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In this study, we investigated the extraction condition of alginate from Laminaria japonica, the enzy-
matic degradation of the extracted alginate, and the inhibitory activity of the degraded alginate on
the differentiation of 3T3-L1 preadipocytes. The optimal conditions for the efficient extraction, precip-
itation, and recovery of alginate from the brown seaweed L. japonica were 1% for Na;CO; concen-
tration, 80C for extraction temperature, and ethanol for precipitation solvent. In the enzymatic re-
action for the production of low-molecular-weight alginate (LMWA) by using alginate lyase from
Flavobacterium sp., the initial concentration of Laminaria alginate was 3%. The low-molecular-weight
degree from alginate was independent with the enzyme concentration, and the optimal concentration
of alginate lyase was found to be 5 unit/ml. Through the enzymatic reaction with 5 unit/ml of algi-
nate lyase at 37C for 3 hr, the viscosity and molecular weight of LMWA were 4.5 cp and 307 kDa,
respectively. Treatment with LMWA significantly suppressed the accumulation of lipid droplet and
triglyceride in 3T3-L1 preadipocytes with a dose-dependent manner. Therefore, it seems that LMWA
treatment could inhibit the differentiation of 3T3-L1 preadipocytes. These results indicate that LMWA
or the degraded alginate produced by alginate lyase enzyme can be useful for the development of

anti-obesity biosubstances.
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Fig. 2. TLC analysis of alginate degradation by 1 unit/ml alginate lyase with 3% (A) and 5% (B) alginate concentration. C, control
(alginate oligosaccharides); Reaction time : lane 1, 0 min; lane 2, 10 min; lane 3, 30 min; lane 4, 1 hr; lane 5, 2 hr; lane
6, 3 hr.
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Fig. 3. TLC analysis of alginate degradation by alginate lyase with 5 unit/ml (A) and 10 unit/ml (B) in which the alginate concentration

was 3%. C, control (alginate oligosaccharides); Reaction time :

lane 5, 2 hr; lane 6, 3 hr.
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Fig. 4. Inhibitory effects of low-molecular-weight-alginate on the accumulation of lipid droplet (A) and triglyceride (B) in differentiated

3T3-L1 mouse preadipocytes.



ug/ml 2 250 ug/ml FEA 27 (FA )%
o 7~.‘~.L 33.7%%} 444% B EE triglyceride F4 A%
Zag s S A T (Fig. 4B). WekA, AL s} &3
z %ﬂ‘”xﬂ 37} s FAsAT 05%
X Y triglyceride %% 7+4 ¥ H1l[7]
°1W" F 20008 Fx= W AR ¢
Ay AT triglyceride 54
A 74k AWAE F3} g4 a3
Fe & AU B, kRl o) 22
! TEU O E(EAF 40 kDa)= AW
triglyceride, <! ZH2HE 59 FA% AYAEL
A 83 Y leptin THFE FaAIE $E7F05%2 LA
[10,13], & ATl Ao A &2 ¢214H307 kDa, 45 cp)o] EAR
2 (250 ug/ml)ell A ARH O AYA LY B35 o
AZLE ¢ 5 AT A8H g, & AT i
A &2 &214Hpolymannuronate)> A A EZ ] F
o IA gl Ay A F4A D (triglyceride
A s ERHoz A8goen Az &
W3 Aow AgH.

o

ok > ]

ol oft ) fo Ay
ol

12 o
2 oy
ot 49_ IAJ

2 =

714 A9 g2 RE 4314 2821l 5
1% NaCO;, 80T, oleh& HA 3 FHolfy, &
/\( luvobacterium sp. frell alginate lyase)E ©] &

=
< A 5147(-1 27] 44 == 3990 47

21 02

{

o A %z}i} %{1 ¥° 125 ng/ml, 250 ug/ml —chif;' ﬂao
A triglyceride TAAY F2 0] oy

S 2l
= 1= =
& o135t BekA, alginate lyase A RASHE 2714

AAE E3A a7t < FAdsAt

References

1. Chan, S. W,, Kim, K. B. W. R, Kim, D. H,, Jung, S. A.,, Kim,

10.

11.

12.

13.

14.

15.

Journal of Life Science 2015, Vol. 25. No. 12 1397

H. J, Jeong, D. H, Jung, H. Y, Lim, S. M., Hong, Y. K
and Ahn, D. H. 2012. Optimization of conditions for the
production of aginate-degrading crude enzyme from Vibrio
crassostreae PKA 1002. Kor. |. Microbiol. Biotechnol. 40, 243-
249,

. Chan, 5. W, Kim, K. B. W. R, Kim, D. H,, Jung, S. A, Kim,

H. J., Jeong, D. H, Jung, H. Y., Kang, B. K,, Bark, S. W.,
Lim, S. M., Hong, Y. K. and Ahn, D. H. 2013. Optimization
of conditions for the production and properties of algi-
nate-degrading crude enzyme from Shewanella oneidensis
PKA 1008. Kor. ]. Microbiol. Biotechnol. 41, 372-378.

. Davidson, 1. W., Sutherland, I. W. and Lawson, C. J. 1976.

Purification and properties of an alginate lyase from a ma-
rine bacterium. Biochem. |. 159, 707-713.

. Guven, K. C, Ozsoy, Y. and Ulutin, O. N. 1991. Anticoagu-

lant, fibrinotic and antiaggregant activity of carrageenans
and alginic acid. Biotan. Marina 34, 429-435.

. Haug, A, Larsen, B. and Smidsrod, O. 1967. Studies on the

sequence of uronic acid residues in alginic acid. Acta.
Chemica. Scandinabia 21, 691-704.

. Hirst, E. L. and Rees, D. A. 1965. The structure of alginic

acid. Part V. isolation and unambiguous characterization of
some hydrolysis products of the methylated polysaccharide.
J. Chem. Soc. 7, 1182-1187.

. Hwang, H. J.,, Pyeun, J. H. and Nam, T. J. 2000. The effects

of alginic acid on 3T3-L1 cell’s differentiation. ]. Kor. Fish.
Soc. 33, 541-545.

. Inoue, A, Takadono, K., Nishiyama, R., Tajima, K., Kobayashi,

T. and Ojima, T. 2014. Characterization of an alginate lyase,
FlAlyA, from Flavobacterium sp. strain UMI-01 and its ex-
pression in Escherichia coli. Mar. Drugs 12, 4693-4712.

. Jeong, H. ], Lee, S. A, Moon, P. D., Na, H. J,, Park, R. K,,

Um, J.Y., Kim, H. M. and Hong, S. H. 2006. Alginic acid
has anti-anaphylactic effects and inhibits inflammatory cyto-
kine expression via suppression of nuclear factor-kappaB
activation. Clin. Exp. Allerqy 36, 785-794.

Kim, I. H. and Nam, T. J. 2004. The effects of poly-
mannuronates on leptin in 3T3-L1 adipocytes. ]. Kor. Fish.
Soc. 37, 372-379.

Kim, E. J,, Fathoni, A, Jeong, G. T., Jeong, H. D., Nam, T
J, Kong, 1. S. and Kim, J. K. 2013. A novel alginate-and
laminarin-degrading bacterium for the reutilization of
brown- seaweed waste. |. Environ. Manage. 30, 153-159.
Kim, H. S. 2013. Synergistic effect of acetylalginate esterase
and alginate lyase on the degradation of acetylalginate from
Pseudomonas aeruginosa ATCC 39324. ]. Life Sci. 23, 1420-
1427.

Joh, I S, Kim, I. H,, Kwon, M. J. and Nam, T. J. 2015. Dietary
effects of polymannuronate added to hamburger buns on
lipid metabolism in rats. Kor. . Fish, Aquat. Sci. 48,187-192.
Kim, S. W.,, Kim, G. D. and Nam, S. W. 2015. Coexpression
of alginate lyase with hyperthermophilic archaea chaper-
onin in E. coli. ]. Life Sci. 25, 130-135.

Kim, Y. Y. and Cho, Y. J. 2000. Studies on physicochemical
and biological properties of depolymerized alginate from
sea tangle, Laminaria japonicas by thermal decomposition. .



1398

16.

17.

18.

19.

20.

BB UPIX| 2015, Vol. 25. No. 12

Kor. Fish. Soc. 33, 325-330.

Lee, J. H., Bae, M. J., Kim, Y. C. and Nam, S. W. 2009.
Identification and characterization of alginate lyase produc-
ing Pseudomonas sp. N7151-6. Kor. ]. Microbiol. Biotechnol. 37,
350-354.

Lim, Y. S. and You, B. J. 2006. Effects of hydrolysis pH on
distribution of molecular weights of alginate of sea tangle
Laminaria japonica. J. Kor. Fish. Soc. 39, 313-317.

Lim, Y. S. and You, B. J. 2007. Effects of hydrolysis temper-
ature on the distribution of the molecular weights of algi-
nates prepared from sea tangle, Laminaria japonica. Kor. Fish.
Soc. 40, 187-192.

Paxman, J. R., Richardson, J. C., Dettmar, P. W. and Corfe,
B. M. 2008. Alginate reduces the increased uptake of choles-
terol and glucose in overweight male subjects: a pilot study.
Nutr. Res. 28, 501-505.

Sellimi, S., Younes, 1., Ayed, H. B., Maalehj, H., Montero,
V., Rinaudo, M., Dahia, M., Mechicho, T., Hajji, M. and
Nasri, M. 2015. Structural, physicochemical and antioxidant

21.

22.

23.

24,

properties of sodium alginate isolated from a tunisian
brown seaweed. Int. ]. Biol. Macromol. 72, 1358-1367.
Syad, A. N., Shunmugiah, K. P. and Kasi, P. D.. 2013.
Antioxidant and anti-cholinesterase activity of Sargassum
wightii. Pharm. Biol. 51, 1401-1410.

Thomas, F., Lundqvist, L. C,, Jam, M., Jeudy, A., Barbeyron,
T., Sandstrom, C., Michel, G. and Czizek, M. 2013. Compar-
ative characterization of two marine alginate lyases from
Zobellia galactanivorans reveals distinct modes of action and
exquisite adaptation to their natural substrate. . Biol. Chem.
288, 23021-23037.

Ueno, M. and Oda, T. 2014. Biological activities of alginate.
Adv. Food Nutr. Res. 72, 95-112.

Yoon, M. O,, Lee, S. C,, Rhim, J. W. and Kim, J. M. 2004.
Comparison of alginic acid yields and viscosity by different
extraction conditions from various seaweeds (Laminaria reli-
giosa, Hizikia fusiforme, and Undaria pinnatifida). |. Kor. Soc.
Food. Sci. Nutr. 33, 747-752.

Z5: M2 gZiae] 4K Mok} X|UME 23t AN 21

3 1,2
e

223154, 25 s FAos AR F, CRAR s v Es)

TAntZRE @704k B89 3%, JA, Sa202 1% NaxC0;, 80T, A& JA 3o, &3I4t
& 8l & 4 (Flavobacterium sp. +2f alginate lyase)E o3 A3} 4 W3 A H7 27] LT =& 393
O G B EL R0 BE @04 AEAS ARde Z Aot gla, AAAL AL HlES st
AR YA B Es FEE 5 unit/mIG O™, 5 unit/mle] E7A B EA FEE 37T A 347 ¥H-S3ho]
AEAS G 2704k HEE 45 cp, EAFLS 307,008 Dath. 3T3-L1 AWATAHE AREAS} 4714+ 125
pg/ml, 250 pg/ml == AgstS W AYAY FAH I triglyceride THAY FH o] Fage FAsAth
wHetA, alginate lyase® A&ASFE @042 AHAE Z39A4 237 o S




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


