fumarate reductase 4.91
28 GMO001281 Fumarate hydratase 2.96
30 GMO002060 Malate dehydrogenase NC
31 GMO000336 Citrate synthase 4.27
34 GMO001982 Poly (beta-D-mannuronate) lyase 153.19
GMO001986 Alginate lyase 61.36
GMO001987 Alginate lyase 26.50
GMO001989 Alginate lyase 44.06
38 Nonenzymatic reaction
40 GMO000336 Type 11 citrate synthase 4.40
41 GMO004524 Glucose-6-phosphate isomerase 0.59
42 GMO001543 Glucose-6-phosphate 1-epimerase 0.48
GMO004524 Glucose-6-phosphate isomerase 0.59
43 GMO001997 2-Dehydro-3-deoxygluconokinase 26.32
GMO002016 2-Dehydro-3-deoxygluconokinase 1.77
GMO003563 2-Dehydro-3-deoxygluconokinase 3.87

“NC” represent no transcriptional differences.
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Analysis of the alginate metabolic pathways in the marine Vibrio
X511 based on comparative transcriptome

Chao Xu'?, Yaru Xiong®, Guiyuan Huang', Qiaozhen Wang', Minggian Lu',
Rongcan Zhang’, Wei Liao*, Yunkai Zhang®’, Shushi Huang'"

" Guangxi Key Laboratory of Marine Natural Products and Combinatorial Biosynthesis Chemistry, Guangxi Academy of
Sciences, Nanning 530007, Guangxi Zhuang Autonomous Region, China

? College of Life Science and Technology, Guangxi University, Nanning 530003, Guangxi Zhuang Autonomous Region, China
* Guangxi Beibu Gulf Marine Research Center, Nanning 530007, Guangxi Zhuang Autonomous Region, China

* Guangxi Vocational and Technical College, Nanning 530226, Guangxi Zhuang Autonomous Region, China

Abstract: [Objective] A marine Vibrio X511 with strong ability to use alginate was isolated from the rotten
Sargassum in the Weizhou Island of the North Sea. The metabolic pathway of using alginate by Vibrio X511was
studied by transcriptome sequencing. [Methods] Transcriptions sequencing was done by Illumina HiSeq2500
sequencing platform and the transcriptome of the strains cultured in alginate and glucose were sequenced.
Differential transcripts were compared and analyzed, and the sequencing results were confirmed by fluorescence
quantitative PCR. The fluorescence quantitative PCR was applied to verify the sequencing results. Gene Ontology
and Kyoto Encyclopedia of Genes and Genomes were used to annotate the function and pathway in differential
transcripts. [Results] There were 2024 differentially expressed genes in the culture of alginate compared to those in
glucose, with 1066 genes up-regulated and 958 genes down-regulated. Some genes in the ubiquitous metabolic
pathway were also differentially expressed in different cultures. The transcriptions of all the genes involved in
alginate utilization and the key genes of synthetic ethanol in Vibrio X511 were up-regulated. In addition, the strain
had a unique way to utilize alginate and one of the metabolic processes has not been reported in Vibrio.
[Conclusion] Our findings enrich the research of biological method for degradation of alginate, and provide
valuable data for the research of large seaweed biomass-based energy.

Keywords: transcriptome, fluorescence quantification, gene function, alginate, metabolic pathway

(R RBET)

Supported by the National Natural Science Foundation of China (31560017), by the Key Project of the Natural Science
Foundation of Guangxi (2014GXNSFDA118012), by the Key Project of Science and Technology Department of Guangxi
(AB16380071) and by the Key Project of Science and Technology Department of Guangxi (AD17129019)

"Corresponding authors. Shushi Huang, Tel: +86-771-2503990, E-mail: hshushi@gxas.cn; Yunkai Zhang, E-mail:
yykzhang@gxu.edu.cn

Received: 25 October 2017; Revised: 25 December 2017; Published online: 17 January 2018

actamicro@im.ac.cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /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 true
  /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 true
  /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 <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /DocumentCMYK
      /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 /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


