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SUMMARY

I. Title

Fatty acid analysis of soil samples nearby
Dasan Arctic Research Station

II. Purpose and Necessity of R&D

To recognize environmental organic sources belonging to thawing of
glaciers, its indicator such as microbial PLFA and also

environmental/regional microbial research is needed.
III. Contents and Extent of R&D

® Management of efficient fatty acid extraction method
- Fatty acid extraction & derivatization

- Descriptive fractionation of fatty acids

® Optimization of arctic microbial lipid production condition

- Detection of arctic mircobial lipid production

® Lipid marker analysis of arctic soil sample
- Lipid extraction from soil sample

- Inference of microbial community by lipid marker
® Pure culture of arctic microbe & analysis of lipid derivatives

® Comparison of microbes between different sampling sites which
depends on thawing period

- Microbial PLFA extraction & analysis of each soil sample from

different sampling sites.

- Total PLFA, substrate concentration, cold stress researching after

analogizing microbial community by lipid marker



- Researching alteration of microbes according to melting glacier by
NGS (Next generation sequencing) method

- Estimating microbial variety & quantity with Rank abundance.

® Research of arctic microbe’s lipid marker
- Fatty acid analysis of various arctic microbes

- Lipid derivative analysis & biochemical experiments of Bacillus. sp

IV. R&D Results

® Management of efficient fatty acid extraction method

- Optimization of lipid extraction from soil

- Established 2 kinds of selective derivatization

- PLFA fraction analysis using column chromatography by GC-FID &
GC-MS

® Optimization of arctic microbial lipid production condition
- Identification of usable carbon source for arctic bacteria, Bacillus
pumilus

- Lipid production using different carbon sources & analysis

® Lipid marker analysis of arctic soil sample

- Lipid extraction from soil sample & fractionation of PLFA using

optimized column chromatography

- PLFA analysis using optimized alkaline mild methanolysis method

- Application of PLFA on GC-MS management & adjustment between
PLFA-microbes

- Analysis of microbial community on 8 sampling sites by lipid marker

® Pure culture of arctic microbe & analysis of lipid derivatives

- Pure cultured microbes from nearby Dasan arctic research center &
checked growth pattern and enzymes

- Biochemical tests about temperature, pH, NaCl concentration with

Pseudomonas sp. derived from arctic soil

® Comparison of microbes between different sampling sites which
depends on thawing period

- PLFA data comparison based on existing authentic data with grouping



samples by PCA method
- Identification of soil sample’s total PLFA, substrate concentration, cold
stress

- Confirmation of analyzing microbial communities by NGS method

® Research of arctic microbe’s lipid marker
- Analysis on Bacillus sp. ‘s total fatty acid alteration of temperature
- Researching variation of PLFA contents of Bacillus pumilus PAMC

23174 strain according to fermentation condition
V. Application Plans of R&D Results

® Estimation of arctic soil's environmental condition & microbial

community analysis by lipid markers

® Analysis of derivatives using microbes from arctic soil & modelling
of environmental alteration
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Sequencing (NGS), Denaturing gradient gel electrophoresis (DGGE) & ©¢] W% 4

o glom olg WYL EYOoRITE DNAE FE3t 54 Ax F34
S5 AFEste] EAEHA HH, ARE oA Ay 5A 75 U 53
DNAE &9 F e WHor &7 290 53 NGS9 22 HAl 7+& +
oAl = I o] dFES & Wl Fopd F e TeE EGET ofy
g AW Al ATt Tollk de] 2rolal U, AN Wik Fo] HolHE Al
shal UAINE of AL 317Ee] Bl g A A AR PCR 3% o= g HIF
A4} total viable biomassE A &3FA] E3tal e FHolA H ko] Q3 HE
o] ﬁl‘jr.

7)

8)

Widmera F, Fliebach A, LaczkoA E, Schulze-Aurichd J, Zeyer J.(2001) Assessing soil biological
characteristics: a comparison of bulk soil community DNA-, PLFA-, and Biologe—analyses Soil Biology &
Biochemistry. 33, 1029-1036.;Ramsey PW, Rillig MC, Feris KP. Holben WE, Gannon JE. 2006. Choice of
methods for soil microbial community analysis: PLFA maximizes power compared to CLPP and PCR-based
approaches. Pedobiologia 50:275— -280.

Pompanon F, Deagle BE, Symondson WO, Brown DS, Jarman SN, Taberlet P. 2012. Who is eating what:
diet assessment using next generation sequencing., Mol Ecol. 221: 1931-1950.
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NGS Data are Analyzed in Three Phases

Primary Data Analysis - Images to bases

Sequences +
Quality values
Run qualify
Secondary Data Analysis
RH[SB{]* -'-‘:_.:-._..
Aligner ¥ EE?&%“& Gene lisls Secondary Data
’ S == ReadDensty Production
Assambler P — Variant list Do mavo ssssmbly =
==l Sample. un qualy

One or more - |

1 Te ¥ Methylation siles
Contigs + Annatation - — Gema- i
e e = Genamic struciurg
- Exparimant, science
y a4

& Copyragtn 1000 Cooncrra. e A Bighiy Raservm

:__I'.“ZIHP:IHJ
29 3. NGS data are analyzed in three phases, Primary data analysis,
Secondary data analysis and Tertiary data analysis.(Geospiza)?

9) http://Ipm.hms.harvard.edu/palaver/sites/default/files/11_03_22_Dennis_Wall_2.pdf
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Ganomic DNA axbracton

Heterolegous h% b
genomic DA

=y
£y
o + i
& ,ug—_’mn g Rasiriction-digesied wectar
—

)

Ligation

E coll D108

> )
.}

Vectar DHA Q,%L
Teanaformatian ‘H]

N

Function-driven analysis- | (RO i

gune sxpression

Claned DNA preparation
Transcrplion

o oo

G ey ;‘%m
Tranelaticn library 1

[0 == Prowcin

Sequence-gdriven
analyzis

K f algacgas.. galttaca
) o~ Hgmcloscalogslag
T e

_-u'rﬂ!l _!. -!- IE"\-.:' | Genomic sequence analysis

2% 4 B v AR WEARS B AT

10) Handelsman, 2004)
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HjeF 7IRke] Wb e EF HAAY wAEES 96 well gram negative plate

[e]

(BiologTM) ol =%3}o] Z7]4, heterotrophic VWA &9 A &S x| A ko] A3}

Skl WAt V1A LE I A Fdd dE ARE o] £F
g 5 AvHD, ved 7]%‘3 ek A& A 71eke] Biologell ¢k 714 o]
el Aolm He EYF AR Aole f7lE ARl od Wstd EF v
Ao HE A Hold HoFEtH2, oy W2 Community Level
Substrate Utilization (CLSU) - Community Level Physiological Profiling
(CLPP)gta = Eelv, B2 dolyet nAE 3o we} izgsiA a5 5 3l
ARk, mAES] widS a® sto], 48 S8 wido] #FHH= wAEH A
EollA & Aeks mAdE He Aolrl MY = da, tiAb HRE QIS A
o] XS ofHA 3} Biolog WH 2 o FolA % A7 ZAAR 96 well plate
of oF 1000o170¢] & Al &2 S3te] MAEES vl tiAt 7bs o F
= AANFH Asstd GHE ARESte] wEA A4S 5 e “J‘%‘SEE zH 2

L -
m\‘i

]
dE=
A

= ob 2o

ﬂHU O_u ‘{N' ﬂllm

il

ol gtk RS ASE F B oA FRG Gaq, dag 2age 4
FEU el WE T B4 PYPoRE B8 It

11) Garland JL. 1997. Analysis and interpretation of community-level physiological profiles in microbial ecology.
FEMS Microbiol Ecol 24:289-300.

12) Gomez E, Ferreras L, Toresani S. 2006. Soil bacterial functional diversity as influenced by organic
amendment application. Bioresource Technology 97 @ 1484-1489.

_26_



a0

e

iﬁw
L L % i

Ty

!F

%L.:_

Biolog

ki3

19 5. 96 well plate®} A}53E v S ALg

_27_



AAQ AW FAFE PPe PCRolY WY Feo #Re Aoz F i
9ol glol A Fel voleE Ag & glom, 98 AWAHPLFA)E Ao}
= MABA T EAste] o] olel e MARAAE JFE F o] MAYEY
G4 Wrlsted F8STHI. B vigEge BRe 44Y, 33 BBL
FA get au ) oo B

A PR FgEa grhd, o)5 Al a L
A= A7 E F ded, o] ARE o8&t 4 HAE o zolE
A YIS BE AWt FAS ORFEN R nAE g Ao)E foto =
#z2e F% gth(Ludvigsen et al, 1997)16). o]gjdt ol 7}x] WS ¢ 52
o 7hA W g7 &gt EY Uo mAE TS Bt gAEA 4 E)

|

o1z 7 A4k (Phospholipid fatty acids)e Al ¥ 2] membranes TA3%t= T8

Ak AR o7 wAES chemotaxonomic FA QAR Fg&E o] mAYE] Ay

of gy Z8&HE Ui EXelth A A2 v]F3) - o 2~ H 235

(saponication & esterification) A|¥AF #2418 F35lo] n|AE FFy} Bk A

Ue HAESY A WEE #AS5T T A HrHD. ES oW FRY HAE
3L

_l

A AL
A 1 QXA AL

A sH= A7k 4

13) Green CT, Scow KM. 2008. Analysis of phospholipid fatty acids(PLFA) to characterize microbial

communities in aquifers. Hydrogeo. ] 8:126-141.

14) Kaur A, Chaudhary A, Choudhary R. Kaushik R. 2005. Phospholipid fatty acid - A bioindicator of

environment monitoring and assessment in soil ecosystem. Current Sci. 89:1103-1112.

15) Li WH, Zhang CB, Jiang HB, Xin GR. Yang ZY. 2006. Changes in soil microbial community associated

with invasion of the exotic weed Mikania micrantha. Plant Soil. 281:309-324.

16) Ludvigsen L, Albrechtsen HJ, Holst H, Christensen TH. 1997. Correlating phospholipid fatty acids (PLFA)

in a landfill leachate polluted aquifer with biogeochemical factors by multivariate statistical methods. Fems
Microbiology Reviews 20:447-460.

17) Bossio DA, Scow KM. 1993. Impacts of carbon and flooding on soil microbial communities: phospholipid

fatty acid profiles and substrate utilization patterns. Microbiol Ecol 35:265-278.

18) Frostegard A, Tunlid A. Baath E. 2011. Use and misuse of PLFA measurements in soils, Soil Biology &

Biochemistry 43:1621-1625.;Pratt B. Riesen R, Johnston CG. 2012. PLFA Analyses of Microbial Communities
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A A 7kA 3000] | (NCBI PUBMED!9 7]32)9]
I Ay o R M AL oln] FH o

Associated with PAH-Contaminated Riverbank Sediment. Microb Ecol 64:680 - 691

19) www.pubmed.com
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Soil \ Microbes ] [ Membranes ]

e

hydrophobic =

3 §353% Eﬁ%

(water)

A—— Hydrophilic “head"”

%— Hydrophobic “tail™

l Fatty acids profiling ] i Phospholipids

a9 6. B nAE2] "o #A13l= phospholipid A HHAE 74
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A2 Ad Ay HIYH

=
[EGoz8Y A F5& 98 4F $H]
E%S 7ol 0-10 cm A X9 3-53 AEQ thE siteoll A AA % 20 g A
F ARE AAsA, DHE 7] Ho] Ao ¥o] WME AF Yol o] FA K]
| -80%= WEale Byl 7hA
kA HTh 20g FEe
&S Ro} 20g (10g x 2) 4 LEL%: Abgste] Eytd FHo Hal of7)e] wgEe
12 mL, 22 X% 6 mL, phosphate buffers #}d = Y=t}
VortexingS 3+ & 15% &<t sonications 3} lipidE solvent®Z & =A] 71t
A2 (1000 rpm, 3)E Aste] frg] HBom 4F A5 WolEdd T A &7
of wi=t) oo AAFEH HAHL 3-63 wHEITE o]F ¢ otary evaporatortt N2
evaporatorE Al£3}o] solventES el o|F EFolu GC A& 93 F=A

Bkl A g3te] A sHA A
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Culturable or
Unculturable
strains

4

Extraction of Lipid

4

Bacteria Fungi Protozoan

< Phospholipid

PLFA analysis
Interpretation

9 7. EY A EE2RE PLFAS 2A8t= we AL

_34_



7 8. &9 PLFA &4 %A 9 A
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4. 2% 3 lipid marker #4

Gas ChromatographyS ©] &3 fatty acid ¥4 WS g9 o, GC-MSE
0|83l standard (FAME mix) Al&E 4183l standard Al &0l A ¢ fatty acid
9] retention time= 2<lstt}. o] = wlEr o &2 Bligh & Dyer methodE ©] &3}

FZ3 AW fatty acidd] profileS #4189tk GCY EAZAS=Z Clarus
680 GC EelS o]g3to] 160 CTAA 2 3 +4 ¥ 10 T/ min & £%E= 300
TR 27 3 2 B0 §X3892M He gasE o] 542319 1.0 mL/min %
=2 ZYFATh

Standard Al %+ C4-C24 Even Carbon (Supelco, USA), FAME Mix C14-C22
(Supelco, USA), and NHI-D FAME Mix (Supelco, USA)E ©| &3}, AaE
methanol?} HySO4 choloforms #7Fs & 100 CellA 2A17F 30 &3 7FE 2 W
7}sto] FAMES 2 ¥ H3}9]t).

¢kxl A3 FAME standard &S 77 10, 100, 1000 ppme =¥ =Z
GC-MS®Z #243o] FAME®] RT % ¥ internal standardoll th3} area®] 74
S EEgoEN AT A4S Ag 7Ivks Syt o] 2fd GC-MS AZES]
o] NIST library searchE &3kl 42 FAME®Sl RT #7HA F718to] F 46
el Aake] A ThsstEE SH. HgE olE AMAE T owAdE ay 9

PLFA marker®2 2:o]&= A x &0 o] old AF=2FHH A5E +F st
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1ml of methanol
containing 15%(v/v) H2S04

1ml of chloroform

y
Heating

(100°C, 2.5hrs)

4
Cooling

0.5ml of deionized water

Analysis

a3 9. FAME (fatty acid methyl

esters) A 25 95 B2 &,
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[Thin Layer Chromatography(TLC)E ©] &3 X9 EA4]

>

5= A

=
RS

F&3 A3 A3 Mono, Di, Triglyceride®} Cholesterol®] Rfzk<
st 4= 9l°o] Mono, Di, Triglyceride’} EAst= AL AT 4 9oH
Mono, Di, Triglyceride MixE TLCE o|&3le] 2413 A3} reference®t ¥ 13}

%S v Hexane : Ethyl ether : Formic acid (80 : 20 : 2, v/v)& ZH/l&m =z A}
&3t A & 5 Q.

ro

3}
o

a9 10. TLCE o]&3 xHte] #yg
213
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RT: 721 -1583

HL:
] 1085 7I3ES
- TIC Mm%
50 =
] Ay 1 1389
o 783731 535 575 p, 898 927 957 1018 1043 f 1170 1240 1278 1365 J|\2T 1421 1490 1548 1575
1123 b5
q 1285 3.3388
- TIC M3
507 &me
DZ 7g1 790 563 598 || 926 957 1034 1079 11.45 1240 12.78 13.11 1405 14.21 1453 1532 1575
HL
B c13 €14 c1s €16 c17 =
A TIC MS
50 1122 b
1 9.08 0ps 1429
g g1l 782791 828 838 ) 920 95 gat 1034 1143 1241 1235 1310 1352 14 45 1531 1561
[ cle:1l 1308
S 3] cil6:1 TIC M3
17 — 18917
¢ 791 ggr 907 1034
£ 1 _7ee 825 37_*7" 927 957 9.89 1103 A 1157 1240 1292 1312 1367 1531 1582
= | ML:
T C
¥ B :]4:6?:5 hib
50 °
] - 1122
] ez 57 888 gog 991 1048 1043 1171 1211 1272 1315 1385 || L4398 1422 1482 1535 1575
o 220 | 55 1
5> HL:
- Cls'z n R10FR

19 11. FAME standard A1Z<S GC-MSE &
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A1]

=

i

[High Performance Liquid ChromatographyS ©]-&3%F X%

HPLCE ol &3sto] #e83 AWs AFHos #4T & A5 A/MEzE A &
] (hexane), B €7 (methyl tertiary-butyl ether)E 0.5 gm membrane filterE ©]
4319 filtration$t &, gradient =74 A& g 4 . Standardi= Mono, Di,
Triglyceride Mix2} Cholesterol, PhospholipidE Z+Z} Chloroform®l = ¢4 HPLC
2 EA4% & gk

HPLC¢ ¥#41-& Spherisorb® 5 um silica columng ©o]&3t1 EXzHow
column =%=% 35 C, UV/Vis detectorE ©]83}o] 205 nm, 275 mmoll A #2& 4
Ao gradient =72 of# Eo} o] AF&3FH I, Z-7F9] Retention time o}
g &} 2t

Aol A APy B4 g

= WA A E)A highly abundantdt
5

bl I
cholesterol@} triglycerideE® WH# &3 tFE  elution FANA

8 5
mono/diglyceride, fatty acid, phospholipid& 717t #83te] A+ 7l&S gHES
=
LC-MS 7]8F vt A =299 S 93] o3 %

Aol A 242 A A S &
1 (CHClyMeOH/H0)%F § o]= LC-MS ©] 06}04 chromatogram< 94Y 3, 5
A dole g #A (p-value < 0.05, fold changes > 4)& A# txa A&
Hlarste]l defom S7b ms AT peakE 2o} ool st At 4

B ol g3l ALk

'S
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¥ 1. HPLCE o] &3t X A4 2] Gradient =71

Time(min) A(%) B(%) Flow rate(m{/min)
0 98 2 15
3 98 2 15
15 30 20 15
20 0 100 15
50 0 100 15
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¥ 2. High Performance Liquid Chromatography®l 2] Cholesterol,
Mono, Di, Triglyceride, Phospholipid®] Retention time

Retention time (min) UV (nm)
Cholesterol 22.3 205
Monoglyceride 26.3 205
1,2 Diglyceride 22.0 205
1,3 Diglyceride 21.2 205
Triglyceride 125 205
Phospholipid 24.8 275
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hexane CE

y . hexane/CHCI3/EtOAC TG
redissolved in
- hexane/MTBE/CH2COOH
. douncing o
Fat tissue Total fat lipids EHCLIFA MG/DG
CHClzMeOH/H=20
CHCla/MeOH/CHaCOOH FA
CHClaMeOH/H20 PL
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sample collection data collection ) data analysis
and extraction by LC-MS

__ ] sample 1
& 7 | 3]
— f‘ I —_—
w..!ir—«— § T
£ |sa
- [e— = mple
= '!]. ; .
sample 1 sample 2 L - g o A A
Retention time
characterization identification of
of unknowns known metabolites l
Oy OH
- accurate mass W\j
- MS/MS - - changing lons
| - chemical synthesis o known =
g unknown 0‘:7 l
Retention time Retention time

19 13, LC-MSE ©] &3k Hlal thAMA] = 9td g
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3. Lipids A34F # A st iy =4

Lipids&= "|A &2 membrane 74 A+ % A% =4z I
|9 lipide] 4% $49 wadd, dade] s wol] Wt o3
lipide] A S ol C/N ratio Hlu A ES F3lo] lipiddAat 243}
embrane®] &%+ phospholipidd] @84 = C/N ratio”}
Al gk Agd BHaes glov, S44 adle o5 1
1o 2 Mol uf olef A ﬂx—qyi} 2 =54 mAE
AL 5ol A2 markergg YoM A vie} 2 lipid
g 4= o Ad Ao thdt oo = phospholipidol &
|’¢ %™, neutral lipid®] Abdol & GaFo] ol A
otal lipid®] %< W7t o€t ohek oizie] 7
WAL Aakake]l #y S vt g To] 9lo] o
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r -
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0.07 | y=0.013 + 0.0045x, R"=0.234
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2 oo fp * B
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[FHE a4 YHE o8&

@

55 EY225H AE F=2]

2= a3l 7) 2] Ny-Alesund ¢ Midtre Lovénbreen ZH-E 12 799 B9k
AZ G HSATHFHL Date 2014-07-19730). A W= H3 A4 W3 TFH
2|39l B-=o] Midtre Lovénbreen, Ny-Alesund o4 & 12 399 E4S A=

st o™ (2014 7€) ofle] 1"y} o] Location no. 303 W&ol o] il

=3
7y Fo] B Bl 30 g& dWHH FHo| da ofr|o wWEE 20 mL,
2XE

vortexingS 3 % 15% ¢} sonicationg 3] lipidE solvent® &3 A 71t}
AEE (1000 rpm, 33)E dote] Fe Mo S HE wolEd F A &7
=tk ool AHAFE HAHS 3-63) wHEdltl o]% rotary evaporatortt N,
evaporators AF-&3le] solventES 99 ¢, g9 H silicic acid 29 AZvEL
o] WS o] &3l Phospholipid(PLFA) #& ¥, GC A& 918 =3}l 4
&oto] EAsHA

=

10 mL, phosphate buffer 10 mL& *d=z ¥ % d&E3F 283
2

o
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Procedures
1) Lipid extraction (Bligh&Dyer method)
2) Column chromatography (Silica gel)
— Neutral lipid (NL), eluted by 15 ml chloroform
— Glycolipid (GL), eluted by 15 ml acetone
~ Phospholipid (PL), eluted by 15 m| methanol
3) Methanolysis
-~ FAME
~ Mild methanolysis
4) Syringe filtering(PVDF)

o

a9 156, Ego g RE AH

HaE ol &3t AdE &

[

O

FZE5tn A9 ARvEL

b 9
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[ Ao BFEL 93 silicic acid BE AZvEIHY E EA L 93 GFEA
3t Bl

A& 1.1 cm glass columne iron standd] clamp® FF oz wws] A7
= eudE Z2HY 7P 2 FE7EA Eo] ¥ F sea sandE AT
t}. Chloroform 5 mL glass pipet® & ZAAHA AY ¢to g ZgFo] 2-3
washing&tth. o] o & oo 147} A@71 A Fs WA FEE] Feerh
713E7F A7IH H27) g hi’ixl ol T4 ¥

Silicic acid(100-200 mesh)E 03 g ?‘é 3H/H 200 mL H]#Ae] ¥ 3 chloroform
5mL °] &% % glass Columnoﬂ %ﬂ:l‘— 18] 11 chloroform© % packinge] & =
w7} 4] washing 3l 5= 1L packing®] < =2 w714 204 = 7o)
Columne] FUA&= AL WA 57 #15te] sea sandE 05 cmA L= silicic acid
$ol Yol & F, chloroform©] sea sand HIE SIH-E 71%] o x& WBHZE o
Rl RE e

Lipid samples 1 mL chloroform®] %4 columnel| 3 silicic acide] A=<
binding A7l AH= 1 & WX g

A HA &uQl chloroforme 5 mL &# 5% neutral lipid7} &&%™, & H
fel acetoneS 5 mL E& 59 glycolipid7t &=%th 283 A HA &vj
methanols 5 mL & F%¥ o] A3ol|A HF2O= st= phospholipid’l &% ¥t
Phospholipid®] # 3% test tubeol]l oA Alelx] AArFEx7]2 SvjE 5 S

E=]

b o

(ot o
rlr

=y

L
ol

o 2

o
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Sample Loading Chloroform Acetone Methanol

p—
- —_
@ =
EQrA B Fraction 1  Fraction 2 Fraction 3

(Neutral Lipid) (Glycolipid) (Phospholipid)

a9 18 2Y ARvEIYY S 283 Ade 2y BAE
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I uge HAH3E A3 $Eel Mild Alkaline MethanolysisE o] &3] %A
33ttt A WS WA F=Z9 phospholipid7t B4 test tubeo] 1 mL
methanol/toluene(1:1, v/v)2 =<QIth Z8]3 1 mLe 0.2 M-methanolic KOHE
Qa1 37 Coll A 1587 9+$-A] 71tk (Incubation). 2 mL hexane, 0.3 mL 1M-acetic

acid, 2 mL waterE Y1 vortexingdt™ So| &2 ¥t} Hexane(upper)s S &
=
[e)

% 2 mL hexanes F7}siA ¥l 3 M U extraction 3=t A|HA] ArFE=
71e] 50 C ZdolA 20 5t hexanes EF <@t} Test tubed &= =43

¥ PLFAY @A €th

_54_



% 3 54 "AE +¥E& YErW = PLFA marker
Microbial group Specific PLFA markers PLFA group
Bacteria 14:0,15:0, 17:0 Multiple groups
Gram(+) i14:0,115:0, a15:0, 116:0, 117:0, a17:0, i18:0 Branched
Gram(-) cyl7:0, cy19:0, 16:1w7, 17:1w9, 18:1w7, 18:1w5 Cyclopropyl, mono
Fungi 18:2w6,9¢, 18:3w6, 18:3w3 Polyunsaturated
Actinomycetes  10Mel6:0, 10Mel7:0, 10Mel8:0,i17:1w7c 10-Methyl branched

Eukaryote 16:0, 16:1w9c, 16:1w5c, 18:1w9c, 18:1w/c, 18:1w7t, 20:1, 21:0
Methanobacter 16:1w8c, 18:1w8

Anaerobe 14:1w7cDMA, i15:0DMA, 16:1w7cDMA, 18:0DMA, 18:2DMA, 19:0cy9,10DMA
Protozoa 20:2w6, 20:3w6, 20:4wb Polyunsaturated

Plants 18:1w9c, 18:1wllc, 18:3w3, 20:5w3, 20:0, 21:0, 22:0, 23:0, 24:0, 25:0, 26:0 Long saturated, straight
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old AFEd wWEW 7t vAE S YEW = PLFA markerg°] = F
2 20F o]/de markerg ©o|&3te] nmAE L TEE =3} Unidentified
bacteria®] A% A X =M 14:0, 15:0, 17:09] A w}Ako] 22o0]w gram(+)7re] 7
i14:0, 115:0, al5:0, i16:0, i17:0, al7:0, ¥l i18:0AH TAAIE EolAFH A
HoA == 5 d A wWEr]7t @™l branched ¥ Eje] A WAto] o] §¥ T
Gram(-)¥ 9] A cyl7:0, cyl9:09} Z2 cyclo forme A HAkz} 16:1, 17:1, 18:1
59 monounsaturated forme] A|HAte]  AEFIETE ESE  Actinomycetesi
10Mel6:0, 10Mel7:0, 10Mel8:0* 5 10 I x|of ®WE7] & >x33F= 10-methyl
branched form¥} i17:15 marker=4 ©]&€3Y Fungi 1&< 182, 183 %9
polyunsaturated form= 3 3$Fght},

Al g Aesiad, vdE X

d&ato], EAE ARAS A RA 3
e AaEfd At o2 FR7ete] nAdE a9dE AAH X]“Ji el T
2 AA veE ekl v, Ayt v
anteiso—-15:0, 116:0, i17:0, al7:0, 1180, 13 S cyclo-17:0, cy19:0, 16:1w07,
17109, 18:1w7, A2 18:2w6,9cis, 18:3w6, 18:3w3, WA TS  10-Metyl-16:0,
10-Mel7:0, 10-Mel&:0, i17:1w7c, #1322 16:0, 16:1w9¢, 16:1w5c, 18:1w9c, 18:1
w7c, 18 1w7trans, 20:1, 21:0 ¢ A ZAWALS o] &ttt IHSAAMTHL 1

HEG AT ADGAgE RS Hel Al e vEd = A

ol oy oA Hopxol A WAE A AAE ARG EAH AWAo R R
H mAdE S AAdAE 9248 5 o, AW AEARE o8t E
F W HAdE =Y FERE 44T F Uk AAA ALY TS 283
viable biomass®] & =74, &4 o] A2 30N v FFde]l TR
Ao F ol AREE AESFAMNTE/AFERAAT(G/GH, EY FUl=TF A
R gRol/AF (F/B) BAEdzel AuE 2 5 gt BREs/Es),
Trans/Cis, Cyclo/Precursor, Anteiso/Iso ¢ t&s A|#4t A x50 EA 8

o2 43k ok U3t S0 7153t} (Table 2).

20) Li WH, Zhang CB, Jiang HB, Xin GR. Yang ZY. 2006. Changes in soil microbial community associated
with invasion of the exotic weed Mikania micrantha. Plant Soil. 281:309-324.;Rahman MH, Okubo A,
Sugiyama S, Mayland HF. 2008. Physical, chemical and microbiological properties of an Andisol as related
to land use and tillage practice. Soil Till. Res. 101:10-19.

21) Borga P, Nilsson M, Tunlid A. 1994. Bacterial communities in peat in relation to botanical composition as
revealed by phospholipid fatty-acid analysis. Soil Biol. Biochem 26:841-848.;Yao, H, He Z, Wilson M],
Campbell CD. 2000. Microbial biomass and community structure in a sequence of soils with increasing
fertility and changing land use. Microb Eco 40:223-237.

22) Bardgett RD, Hobbs PJ, Frostegard A.1996. Changes in soil fungal: bacterial biomass ratios
following reductions in the intensity of management of an upland grassland. Biol Fertil Soils
22:261-264.;Frostegard A, Baath E. 1996. The use of phospholipid fatty acid analysis to estimate
bacterial and fungal biomass in soil. Biol. Fertil. Soils 22:59-65.
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(A2 & 9T silicic acid 2E A=ZvETH Y]

Ay AZvEOY IS ol &t AAS 9 A, 747 & M 7] F/79
lipidE©°] €% % +4 neutral lipid, glycolipid ~2#] i phospholipid ©]t}. o] &S 3
AHS o] 83 strong transesterification HH I EFAS o]

transesterification 'S o] &34 fatty acid methyl ester(FAME) e 2 &%

st A2 F GC-FIDE AWAF 22418 7 8abit).

A ad EeE Aﬂ TR AdL 47 v At Zeadds Tt
Aar glem Fe wet HEHE Fol Feld Ae & AT EF FEA
ol welb A= FAMES F57F o2 28 g

#3d A A& neutral lipid, glycohpld phospholipid®Z4] ©] & phosphate”] &
24+ phospholipide= PIA&E & FASt= Adol Fo EF & nAd=

EE EMskE dlo] dAlo] Hr

Tk AHaks GCE 437] 984 = phospholipid2 F-E A Abs &) 2] A7)

= transterification® methylation ¥4 o] H3td v}kl =43 WS v

skl 7HE A W s Zoldo] =gt webA FeF ol sobdl FAME

A& GC-MSE A ste] ol5& Hlw £z A7t dq =1
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2. PLFA
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Separational Method Analytical Method

79 23 PLFAWS Sa85h7] 9@ 29 2 24 wie) myx
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PLFA markerE<2 GC-MSE o] &3] =43 At

al 3T

o T v — =
olFol mAE ¥ HelHE FHst=H Tad dRE Aledt

¢ el

A& #8T Ao & silicic acidE o] &3 Ay AZvtED g o] gsto] 7}
7} Bz EAo wi= s S EoaM A FY RIS Ad=dg A WA o
A 27 EAstaAEkE A AS AA Hr

g3t Ao iy 2L GC-MS A4S &8sl Axd ¥d B 949

E9F 40 g& A F 3ol neutral lipid9} phospholipidE GC-MS& #2413 Axjo]n,

lipid markero] W& Atz el A4S 1«}5}‘44 1Yot}

HA st 9 HAastd PLFAW S &85t A=t oo oo E¢ow st &+

AHE HZESSNT 10 g9 EYS £ 739 35 mLe &z AHdS F=319

1, silicic acid 29 AZvE 23] © & neutral lipid9} phospholipid 328 <

o] alkaline mild methylationA| ZAt}t. wBFEA3H 2 32 =AHsg o, GC-MSE
FTEAS @ ARAS SA-SAT (1" x)

01-}1

O

71 A3}, neutral lipid9} phospholipid®] A|¥4F 22yl do] 2 AL e
o oA AJSo] u=m phosphohpid—t— AxE7F o T4 &+ Ul FaEHER

dopdls MAlE AlE ZHe YEh e Aoz dHA Stk
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3. #AH A3}
@D PLFAW < # 43}

PLFAY 2 #Ao] A 2

B S & w Foll A &2 F7IEWE dF AFESy] wiel oA EHE A
S dl&skal gk ¥ i

7b 8= Ao

T3k GC-MSE o]l &3ste] GAEAERE ofe} FFiEAo] 7tsdt A2=ds 5

7}A] internal standard fatty acid

1
0 oxst Anydl B EAE 9

s

3t7] f18te]l 2 7FA] standard mixture

methyl esterE o] &3a 7]7]9 Al7rx}o]e
A st T

3 A AEEE AEY FES 3 Fa4ste] A 8% HAE

om 1o wet lipid extractionoﬂ ALgE = g9 total volumed ZA

H Alol=, fF7]1&ul, A & HAS R HAS s wepA] Al
1

g e A ks
i wEEe] @Wol AREE AY ARvEIHT AF A 3 HFIE UoA F
Ao &8 A= A" AgE 6707F HA o] AdES T Y &
AME A&ste] Aol Fddol thE F AY A BERH EYdS AMHT A
PLFAA§F 4 v}ol o
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Optimization of PLFA method for efficiency
Minimize sample size : 30 — 10 g

Lipid extraction volume : 50 — 25 ml

Column chromatography diameter : 2 — 1.1 ¢cm
SA =47tsc 2l 284 : 6 columns

Save process time and solvent amount
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PLFA stability test

"EQFS T 15 Cofla =@ 3 PLRAS] QF 3y

Sall A PLEA composition * Total PLFA amount =
o 0 day - 106.83
& T,llqr:ﬁaﬁ

1 -

i" P
. I.I H I -
Choesl o hawsl o

Li L I - B O B
LI LI LIS LIS PP
Sodl B PLFA composition * Total PLFA amount ™
- 0 day - 110.31
= 7 day : 9265

1 JU

# Iﬂ i ey
1 l i -y
: IJ bk -:_. IH @ TNy

.\,"'""t: “ﬂa- 'd"* o 4_‘3_‘\;; _\?ﬁ- _\‘.i::. {; f_\'* #h ::; ::.-‘- A ':; _|-|- _F,'i‘- _.\ﬁ _L-,“’G' _L-."G' _FIJ-
% 29, B 259 A7te] whE PLFA M4 H2E A3

_73_




4 FA w7 lipid A% =4 245

ol PAMC 23174 Bacillus pumilus 52 whole cell A
4 THF E sk wE AWab A WEtE A8

YA Z 2 uhd 7t
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= AAE = AR ol st A Aelrt v AS EldY gAadd Gl
webA] dste AL dEH o AAE # o o] #F9 lipid A4 27
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2 g Al gase] AEES 4 7 AUtk o2 C/N raioo W& A
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Growth of Bacillus pumilus by different carbon source

0.8 4
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04 4

Dry Cell Weight (g/L)
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S“I‘E)F"" Location :; Depth ME:T_I"E' MJ'F':fI‘“‘d E““ir“"!““:
AT 0L 3 A 05 em - R

AS-O2 0 A 0-5 em 632 709

AS-03 47 A 0-5 em £a8 722

AS-04 62 A 0-5 em 4 738

AS-O5 103 B 0-5 em E.58 733

AS-06 170 B 0-5 em EEE 7.40

AS-O7 132 B 0-5 em 668 742

AS-O8 191 c 0-5 em 684 756

AS-09 303 c 0-5 em 686 758

AS10 310 . 0-5 em . . Abundsnt
AS-11 311 . 0-5 em . . Abundsnt
ALE-12 i1z - 0-Eem - - Abundant

*Sol hype (0= 4D UHc FMSISET 2T L8
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A AgtS A E9ARE ol&sto] 19 FAAT, 2 FAA, WA
o, APETe R etk MAE E¥H &S Figo Xo yehligdt 240l ¢nd

o
EYAE AS-02, AS-03¢] E%
=

=
) o Azkel A% 09171 mg kg !, ¥R
o 7% 40765 mg kg L& © "l

*1‘:4%7&-‘4 Fol7b 4.4 v Arojvk. 19 FAAHTE
< AS-029F AS-03A1Zoll A 242y 202 %9k 79 %L, 219 SAAT Y A gl
195 %% 183 % Fwo = H|s=stA SAH /‘H}ﬁ% TAHE 287 % 9 399

69l W&, PURE 66 %k 47 %) ETUEE A3 Ro2 o
R L EIC LD
AERA FFo

WA 5o AFE

b Isod Bl AWt/ Anteiso@ B A HAE ESHEAL/ S 81A]
S g Aol ¥l Xl #7]¥EArh ]Ee T wFol/AlT(

Fungi/Bacteria) H] & -0291 4 0.4849, AS-03° 4 0.7409= AS-

F71& ol A er =2 Ao vyt F8 AES AR FoA #8ol/

Aol vlee B Shegol A7t %]‘3}23).

714 % lﬁ% 714 wxe AF7E HiE EZIAHAHGE XA sES] W]

AS-0201 4 2.09872 AS-03ell4 04728% Z4= At &4 &

B kol %1‘%‘?} Aog olFe A7l 2 F e THSAT/IHEE TN

2 AS-022 09657013 AS-032 2.3239% FA}7F 2.4 Hf %

<
g

o r:u
)
o

b

>

cy19:0/18: 1W7c4 H] &2 AS-0291 4 0.0312%] a2, AS-03¢l4 8.7015% AS-03°]

At A o7 =gk} o] Ake]

2ol oale] Aolgl MAE FFo] GBS & F Uen, o JFo= —gzo]/
S

At Hle, 9EE3)

o|F Tt AdAH AAE BAS Foto] MAE <F H vAE L Fx2E Y

T UuReH, F42 sl PR FENAE FAL F s HAoE dgddr
2 HolHd s e SAURMS A& FAARE o Ji dHolHelA A
A E o] zolE FALEL7] 98le] PCA(principal component analysis, =743 &
A MHES =96ty 789 4 H AHAAES ZALE Al goltho),

23) Bardgett RD, Hobbs PJ, Frostegard A.1996. Changes in soil fungal: bacterial biomass ratios following
reductions in the intensity of management of an upland grassland. Biol Fertil Soils 22:261-264.;Frostegard
A, Baath E. 1996. The use of phospholipid fatty acid analysis to estimate bacterial and fungal biomass in
soil. Biol. Fertil. Soils 22:59-65.

24) Borga P, Nilsson M, Tunlid A. 1994. Bacterial communities in peat in relation to botanical
composition as revealed by phospholipid fatty—acid analysis. Soil Biol. Biochem 26:841-848.

25) Kaur A, Chaudhary A, Choudhary R. Kaushik R. 2005. Phospholipid fatty acid - A bioindicator of
environment monitoring and assessment in soil ecosystem. Current Sci. 89:1103-1112.

26) Wu Y, Ding N, Wang G, Xu J, Wu J, Brookes PC. 2009. Effects of different soil weights, storage times
and extraction methods on soil phospholipid fatty acid analyses, Geoderma 150:171 - 178.
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PLFA priofile (AS-02)
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¥ 6. EY MZo nAE +3 ¥ PLFA ZA3Y microbial stress indicator
(AS-02, AS-03)

Group Concentration (mg/kq soil)
Microbial PLFA components
Total {(mg/kg seil) 0.9171
Bacteria 0.2476
G+ 0.0845
- 00816
Fungi 0.1200
Eukaryote 0.4988
Protozoa 00231
Actinomycete 0.0276
Fungi/Bacteria 0.4845
Microbial stress indicator
Sat/Monosat 20987
lsofAnteiso 29126
Group Concentration (mg/kg seil)
Microbial PLEA
Total (mg/kg soil) 40765
Bacteria 12289
G+ o17e7
G- 04176
Fungi 0.9105
Eukaryote 1.7927
Protozoa 00362
Actinomycete 0.1083
Fungi/Bacteria 0.7409
Microbial stress indicator
Sat/Monosat 04724
IsofAnteiso 2.3840
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Microbial community structure (A5-02)

m Bacteria
L e
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Microbial community structure (AS-03)
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1. A=Zgo] gdm¥ EF AZ9 lipid markere F% % 24

ol

AMEY 459 55 EY ARERY AdS FE5t9 HA sk A silicic acid
A9 AzvtEadgyyHoz AXA X uHiH(Phospholipid-derived Fatty Acids,
PLFA)S &85t &5 EY Alae & 1279025 A=, 93
PLFAE 7lx=AamvzEagze] 487 A= E=HS 955+ Alkaline
mild methanolysis i o & WEHAHZ3 A7 & 7fA2az2uEag =z dgE
AAGC-MS)E o83t Aaks SA skt
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% AR WEY
12 FejoRE MEY 2=
FpH 574 2t
18 MR EF2ES100 EE(-80°C)

oV =

4Date 2014-07-19~30
Ny-Alesund,‘Midtré Lovenbreen

18 37. Midtre Lovenbreen X 99 &= B4 AZ 3 #HA

= =2
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PLFA pricfle (AS01) PLEA prickle (AS02) PLFA priofle (4S-03) PLFA profle (AS-04)

:nmm;smm‘m
Conceniration {mgkg sof)
mmu'm:(mw'lall
Concentration (moag' se)

l
T
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[
i ;™ ¥ o
[
L3 g o1
o
PLFA priofle (AS-00) PLFA pricfie (AS-10) PLFA priofile (AS-11) PLFA priofie (AS-12)
L [E8
_— =
i £ 3 g
] H 5 H
#
§ g E i "
o
065
-

18 38. Midtre Lovenbreen # ¢ &= E % AZ o] PLFA data
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FAS stk 1 A3 16s tRNA sequencing %3l A
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=

FAT.
n A5 FEalo A AFE3E A Hix] Q] Nutrient broth agar

3lo

ol

FA R gt )
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5

7. AR e A =23 v

Condition 8-6 6-4 psyl psy2 Psy3
4°C 4+ + +++ 4+ +4+
20°C + +++ +++ e+ +++
30 °C + - +++ ++ ++
37 °C _ _ - - _
pH3 = = = & .
PHS + + +++ 4+ +++
pH7 4 + ++ - -
pH9 e+ + +4+ ++ ++
pH 11 e+ - +++ 4 ++
pH 13 . 5 s s .
NaCl 0.1 M e+ + +++ e+ +++
NaCl 0.25 M e+ +++ +++ ++ ++
NaCl 0.5 M e . 2 2 .
NaCl 1.0 M i i & + +
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Total Fatty Acids Composition
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érou}il _52*‘ 15
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Date 2014-07-19~30
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%8 ARG AES U B 4w

Location *Soil **Glacier

No. type  retreat time ***Wind Aspect Slope Depth Soil pH
20 A 1937 face 8.83733 7.73945 0-5cm 7.09
47 A 1944 abris 159.872 10.5389 0-5cm 7.22
62 A 1949 abris 45.7266 3.9214 0-5cm 7.38
103 B 1957 face 62.5061 16.7078 0-5cm 733
120 B 1960 abris 104.461 6.06028 0-5cm 740
132 B 1961 abris 39.102 18.1267 0-5cm 742
191 C 1978 abris 342.511 3.53635 0-5cm 7.56
303 C 2011 - 352.383 15.3796 0-5cm 7.58

* Soil type : YSIZRE AHZ|o W2t L= 15, CE A5 Walet 7H12
** Glacier retreat time : 8}|'10] A|ZHEl A]7] (1)
*** Wind : face (dominant winds are directly in front of face), abris (dominant winds with no direction)
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Loading Plot of 47, ..., 303
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# 9. 44E 8 H5 EY AZ9 PLFA 24& 59 wAE 2F5¥ T u
FYSE g v

Group / % 20 47 62 103 120 132 191 303
Bacteria 19.5 217 24.9 27.1 28.7 20 23 53.5
G+ 20.2 7.9 11.4 16.7 13.1 2.8 15.8 9.2
G- 195 183 17.1 27.9 268.6 33.5 33 13.6
Fungi 28.7 39.9 33.4 1.1 23.1 11.5 11.5 2.2
Protozoa 3.3 16 4.3 1.9 3.9 3.3 7.6 5.6
Actinomycete 6.6 4.7 8.9 5.1 4.5 10.2 2 15.9
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20 103 191

m Bacteria m Bacteria m Bacteria

=G+ uG+ nG+

"G uG "G

= Fungi m Fungi m Fungi

= Protozoa = Protozoa = Protozoa

| Actinomycete ® Actinomycete m Actinomycete
120

m Bacteria = Bacteria m Bacteria

G+ uGH G

uG- uG- G-

m Fungi m Fungi m Fungi

= Protozoa = Protozoa = Protozoa

® Actinomycete  Actinomycete = Actinomycete
132

m Bacteria m Bacteria

RG* uGH

"G "G

m Fungi m Fungi

m Protozoa = Protozoa

 Actinomycete = Actinomycete

871 %3 =G AT PLFA B2 E¥ mAE 2Ry & o
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[P A E & @ microbial stress indicator &-&]

AL 3 AL 9o mAE +3¥ PLFA markerd] W& g % &4 A

HBAAE T 2EH2 AFE HeEpd=d 289t Total PLFA(mg/kg soil)<
EY e Aol AEFS YEle Zola, #FAstaz st vAE TR E
Oz A+ wrdElel, % S4(-) vrglElol, Fungi, Eukaryote, Protozoa,

: = )
Actinomycete ¢ ¥ AR Z Fgold 4 gt}
A E ~E# 2~ A #F(Microbial stress indicator)®4 Fungi/Bacteria® % H]
&, Saturated fatty acid/Monosaturated fatty acid, =22 2 Iso form/Anteiso form
PLFAE°] 2Tl Fungi/Bacteria®l #°] &5 ES U F71E & =& A
1, Saturated fatty acid/Monosaturated fatty acid®] ko] @ES4-=2 7
A Fevt =8 AS vEhdY. 183 Iso form/Anteiso form PLFA®] k2
2E# 25 el = A, Fo] ASTE A2 2EYAE W2 o= g
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3# 10 AAE S EF AlE9 PLFA #45 T3 vAdE T9F % 2EH= A
4
Group Concentration (mg/kg soil)
Location No. 20 47 62 103 120 132 191 303
Microbial PLFA components
Total (mg/kg soil) 09171 4.0765 0.4950 1.0280 1.8901 11253 0.5573 0.3155
Bacteria 0.2476 1.2289 0.0865 0.3740 0.7480 0.4340 0.1517 0.0274
G(+) 0.0845 0.1797 0.0185 0.0872 0.1435 0.1248 0.0334 0.0033
G(-) 0.0816 0.4176 0.0277 0.1455 0.2907 0.1935 0.0697 0.0049
Fungi 0.1200 0.9105 0.0540 0.1101 0.2525 0.0666 0.0243 0.0008
Eukaryote 0.4988 1.7927 0.3331 0.5073 0.7986 0.5470 0.3459 0.2794
Protozoa 0.0231 0.0362 0.0069 0.0099 0.0421 0.0190 0.0160 0.0020
Actinomycete 0.0276 0.1083 0.0144 0.0266 0.0489 0.0587 0.0195 0.0057
Microbial stress indicator
Fungi/Bacteria 0.4849 0.7409 0.6238 0.2944 0.3375 0.1535 0.1599 0.0302
Sat/Monosat 2.0987 04724 2.5587 1.0658 0.6759 1.3821 2.1136 6.6369
Iso/Anteiso 29126 2.3840 37781 2.6587 2.0823 2.5056 2.9949 3.1538
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DNA F%% 93 KitE o]&3sle] B9 DNA quantity®} qualityE Nanodrop

o7 BAs) B Ay eyt e x| e HASFE DNA concentration} ©]
of W& quantity’t S7ksHE FAlE Hol=wl o= PLFASH o] £a4 oz vl
AEAAS Hol= AL FddTd 4 9t 1

A& s & 5 AT Frtste=

2 NGSE B3 DNA E4e= aF #4& 3 A3 otde 'Double Pie
Chart'®} #o] Phylum <oA= Proteobacteria, Actinobacteria, Bacteroidetes,
Acidobacteria, Chloroflexi, Planctomycetesol] w3t #3327} e

Double Pie Chartoll A W2l & Phylum F&olA e 45 yehyn 239

¥ Family F+2o2 43 Ayloltf. NGS #4432 E2 ZF Phylum
9o H&S vwd Ay F Bacteroidetes® A% o] wE  microbial

community composition(%)7} v &3] F718= AES Hol 23 s’ A7y
Ao et N x=E &8 H F S Aol
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Iy 46, AAE dix 371 AEFe DNA F% Kitgs
[e]

quality ¢} quantity &<l A}
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Conc. Total
Volume
Sample Name (Nanodrop) | 260/280 @) amount
u
(ng/ul) (ng)
1 71 years 38.366 1.938 30 1150.98
2 55 years 28.704 2.084 30 861.12
3 4 years 18.619 2.328 34 633.046
60.00
40.00
20.00 . m Conc.
0.00 -
4 years 55 years 71 years
olgsl =¥ W DNAS]




Phylum

Proteobacteria(32.32%)
Actinobacteria( 16.89% )
Bacteroidetes(14.37%)
Acidobacteria(9.78%)
Chloroflexi(9.1%)
Planctomycetes(6.66%)
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Proteobacterias= Escherichia, Salmonella, Vibrio, Helicobacter®t %< Gram <
AtS W3 Actinobacteriat®™ Streptomyces®t 2 =2 G/C contentE 7}A|
© O Aol oo gt Bacteroidetes® A @714, £714, 1% =4
1t, spore H]® A rod-shaped bacteria 5 ©] a9 % ™ sphingolipidE A=
Sphingobacteriia’}  ©lo|  3]E3st}.  Acidobacteriax=  Holophaga foetida,
Bryobacter aggregatus®t 22 w7} 393 PlanctomycetestE =504 A%
st ZolE Faf Adtar dAY AEHO JHE =S ko] ZoHofls 5A o
ALt olE EUZ 19 14.9F o] NGS Ao weE +H8H T4 v&S By

2 & WstE HolA @i, A AFdW A o] Bacteroidetes®] M &
2 F7tsl= A& By X TF Actinobacteria®l A= dWo] b ogd
siteo] A vl &o] BlwA A gk} ole Aol ¢ ofHE oA A T

e

A Actinobacteria®] 5437, 3ol S#HE EdAe v WAE FHE

Fws AFE F de o] HWA AALYHA Actinobacteria®l H] & o] o}

A AR fAT F+ vk

Rank abundanceE %3 HlAE w4 X £41¢9 49 Whittaker ploto]2il%

Y AETYdAY 84E AREEAXIE o= 3 2 AT Bl A&t
TE HES 54

o] BRI g %3}
BogE A vmsA BAE & gk F BT Ege) 49t e n Rl
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CD-HIT Rank abundance
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NGS #2449 F9 16S rRNA sequencing= E3] DNA 7|HFS 2 Bacteria

A&l Fohe T A EREAT AFdo] BAHA Fevhes Gl dth

S B3 42 HoHE RIAA vAAE FF X9

tﬂi}g— Oﬂzﬁ} A "ok PLFATE NGSl v]3] v A& - ds)
T,

g
sEdS A% B F AR 52 2L 5 Y] BEe o

%) Aol HeEoloF = NGSe 4% DHY AFE &3 AZF MIds
o AES A & 4+ g

stgsit, o= Ao R AAZ ¢ PLFARCSE Wi
% 3

(DHYZX| %) = [0.0001*( NGS & 7H= i o)

DHY &=
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X
=
o
o
i
<
b
w
Y

AME5 PLFAR I NGS 1ol o3 mAs <4 v

4 years 55 years 71 years
Number % Number % Number %
Total 100 100 100
Bacteria 4915 976 5036 98.8 2648 99.6
Proteobacteria 1778 353 1608 316 859 323
Actinobacteria 375 238 1244 244 449 16.9
Bacteroidetes 283 5.6 301 7.7 382 144
Acidobacteria 375 75 511 10.0 260 9.8
Chloroflexi 402 8.0 498 9.8 242 9.1
Planctomycetes 293 5.8 299 5.9 177 6.7
121 24 59 12 10 04
Conc. (mg/kg) % Conc. (mg/kg) % Conc. (mg/kg) %
109 100 100
0.0274 27.2 0.748 28.7 1.2289 531
G(+) 0.0033 7.9 0.1435 132 0.1797 93
G(-) 0.0049 183 0.2907 26.6 04176 137
Actinomycetes 0.0057 47 0.0489 45 0.1083 15.8
0.0008 189 0.2525 231 0.9105 23
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1.400
1.200
1.000

7= 0.800

> 0.600

2 0.400 m 4 years

o B Be m s
Total Bacteria G(+) G(-) Fungi m 71 years

4 years 1.173 1.279 0.099 0.788 0.012

55years, 0.198 0.161 0.008 0.067 0.000

71 vears- 0.048 0.051 0.002 0.027 0.000

Microbial Community

a9 50. dAdE i 370 A& NGS¢F PLFA 24232 =iz ¢¢ DHY A
H

=
48 As Yokt He F AQ] ARFE B ) MgT T vy
53
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[ZA] 3 PABELE o] &3 lipid marker ¥ A ]

55 B AE9 PLFA Z23dy dolHs EU=E, ofd d725H 203
o g PLFA markero] tigh AEE 1% 23471 <

o WHEste AWAroEA mAE F v&d AFAA AdE
LEEote el Entge] He Au= 200
2 AFgoM = FA fFdl vAESQ Bacillus sp. 91 Bacillus thuringiensis
(PAMC 23133)¢} Bacillus pumilus (PAMC 23174)9} 4wt Bacillus sp. <l
Bacillus thuringiensis (KCTC 3452)9} Bacillus cereus (KCTC 3624) ©f total
fatty acidE® ¥Astdct. 2 FolA Fx FH vAE F sy Bacillus
pumilus PAMC 23174 #FZ AeElsle] 229 vjok A Ho] wpE PLFA W3 %
AEAS Felstgdrt. T3k Bacillus pumilus PAMC 231749 F8 A HAMS
GC-MSE &3 #43% Z3 13-Methyl tetradecanoate®t  12-Methyl
tetradecanoate’} 73 =& H|&E EAE 2 Methylene hexadecanoate,

Palmitate, cis—10-Hetadecanoate 52 *]¥4ko] 4] %t}

Zy

—

r.
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1
1 |
LALL mm‘uﬂ—— = L—JUﬂJLM M

Potential (mV)
Potential (mV?)

Time (min) .T:me (in)
C D

Time (min) Time (min)

a9 51, AU Bacillus sp. ¥ 9¥ Bacillus sp. €9 total fatty acid #49
A3} (A. Bacillus thuringiensis (KCTC 3452), B. Bacillus cereus (KCTC 3624),
C Bacillus thuringiensis (PAMC 23133), D. Bacillus pumilus (PAMC 23174))
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13-Methyl l

12-Methyl
st Tetradecanoate Y
it wa Tetradecanoate il
100: A L
| & 72e0
' l Methylene hexadecanoate
11615 (cyclo C16:0)
Palmitate cis-10-Heptadecanoate
% (C16:0) (€17:1)
| ‘ l 1;451
| 1635 Il"g."’“
| \ll AP A | 1853 i
il 4 " | A K J i) N
1200 12 iee0 13m0 oo | iam | imon 9% 1500 | 1em oo ares 1850 | 1% 1900 1950 | 2000 | 0% | 2von | 2io T 2200

2% 52. GC-MSE &3l =A a9 Bacillus pumilus PAMC 23174 ¢ 2%

A 4
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=24 e w zZ+Z4e PLFA HE&S ¥usgt. 2=7)
anteiso-1 | Z718l= ASS Holi iso-150% 30% olale] =
= ZAdeE ATS Byt o]l Anteiso/Isod H &S EUE 2x7) yo}
cold stressoll A E = &g 4= AT}

o1
()
D
o%
>
o

g mAES WG Al PGl FHE TSBuiAI9F vlwd AfE =79l
minimal media(glucose 719 Z oA PLFAS HAsth g okio] R=3
29 A= iso-15:0, anteiso-15:0 2] A wWAko] A4St wHA, 1601, 16:0 ¢ A HF
AHE FbelE AES Hol ol5S U ~EY 2o #E xxE Fes £ g
=3
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= 80
i =
= H is0-15:0
%" =] anteiso-15:0
— I 16:0
2 [ cy-16:0
(_Li 60 - hE . 171
0
g 1
=
4 T
(7r]
[ 40 =
E T
Lih]
L]
=
L1 ]
U
g 20
Lih]
=
®
[iF]
X o- i : i i
15 ¢ 20 ‘¢ 30 ¢ 37 °C
Temperature

19 53. Bacillus pumilus PAMC 23174 ¢ w1 % & %o w2 2W4ke] profiling
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100

I iso-150
[ anteiso-15:0
4 . is0-160
- 80 === 16:1
g . 160
= N cy-16:0
< = s _— 171
E
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5
= 40 4
o
(o1
©
=
0
i 2'3 -
i)
i
0- - T

TSB MM(glucose)

19 54. Bacillus pumilus PAMC 231749] vjoF A& #)|3lo] wE A wlike] W

3 w4
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Table 2 The ratio of anteiso- and iso- form fatty acids produced by Bacillus pumilus PAMC 23174 in each medium

Media Growth Percentage of total fatty acid (%) Anteiso/lso
temperature (°C) . ratio
Iso-15:0 Anteiso-15:0  Cl6:0 Cy-C16:0 Civ:l
TSB (Leu) 30 5.0 1.23  43.7£2.04 04 002 28£0.11 21003 086
TSB (lle) 30 363+£1.10 553+195 02 001 524021 3.1 +£0.07 1.53
TSB (Val) 30 425+ 141 544 +£2.69 - 31016 - 1.28
TSB (Leu, lle, Val) 30 479+ 203 461 £ 1.51 08010 5240009 - 0.96
TSB (Leu), cold shock 30 534+ 211 461 £ 1.90 04 +£005 01001 01=x001 086
TSB (lle), cold shock 30 31,7 145  67.6 £ 3.56 05+004 02£001 - 213
TSB (Val), cold shock 30 383+£077 612+ 157 03£005 01£001 02=+001 1.60
TSB (Leu, lle, Val), cold shock 30 366098 619232 06003 07002 02001 1.69
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3 (@]
A 38 A7en A% Ug QA7)
A3 Ex 10 &3 ARIST $HY &9
O MF&ERE 1-1: A4 3l L FEAstd &9
A T W & A T+ A4 HEFA)
- A FEF A ATFE T 4 flow &
- AHak =Ho] 7153k A4 sample® ¥ F&
- . x=71 g4
A 5 A g9
= EYoEZRE AW = T Y 4 F
A3t F2 EYOZHY AW F& FH
$=
- A4 24 & 918 GC-FID, GC-MS 4 =
A %y
GO EAel WEAY fEAS By o
1ml of methanol
containing 15%(v/v) H2S02
I 1ml of chloroform |
Heating
(100°C, 2.5hrs)
FEASY &9 v
| Cooling |
| 0.5ml of deionized water |
I Analysis |
19 55. FAME (fatty
acid methyl esters) Al
£5 f3 2AE
= Egozny 2hxe Hdy feAs
Y E9 BANE BYPso IAEFS
2EARE AP B0 ASSA HAE.

- 123 -




O MFEXE 1-2: X4 T/ 99 g4
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o { gkQl
y ’ 4 ' 4
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A F5E 23 Y
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- TH EY ARE Bl ded HHE (5
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EY fFd AE 24 )
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19 57. 8% PLFAYS o83 EYAE
A Ay
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Growth of Bacillus pumilus by different carbon source

Dry Cell Weight (g/L)

04
0z
0.0

Cellobiose 1% Celiobiose 4%  Cellobiose 8% e %

7 58 ¥©AxY FH ‘3—! Fxol wE PAMC
23172 Bacillus pumilus®] 73742 z}o)
= API 50CH kit® Bacillus pumilus® 87}

s &4 F92l (Glucose, cellobiose %)

~ E/_P/\ =7 9 sxd wE Bacillus pumilus®
J 2}

(e}

o

2

1%

- GC-MSZ %3 Bacillus pumilus® A HAF A4k
gkQl

o 13M-C16:0 J, l 12M-C16:0 €16:0
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Bacillus pumilus ! Qev.y cyclo C16:0
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- = ‘\ ™ ,{ | L} am
| % g -

"
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I
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Bacillus pumilus
«| Cellobiose, 8%

150 66
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2AEES FA NAE AU BHo| s

A H.

- 125 -



JAREE : B3 EF F99 lipid marker £4]

O AlF-53 1 Lipid markere] #4241 2 A E +3 24

d 7 & a4 T 2 HEFA)

- AEYe] 4RF BT EY ARziE A48
A9 ARy gos
172 A MAHPLFA)S 9

AELe] dud B AR ) - B3 E AR 4EY
> = 1 3 12 7oz e MEY 22
° Ipi °of F= % FpH 57 282
hpld marker'q = MK =X 2L S 00| HEH(-80°C)
w4

4Date 2014:07-19~30
y Ny~AIesund,,Midt‘re Lovénbreen

Y 0. A B Y AE AA AY

- Alkaline mild methanolysis B o & <¢1x2 A
WAHPLFA)S wWEo s 238 A7l & AR
7I(GC-MS)E o] &3t A
- YR EFEZZ Heneicosaenoic acid(21:0)E ©]
goto] At ZESdES A 2 AH 24

e
ftlo
A\

2

- 126 -



PLsAprke (4502) PLFAprale (4505

PLEA e 508) PLEA pioke AS09) PLEA oo ASTT) PLEA o AS08)

PLEA ol A508) PUAprate 4510) PLEA e AS11) ———

- 71E BE 2 GOMS S84 ¥4 Hsw
PLFAE #4&3te] PLFA-WAE 3to] 435 77
& 44350 %

Microbial group Specific PLFA markers PLFA group

Other Bacteria 14:0, 15:0, 17:0 Multiple groups

Gram(+) i14:0, i15:0, a15:0, i16:0, i17:0, al7:0, i18:0 Branched

Gram(-) cy17:0, cy19:0, 16:1w7, 17:1w9, 18:1w7, 18:1w5 Cyclopropyl, mono

Fungi 18:2w6,9¢, 18:3w6, 18:3w3 Polyunsaturated

Actinomycetes  10Me16:0, 10Me17:0, 10Me18:0, i17:1w7¢c 10-Methyl branched

Eukaryote 160, 16:1w9c, 16:1w5c, 18:1w9¢, 18:1w7c, 18:1w7t, 20:1, 21:.0
Methanobacter 16:1w8c, 18:1w8

Lipid markerZ o]

ofo
ro
h=)

Anaerobe 14:1w7cDMA, i15:0DMA, 16:1w7cDMA, 18:0DMA, 18:2DMA, 19:0cy9,10DMA
= O = Protozoa 20:2w6, 20:3w6, 20:4w6

e +H 7+

Plants 18:1w9c¢, 18:1wllc, 18:3w3, 20:5w3, 20:0, 21:0, 22:0, 23:0, 24:0, 25:0, 26:0

Polyunsaturated

Long saturated

a3 62, MAE ¥ PLFA marker

- 9o]& E3}l9 Bacteria, Fungi, FEukaryote,

Actinomycete Sl i +x HAHE & F 3

Adom, FHA Q< AFE<Q Fungi/Bacteria,
Sat/Monosaturate, Iso/Anteiso 59 HAHEZ E

) o o =
dol FHA aJNES FF

S o
- =
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Group

Concentration (mg/kg soil)

‘ 20 47 62 103 120 132 191 303

Microbial PLFA components

Total (mg/kg soil) 0.9171 4.0765 0.4950 1.0280 1.8901 11253 0.5573 0.3155
Bacteria 0.2476 1.2289 0.0865 0.3740 0.7480 0.4340 0.1517 0.0274
G(+) 0.0845 0.1797 0.0185 0.0872 0.1435 0.1248 0.0334 0.0033
G(-) 0.0816 04176 0.0277 0.1455 0.2907 0.1935 0.0697 0.0049
Fungi 0.1200 0.9105 0.0540 0.1101 0.2525 0.0666 0.0243 0.0008
Eukaryote 0.4988 1.7927 0.3331 0.5073 0.7986 0.5470 0.3459 0.2794
Protozoa 0.0231 0.0362 0.0069 0.0099 0.0421 0.0190 0.0160 0.0020
Actinomycete 0.0276 0.1083 0.0144 0.0266 0.0489 0.0587 0.0195 0.0057
Microbial stress indicator

Fungi/Bacteria 0.4849 0.7409 0.6238 0.2944 0.3375 0.1535 0.1599 0.0302
Sat/Monosat 2.0987 0.4724 2.5587 1.0658 0.6759 13821 21136 6.6369
Iso/Anteiso 2.9126 2.3840 3.7781 2.6587 2.0823 2.5056 2.9949 3.1538

% 63 AAdE 87 H5 EY AME9 PLFA &
s T3 vAE S5 9 2EYA A5 B4
= B3 E9% 87] site®] PLFA £4& 3 7

il
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Condition 8-6 6-4 psyl psy2 Psy3
4°C +H+ + e+ +H+ +H+
20°C + +4t e+ e+ +H+
30°C + e+ ++ ++
37°C
pH3
pHS5 + + e et .
pH7 e + ++
PHO 4t + 4 ++ ++
pH 11 4t - 4 ++ ++
pH 13
Nacl0.1M 4t + . . .
Nacl 025 M 4t ++4 . ++ ++
NaCl 0.5 M . Y _ B .
NaCl 1.0 M 5 - & 5 “

a9 65, AAS 75 Y =4

R4

- ZA 4 Pseudomonas sp. ©l AHAF €l )

=
Zzke] 4 W &S A

Total Fatty Acids Compositian

100
. 120
3 10
- anteisols:
80 q 1180
. 161
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" EUE
60 q
40
20
0

psyl
Pseudomonas sp.

a9 66, AA #Fe (A gAA BA

Fercentace (1

= £ 383 =X Pseudomonas©o] W3 X & At
A Y 53
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Phylum

Proteobacteria(32.32%)
Actinobacteria( 16.89% )
Bacteroidetes(14.37%)
Acidobacteria(9.78%)
Chloroflexi(9.1%)
Planctomycetes(6.66%)

Community Analysis
‘Double Pie Chart (Phylum)’

i=] =
Conc. Total
Volume
Sample Name (Nanodrop) | 260/280 amount
(ul)
(ng/ul) (ng)
1 71 years 38.366 1.938 30 1150.98
2 55 years 28.704 2.084 30 861.12
3 4 years 18.619 2328 34 633.046
60.00 |-
40.00
2000 . l mConc.
o
4 years 55 years 71 years
A 3 O = =)
Iy 71, 30 "E AMES KitE o] &3] DNA
FZ % quality 9} quantity =<l A}
. 4000
g
§
£ 3000
8
a
s 20.00 -
Z
£ B4 years
£ 10.00 - — 55 years
£
; |l I IR
2 000 - MEETES  EETTRN | £ Bl b :
]
5 Q@ & & 0 A &
'§ & $ & & & i“&
& & & § N &
4 N & o ¢ &
Q@ W &F ¥ &
Microbial Group

29 72, NGS &£4 A3 o3 mAE < F
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4 years 55 years 71 years

Number % Number % Number %

Total 100 100 100
Bacteria 4915 976 5036 9838 2648 99.6
Proteobacteria 1778 353 1608 316 859 323
Actinobacteria 375 238 1244 244 449 169

Bacteroidetes 283 56 391 77 382 144

Acidobacteria 375 75 511 100 260 98

Chloroflexi 402 80 498 98 242 81
Planctomycetes 293 58 299 59 177 6.7

Eukarya 121 24 59 12 10 04

Conc. (mg/kg) % Conc.(mg/kg) % Conc.(mg/kg) %

Total 100 100 100

PLFA Bacteria 00274 272 0.748 287 12289 531
data G(+) 0.0033 79 01435 132 01797 93
G(-) 0.0049 183 0.2907 26.6 04176 137
Actinomycetes 0.0057 47 00489 45 0.1083 159

Fungi 0.0008 199 0.2525 231 09105 23
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Table 2 The ratio of anteiso- and iso- form fatty acids produced by Bacillus pumilus PAMC 23174 in each medium

Media Growth Percentage of total faty acid (%) Anteisollso

temperature (C) — ratio
o150 Anteiso-15:0  Cl6:0 CyCl60  CI7L

TSB (Lew) 30 SL0E1 437£204 042002 28£011 21£003 086
TSB (lle) 30 BILI0 532195 022000 52£020 31£007 153
TSB (Val) 0 D514 442260 - 32016 - 128
TSB (Leu, lle, Val) 30 a9£203 41151 08£000 52£009 - 096
TSB (Leu), cold shock 30 SAL 41 £190 042005 012001 01001 086
TSB (le), cold shock 0 AT+ 145 6762356 052004 022000 - 13
TSB (Val), cold shock 30 BILOTT 6124157 034005 012001 024000 160
TSB (Leu, lle, Val), cold shock 30 366£098 619£232 062003 07£002 02£000 169

¥ 13 77 & 279 wjgde] wE
Bacillus pumilus PAMC 231749] anteiso- <}
iso- Gl A nake] Bl &
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Biosynthesis of poly(3-hydroxybutyrate-co-3-hydroxyvalerate) containing a
predominant amount of 3-hydroxyvalerate by CoA-engineering %<&, HEwW,
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Production of poly(hydroxybutyrate-co-hydroxyvalerate)(P(HB-co-HV) containing
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Production of bioplastics from volatile fatty acids
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apphications in the cosmatic ficld as fagmnce maknal, thickener, and humectants [27). In
addition, there has been a meport on the synergetic effect for radical scavenging activity by
combining two different molecules to make an ester form [28]. Based on this idea, the radical
scavenging activity by DPPH assay was examined (Fig. 4). Substmates, D-sorbitol and viny |
cinnamate, a2 well a5 the products, dnnamic acid and & C-cinnamoyl-sothitol, wene ecamined
fior scavenging activity. When 1110 mM of cinnamic acid, sorbitol, vinyl cirnamate, and 6-0-
cimmamoyl-sorbitol were examined, only 6-C-cinnamoyl-sorhitol showed 30 %0 mdical scav-
engmg activity. Compared to the ascorbic acid (control), at the mnge between 0 and 100 pM, it
showed 8 %6 activity, while asorbic acd showed 60 %% at 100 pM. Although the current
analyzis showed a lower activity than ascorbic acid at 100 phM, but considermg that ther
substrates were not showing any radical scavenging activity, # thus provides great insights and
potential for possible applications m cosmetics.

Conclusion

In this study, we attempted to improve the property of dmnamic add by esterification with
sorbitol and tried to explore the synermistic offects of both compounds together in a reaction,
The enzyme-catalyzed synthesis of 6-O-cimnamoyl-sorbitol usmg D-sorbitol and vinyl
cinnamate was performed in an organic solvent under mild conditions, resulting the
production of 6-Ch-cimmamoyl-sothitol, which also possesses the substmte specificities
of a cimmamate derivative, The synthesized 6-O-cinmamaoyl-sorbiiol showed a consid-
crable radical scavenging activity, Although, the optimimtion of production to im-
prove the yield is still needed, and our study provides novel ingights in the functional
modification of cinnamic acid, and this would be the first report on the production of
f-Cl-ginmnamoyl-zorbitol n vitro,
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Fig. § SDS-PAGE showing the
efiect of s moproecian

{efhanal 3 %, socrose 4 9,
glycine hetine 10 mM and
Nall € %) on expression of
amylase (728 kDo) m Whale
cell exiract showed indal solnhle
protein fraction, b memirane
fraction representing, insolohle
proan fraction of diffarent
culinre abizined after gmwing
E cali KB in presence of
varkms anopmiecn, e [
marker, lane ? contral, dame 3
edhanal, lane 4 socrose, Tane 5
glycine hetine and fane § NaCl

O=moprotectants effect on PHA accumulation

Overexpression of recombinant proteins in Ecoll mosty
leads to misfold and accumulation as soluble aggregates or
inclusion bodies. Different cemoprotectanis were iried to
increase the fraction of expressad proteins in solwble form.
SDE-PAGE analysis results confirmed the change in FHA
accumulation as there was an increase in the soluble
amylase fraction {728 kDa, whole cell extract, Fig. fa) and
decrease in incluzion body of amylase (membrane fraction)
was observed in fwe presence of camoprotectant {Fig. Gh).
An increaze in the soluble amylase fraction was reconded,
ie. 182 and 8.1 % for glycine hetaine and sucrose, ne-
spectively. Glycine betaine proved as efficient osme pro-
tectant and increased secreted amylase fraction {14.3 %),
which mealted in a 17 % increase in PHA accumulation
without effecting biomass. Sucrose, 2 non metaholizable
sugar for Ecoli also have a positive effect and increase
5% PHA accumulation while ethanol and NaCl have a
negative effect (Fig. 7). Osmoprotectants have very little
effect on growth. Under the optimized set of condition with
10 mM glycine betaine & the cemoprotectant, PHA ac-
cumulation process was performed at 100 mL scale and
574 % PHA accumulation was recorded with 124 gl.—*
productivity. Engineered E coli grain SKB9Y can aceu-
mulate wp to 57.4 % of its CDM 2 PHE on starch, while
413 and 473 % PHE accumulation was shown in ofer
recombinant E. coli grains grown on glucese and glyeerol
as the carbon source, respectively [19, 20]. The main ad-
vantage of this bioprocess iz the utilization of starch =
carbon source which & a renewable and second most
abundant carbon source [11]. The effective rolke of the
various pemoprotectant {polyol, betaine, MaCl and efanal)
for expression of recombinant protein in Ecoli has been
explored for better protein expression [21-23].

Fig. 7 Efiect of different csmogprotectant on PH A aconmulation and
bhiomass pmduction. Diferner symbols meed to represem vagioms
osmnprechnss &: momal (), efenol (£} mooe (5, ghome
hetaine (78} and sodim chlogde S0

Conclusions

Production of PHA using various microbes and E coll
from various carbon spurce has been known for several
years, its production using starch has not been explored yet.
The results ohtained in this study showed it engineered
E cofi has the potential o utilize gtanch, the second most
abundant carbon soure, for PHA production. Thus, the
result provided here presents a new approach for com-
mercially valuable product and addition of te csmopro-
tectant during the culure condition enhanced apluble
proein fraction which can increase the productivity.
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Abstract

Objectives  To develop a sensitive and guantitative
method for monitaring the abnommal glycosyvlation of
clinical and biopharmaceutical produocts,

Results MALDEMS-hased  guantitative  targeted
glycomics (MALDI-QTaG) was proposed for sensitive
and guantitative analvsis of total N-glycans: The
derivati zation reactions (ie., amidation of Sialic acid
and incorporation of a positive chargs moiety into-the
reducing end) dramatically increased the lineaniy
(R% =099 and semsitivity (hmit of detection is
0.5 pmoliglycopmitein) relative to imderivatized gly-
cans. In addition, the analvtical sirstegy Cwas
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chmmatographic purification-free and non-laborious
process accessible tothe high-throughput anal vees. We
wied MALD-QTaG to analyze the Mglycans of o
fetoprotein { AFP) purified from normal cond blood and
HCC cell hne (Huh7 cells). The tal percentages of
com-Tucosylated AFP N-glveans from Huh7 cells and
normial cord blood were 98 and 18 %, respectively.
Conclusions This MALDI-MS-based  glycomics
technology has wide applications in many clinical
and bioengineenng fields myguiring sensitive, quanii-
tative and Fast N-glyveosvlation validation.

Kevwords | Abnormal glvcosylation « Chemical
dervatization « MALDI-MS - N-Glycan -
Glveosylation - Quantitative analvss - UPLC

Introduction

Protein glyveosylation 1s highly susceptible 1o the
biological and physiological conditions of the
organism including the presence of varous cancers
(Kobata 1992). The altered glycosylation pattern of
the proteins is therefore a hallmark for a cellular
pathology. However, the sensitive characterization
of disease or disorder-associated glycans is chal-
lenging due to the structural complexity of glycans
(Durand and Seta 20040).

LC-MS/MS-based glveomics has been one of the
miw it powerful wols for the stroctural characterizaton
of glycans, For the unlarpeted glveomics to identify
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the early diagnos s of hepatocellular carcinoma (HOC)
(Aoyapi et al. 1988). Therefore, a sensitive and
reliable quantitastion method would be saluable w0
monitor the core-fucosylation levels in the HOC. In
here, we used the MALDIQTaG method 1o anal vee
the N-glvcans of AFPs punfied from normal cord
blood and HOC cell line (Huh7 cells). The AFP from
normal human cond bleod could be a control sampl e
for monmitoring the changes of core-fucosviation of
AFPs in HCC condition.

Figure 4 shows MALDI-MS profiles of the N-
glycans of AFPs (150 pg from Huh? cells and of
vommercial products). The relative peak area pércent-
age of each core-fucosylated N-glvean of AFPs
originated from Huh7 cells was disunetly higher than
one from nommal cord blood m Suppleméntary
Tahle 1. As shown in Fig. 4, the total percentage of
vore-fucos ylated AFP N-glvcans from Huh7 cells and
normal cord blood was 98 amd 17.8 %, respectively.
The most abundant core-fucosylated AFF N-glycan
siruciure from Huh? cells was the sialylated bi-
antemnary  structure with a core fucosylation (m/f
& =2615, 7.7 %). Thus, our method may be appli-
cable w relatively gquantify the total N-glyeans from

€] Springer

di ferent cells or tssues for chnical or bopharmaceu-

tical enginesring applications,

Conclusion

W have miroduced a mobust md puri fication-frse method
based on MALDI-MS that enables the gquantitstive
analysis of trgeed glyoome. As a proof-oFoomeept, the
rehiuhility and reproducibility of the proposed method
wiene sucosssfully demonstmted by analvas of modsl
glyooprotzing (hovine fetuin, human [gGl complex
glyooprotein mixtures (nomnal human serum) md cellular
products (a-fetopmieins onginating fom Huh? cals).
Tuken together, MALDI-QTaG mathod is valuable for
mbusl, semsitive, high-throughpot and quantitative anal-
sty o V-2 veams and will open new venues inclinical and
biopharmacentical testing md evaluation with advanaesd
technologies such as liguid handling mobatics to develop
un automated high-thmughpot glveomics system.
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Aliphatic diamines have been used as chemical reagents for the monomers of palyamides (Le. Nylon
46, Nylon 510, Mylon 66, Nylon 610 and so on), and can be made from lysine, arginine or crithine by
the metabolism of microbes through decarboxylases. However, the conventional derivatization meth-
outs for the HPLC-hased quantitative analysis of aliphatic diamines exhibit poor sensitivity and efficiency
for the monitoring of emzyme activity. In this study, 3 chem:ical derivatization method wsing diethyl
ethoxymethylenemalonate (DEEMM) was applied to monitor lysine decarboxylase activity for the pro-
duction of cadaverine by measuring the levels of intracellular and secreted Iysine and cadaverine. The

- calibration graphs for the determination of Z4-diaminobatyrate, 2,6-diaminopimelic acid, ormithine,
g:ﬁ::;:mﬂmemmhm" argimine, I;rini.p 1,3-diaminopropane, putrescine dihyd.n:-chgid.e. cadaverine, l'Ele'xammh)'Ienediarmne,
Cadlevarine and 1, 7-diaminoheptane were measured by the highly sensitive method using DEEMM, and a linear rela-
Corymebacterium glutaminem tionship was observed for 2ach dimaine compound, with limits of detection up to 0.001 mM. Application
of this method will be useful for the sensitive monitoring of lysine decarboxylase reactions through
the detection of substrates containing amine groups and products with diamines using HPLC and a v
detector.

Keywards:
Highly sensitive meathod

© 2015 Elsevier BV Al rights reserved.

1. Introduction

Aliphatic diamines such as 13-diaminopropane (C33 1.4-
diamine {putrescine} (C4)}, 1.5-diamine {cadaverine} {C5), hexam-
ethylenediamine (06} and heptamethylenediamine {7 ) are widely
used as chemical reagents in the preparation of polyamides, poly-
imides and polyureas [1], with an additional use as chelating
agents for analytical purposes [2]. They are made by petroleum-
based methods, and have been found to have high potential
for the production of polyamide, which can be made by reac-
tion of aliphatic diamines and dicarboxylic acid [3]. However, the

# Coerespording authorat: Department of Biclogical Engineenng, College of Engi-
me==ring, Konkuk University, S=oul 143-701, R=public ofKor=a Tel - +B2 44 BEEG04 1;
faxc: +H2 2 3437 8360,

b Corresponding author. Fax: <82 44 BGB G041
E-man addrecees: ssokon@konk ok ac ke {¥-H. Yangl,
pkmZ5 10 hongikac ke (K Park)

hittp:f fdwdoiorg! TO.101H jmolcath 70 15.01.018
IER1-117770 2015 Elsevier BV, All righs reserved.

petrochemical route suffers from the drawbacks of limited supply
and rising price of fossil fuels, as well as low eco-efficiency [4]. As
an alternative, aliphatic diamines can also be made by enzymatic
methods or by whole cells through the use of decarboxylases of
arnithine, lysine, and arginine. Among these chemicals, cadaver-
ine, produced by lysine decarboxylase with lysine as a substrate,
is well known in the drug industry [7]. It is particularly rele-
vant in the production of bic-pofyamides derived from remewahle
feedstock, as a replacement for conventional polyamides derived
from petrochemicals [8]. The existence of hysine decarbouylases
in anaerobic bacteria and eukaryotes has been well-reported [9],
and there are several different types and, for example, CadA is
expressed in low pH environments, while LdcC is constitutively
expressed in metabolic pathways to protect cells from the drop of
PH[5.6L

To detect decarboxylase activities, pH indicators | 10], enzyme
coupling [11], and HPLC methods are commonly used [12,13].
Among them, HPLC generally gives the best results with repeatable
and stable data, although it requires derivatization of the analytes
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Table 1

¥ H. Kim et al { Journal of Molecwler Catalysis B: Erzymatic 115(2015) 151-158

Redention times and detection limits for determining diamine concentrations through reversed-phase HELC,

Diamines OP& DEEMM Relative intensity to OFA (Fold)
Retention time (min} De=tection Kmit (mMF Retention time {min) Detecticn limit fmMW}
1,3 Deamenopropans 280 ~0.1 o =0001 266
I.4-Dizminobutane 25 =01 Mo =001 151
1. 5-Diaminopentans 340 =L HE =001 154
1,6-DEaminohexane 390 =01 3l *0001 152
1.7-Deaminoheptans 414 =001 332 =001 196
# Detection limit (DL} concentration at which the analytic peak above the peak area of 2mY can be detecied.
3 maonitoring of decarboxylase reactions for the production of various
2 polyamide monomers.
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Appendix A. Supplementary data
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Supplementary data associated with this article can be found,
" : : : . ; ; d ; in the online wversion, at http://dx.doiorg 10.1016(j.molcath.
L] 5 10 15 ] 25 0 35 40 2015.01.018.
Time {mim}

Fig. 5. HPLC profiles of diamines derivatized by DEEMM: | - diaminopropane, 2 -
diaminobutane, 3 - diaminopemiane, 4 - diaminchexane, ::;u‘l_S - diaminoheptane.

one of the most well-known derivatiz ation molecules foraming
acids (28] When comparing DEEMM with OPA for the derivati-
zation of diamines 1,3-diaminopropane, 1,4-diaminobutane, 1,5
diaminopentane, [G-diaminchexane, and 7-diamincheptane,
DEEMM showed at least 10-fold higher sensitivity than OPA with
the use of very small amounts of samples, resulting in very low
limits of detection (Table 1). Depending on the molecubes, DEEMM
had a detection limit of about 0.001 mM while OPA required
0.1-0.01 mM for detection, which suggests that DEEMM is a more
effective molecule for the detection of diamines (Table 1 and Fig. 5).
Correlation coefficients showed linear correlation from 0L001 to
1 mM of diamines with small standard dewviation, suggesting that
DEEMM derivatization can be wsed for the stable quantification
of diamines [Supplementary Table 4). Derivatiz ation with DEEMM
is known to require a reaction time of up to 2h [29]. How-
ever, when the reaction time of 5min was compared to that of
2h, the Smin reaction produced 70X of the sensitivity of that
shown by the 2 h reaction for derivatiz ation with DEEMM (data not
shown).

4. Conclusions

Highly sensitive derivatization methods were applied to moni-
tor diamines and their substrates with an HPLC-UV detector using
diethyl ethoxymethlenemalonate, through which the enzymatic
reactions of lysine decarbowylases were monitored by measuring
the intracellular and secreted lysine and cadaverine produced by
E. coli and C. mlutamicum strains. This will be a very useful method
for the detection of industrially crucial diamines, and for the
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Abstract  Conventional solvent-hased methods are still
the most practical approaches for recovery of pol yhydrosoy-
alkanoate (PHA) polyvmer Som cellular biomass, even
though potential altsrnatives exist, induding chemical,
mechanical, and enrvmatic methods. It s still necessary,
however, to avoid dangerows and envivonmentally un-
friendly solvents (e g, chlomform and dichlomomethans | in
the polvmer recovery process. In the work presented here,
we applied vanous solvent systems o recover PHA from
Ralstonia ergropha and recombinant Excfertiofiia cofi cells.
It was demonstrated that methyl ethyl ketone (MEE) is a
promising solvent fior PHA recovery fom bacterial cells,
particulady  for the copolymer polvihydrosovbutvmte-co-
hydroscnalemte ) [FHB-co-HVY], exhibiting = 904 polymer
reqovery. Even though MEK did not solubilize PHAS to
the same extent as chlorofomm, it can recover a comparable

“tung-Hun g keg-Min koo, DaHye Y1, hog-Ho Kim, Hyung-Mn Seo
Dreuariment of Biokogcal Engmesrmg, College of Engineering, Koskouk
Limversity, Seoul 143- M1, Konsa

Chabyun Rha
Bikrresterials Science and Engneering Laborsiory, Masacdhsets lntue
of Technokay, 77 Masachwtt: Avenue, Cambridee, MA (2139, LISA

Amnthoary 1. Sirskey, Chrstopher 1. Brgham
Dejurimen of Biology, Mosschwets Indiwe of Tecdnology, 77
Meachuetls Aveme, Cambridoe, MA 02139, LISA

Anthoary 1. Sirekey
Enginesrng Sydens [Nvidon, Mausachuets Indilule of Technology, 77
Msachuetls Aveme, Cambridoes, MA 02139, LISA

Christopher ), Brigham”

Dhepuarimend of Bioengneering, University of Masadwets Dertmouth,
28501 o Wesdpant Foid, Morth Destimoadh, MA 02747, 154

Tl +1-508-990.01 8% Fac +1-508990-91 39

Eamail : ¢l gham@rssed edu

amount of polymer bemuse of its processing sivantages,
such as the low viscosity of the MEK/PHA solution, and
the lower density of MEK as compared to cellutar compo-
nents. MEE was found tobe the best alternative, non-hale-
egenated solvent among examined candidates for recovery
of PHB-co-HV) from cells. The MEEK treatment of PHA-
containing cells further allowed us to eliminate several
costly and lenpthy steps in the extraction process, such as
cell lvsis, centrifugation, and filtmtion.

Kevwords: pobyhvdnoovalkanoate, recovery, solvent ex-
rction,, poby(hydroscyvbutyrate-co-hvdrosovalemte ), methyl-
ethviketone

1. Introduction

Naturally occuming  polvesters,  polvindrosvalkanoates
{(PHAS), have been stdied for several decades. Their
inportance has been emphasized as an altemative for
petroleumn-based plastics by virtue of ther physicochemical
properties and biodegradability [1 2] PHAs exhibit superior
biocompatibility and have been wsed o develop materials
fior medical applications including sufures, artificial organ
construction scaffolds, and thempeutic composites [3]. For
most bacteria, including the model orgnism of PHA
hosynthesis, Ralgoma ewdropha, polymer produdion 15
induced when carbon is plentiful and nutrients sudh as
nitrogen, sulfiur, oxyoen, or phosphate are in short supply
[£]. However, biosynthesis of pobymer has alse been shown
o oo conoomitantly with growth in certain crganisms
[5]. As storage matenals for excess carbon and reducmg
potential, PHAS can comprse over 80% of the cell’s dry
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time, temperature and ratio of cell dry weight to volume of
MEK wsed Using MEK (10 mg cells’ 1 mL MEK), the
solubility of F{HB-ao-10 wis HV) incrsased with increas-
ing temperatrs. When MEK was applied to cells contain-
ing PHB-co-10 wi%a HV), recovery at 25°C was only 30%;
of the amount recovered at 60°C (Fiz 34).

To find an optimal PHA ssolvent ratio, different ratios of
dry cell weight () 1o MEK (ml) were examined At a
ration of 1:50 (0.3 g dry cells: 15 mL of MEK o 2 wiv¥a),
a meeovery vield of 507% and a vield of 305% were
observed The meovery yield is defined as the mass
parcentage of polymer recoverad fom the cells (mass PHA
recovensd/mass PHA present in cells), while the vizld is
the mass percentage of total biomass that is mecoverad as
PHA (mass PHA recovered/mitial (dry cell mass) With
1.5 wivia and 2.0 wivio PHA solutions, a recovery vield of
938 + 0.6% with purity of 91.4 £ 0.3% and a yield of
565+ 0.4%, mespectively, were seen (Fig 3B) using 0.3 g
dried cells. In this work, the optimal resction time to
extract P(HB-ao-10 with HV) polymer from cells was
shown to be 60 min at 60°C (Fig 3C).

4. Conclusion

Applying an MEK solvent system o polymer-containing
cells was found fo be the best alternative solvent tested for
recivery of P(HB-co-HV), and demnstrated promise in
recovering other polvmers examined in this study (PHE-
co-HHx) and PEHEB). Although MEK exhibited lower
sofubility towards PHAs than chloroform, it deliversd
comparable mecovery vield with chloroform due to its
processing advantares, such as low viscosity amd easy
sepamation by sedimentation. MEK-based recoverny allowed
for petential elimination of several costly and lengthy steps
in the extraction process, such as czll lysis and Gliration
As a result, MEE-based extraction represents a simplified
PHA extmction process, potentially reducing  capital,
operational, and material costs. This is especially true if
solvent recvaling is emploved in a recovery process, althoush
care st be emploved in the selection of a precipitant, in
order to ensure recovery of usshle solvent in the absence of
a sobvent'precipitant azeotrope. Furthemmone, MEK-based
extractions have the potential o significantly reduce cwele
times, greatly improsang the overall environmental safsty
of the polvimer extraction.
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Exopolysaccharide from psychrotrophic Arctic
glacier soil bacterium Flavobacterium sp. ASB 3-3
and its potential applicationst

Ganesan Sathiyanarayanan,® Da-Hye Yi® Shashi Kant Bhatia,” Jung-Ho Kim,?
Hyung Min Seo,” Yun-Gon Kim,® Sung-Hee Park,” Daham Jeong,™ Seunho Jung,™
Ji-Young Jung,’ Yoo Kyung Lee! and Yung-Hun Yang*™

A novel exopolysacchanae (E P producing pesychrotropnic bactenum Flavobadenum sp. ASH 3-3 was
molated from Arctic glacier sofd and identified. The optinum fermentation conditions for EPS production
were an initial medium pH of 7.2 and an initis inoculum size of 5% (w'v). The maxdmum yield of EPS (725
+ 026 g ™" was abtained after cultivation at 25 °C for 120 h with glycenol as the sole carbon sourcs.
The EPS was purified and its structual charaderistics were analyzed by 'H and T NMR. The
predarninant repeating units of this EPS are (o f] o-glucose and o-galactose and it is different from the
structure of EPS: produced by other Arctic and Antarctic bactesia, which have mannose units In
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additbon, EPS has demonstrated a comparable emulsibang property than D% and flocculating properties

with kaclinite, suggesting thew potentid applications in vanous industies. The EPS ako significantly

DO 103035/ cSral 4575
WS OngY advanc es.

1. Introeduction

The increased demand of natral polysaecharides for industrial
applications has led to increased consideration of bacterial
exnpolysaccharides (EPFSs). The bacterial EFSs.are long-chain
branched hetero  or/homo-polysaccharides. mwrkmg
repeated units of the monosaccharde moieties which are
synthesized and seereted by bacteria when in the presence of an
excess of the carbon source in the growth medium or under
stressful environments.™ Due to their physical and chemical
properties, the bacterial EPSs are widely used in the different
industrial sectors as hioflocculants, bioabsorbants, stabilizers,
emulsifiers, drug carriers, ion exchange resins and thickening
agents.™ The EFSs are also used in medical ficlds as anti-

“Department of Fiobgical Fagineamyg Colkye of Bagneering, Konkuk Untrersicy
Seoul 143-701, South Korea E-mail ssolonirlonkukacks Fax: +83.3-34 378360
Tel +22-2- 4503935

sChamical Fagneermg, Soongsd Dntrersity, 511 Sangdo-dong Seoul 15574 3, Sodh
Kiorea

“Food Inpedicnrs Cove, Foods RED, Challedag Gurodong Guro-Gu, Seoul 152-
054, Sourh Korea
“‘Dep w of B
Sourh FKarea
“Mirobial Carbobydrate Rescurce Bank, Kakuk Unbersiy, Seowl 143-704, Soauh
Forea

‘Korea Folar Research msiose, 25 Songlomiras-ro, Yemargy, 21990, Sourh Rorea
+ Hectronde  supplementary  information  (ESI]  asmilable.  Ses DO
101039 Sral497Ba

and B Fonkuk Daiversig Seoul 143700,

B4402 | RSC Ade 2005, 5, B44SR-BARNG

wnpraved the tolerance of Aavobacterium sp. and Eschenichia coll from freeze—thaw cycles, suggesting
that it rught be used to survive in polar regonsand it can have possitle usage as Mmoo cryprotectants.

tumor, antivirsl and ant-inflammatory agents.** At present,
there has been an increasing interest in search of novel EPSs
and few of them amr being currently marketed as commercial
peoducts, and include xanthan, alginates, cellulose, pullulan,
grilan, hyaluronic acid and succinoglvean from  different
bacterial swaing,

Emulsifiers and fioceulants have been used extensivdy in
almost every industrial sector of modern industry today.*™ A
large fraction of emulsifiers and flocculants are produced by
chemical synthesis and this raises concern over their potental
toxicological effects to the natuml environment. Because of the
limitations of these chemical emulsifiers and flocculants,
biopalymers produced by various microorganisms are being
investigated as alternative emulsifiers and flocculants, ***
Biopolymers are bindegradable and their intermediates and by-
products are harmless towards human beings and the envi-
ranment, In additdon, microbial derived polymers can exhibit
enhanced performance and greater functional diversity than
synthetic polymers*** It has been reported that many bacteria
are able to produce EPS based emulsifiing and flocculating
agents for enhanced oil reeovery/or hydrocarbon degradation
and waste-water ireatment, - respectively, ****** Henee, high
molecular weight EPSs with emulsifiing and flocculating
properties are of particular interest for various biotechnological
and industrial sectors.

The production of EPS is an exclusive metabolic process as
different polysaccharides with unique funetional properties can
be produced from different strains of the same species.™ Due to
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Murmiser of CFL of ASH -3 0= 107 mi ¥
¥ 2 2 8 B 28

B

Heomber of CFU of E. ol | 10° mi =]

Mumber of freee-Chaw opdes

Ry & Croprotective actiaty of the EPS onAnctc Flavobadenlinm sp.
strain ASH 3-3 [A) and E. coll DHS= (8] aftér 0, 2.4, 6 and 8% freeze—
thaw gycles {74 °C)L The values shown are means £+ S0 from three
axpenmental repbcates. Maraon hars, sbsence of EPS: Boht green bars,
50 mgmL™ EPS; purple bars, 10 mg rl~" EPS. dark cyan bars, 20mg
L™t EPS; light arange bars, 30 mg miL™" EPS; navy Hioe bars, 50 myg
mL~ EPS.

after recurrent freeze-thaw cycles, the number of surviving cells
of both strain ASE 3-3 and E. coli DH52 was reduced with an
increase in the number of freeze-thaw cycles in the presencelor
ahsenee of the purified EFS. In the presence of 50 mg mL—
purified EFS, the number of surviving cells of sirain ASE 3-3was
reduced from 38.33 £ 205 02733 £2.05, 2233 £ 286 and 17
4+ 216 CAU = 107° mL™" after 4™, 6™ and &8 freeze-thaw
cycles, respectively, and that of E ceff DH5x was reduced from
19.33 £ 2.86 to 1766 £ 1.69, 14.33 £ 2.05 and 8.33 £ L.24 CFU
» W™* mL™, respectively. The ecological roles of EPSs from
bacteria are linked to their ecological niches and their natural
emvimnment from which they have been isolated. " Freeze-thaw
cyeles are rather common in the polar regions of the Arctie and
Antarctic environment and there are very few reports are avail-
able in the aspect of eryoprotectve effect of EFS isolated from
polar bacteria, ** There has been no reporton the eryvopmtective
actvity of EFSs from Arctic soil bacteria, Our resultshowed that
the EFS produced by the Arctic sea strain ASE 1-3 significantly

This, paanel 58 The Rowal Socieyy of Chammny 2015
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improved the survival of the strain during recurring freeze-thaw
cvcles, which suggests that the EPS produced by strain ASE 3-3
would be beneficial for the strain to adapt to the freeze-thaw
polar environment. In additon, the EPS also promotes the
survival rate of E. coli, which suggests that, this EPS might have
bictechnological potential as a crynpmtective agent

4. Conclusions

This work describes a novel EPS produced from a psychro-
trophic Aretic soil bacterium Flawbacterium sp. ASE 3-1 groun
on glyeerol. The produced EPS polymer is a highly complex
l'u:'tempol}mmhari.dc composed of repeating units of glucose
and galbctose The strain ASE 3-3 produces a high quantity of
EPFS and the EPS showed an excellent emulsifying and floceu-
lating actvity, suggesting its potental industrial udlity in
enhanced oil recovery or bioremediation of hydrocarbons and
waste water treatment This EPS also exhibits a significant
cryoprotective effect on both Flavebacterium sp. ASE 3-1 and E.
coli DH5x, and it can be used as a microbial cryoprotective

agent
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Table 2 The rafio of mieio- and ixo- form Bty acids prodoced by Bacillue pumilue PAMC 23174 0 sch mediom

Mediz Gowh Percentage of totdl Sty acid (%) Antsinalla
i cptrn L L PR Ameisa 154 Cl1ED Cy-Cl&d  CI%:I g

TSE (Lex) 0 5104123 474204 04£0E 2BE0QN 21 003 085

TS (T 0 3634100 S53L 105 024000 S2LQM 31 Lo0? 15

TS (Val) 20 4254141 5444269 - i+ 06 - 12

TSB (Lew, T=, V) 0 4794720 £61415] 084010 S2L0M - 024

TSB (Len), cald shack " 5344211 614100 044005 Q11001 01 L0l 08

TSE (Tkeh, cald shack 30 374145 616+356 05+0M Q200 - 213

TSE (Val), cold dhock 0 38314077 6124157 034005 Q1100 024001 1.0

TSB (Len, I=, V), mid shack 30 IG6L0S 6194237 0§L003 QTLOM 02 Lool 149

bacterial responses acoording tocold shock. When the cells
wene treated by cold shock, the anteisofiso mtio was
increased in all samples except keucine-added sample and
also e medium with only leucine exhibits anteisofiso mtio
ahout (.86 after the cold shock meatment. This might be
due to leucine being as a precursor for iso-fom fatty acid
synthesis with 153 and 17 carbons. In previous neponts,
anteiso-fomn fatty acids were increased in onder to with-
stand at low temperatures, but the change in the ratio was
relatively trivial when compared to other bacterial strains.
The overall nutritional effect especially leucine addifon
seemed to be superior to the effect of temperature by cold
ahwck.

Conclusions

In thiz stdy, we investigated that, how bacteria can live
and change their metabolic activities in polar environment
at different temperatures. The polar bacterium B pumiils
exhibits a unique and zimple lipid patiem when compared
to oither polar and non-polar strains and its iso-15:0 syn-
theses was sensitively changed in response to varying
environmental conditions which further affects the balance
of anteiso- and izo-form fatty acids. The synthesis of
simple patem of total faty acids in B. pumilis iz unclear
and this strain could be useful to study about the changes of
fatty acid synthesi in polar bacteria due to the different
environmental conditions and nuiritonal  fuctuations.
Further, this study also provides evidence for the adapta-
tion of bacteria in an extreme condition and the ir me@bolic
Tear Tange ments.
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Metal removal and reduction potential of an
exopolysaccharide produced by Arctic
psychrotrophic bacterium Pseudomonas sp. PAMC
286207

Ganesan Sathivanarayanan,” Shashi Kant Bhatia,® Hyun Joong Kim,? Jung-Ho Kim,?
Jong-Min Jeon.® Yun-Gon Kim.” Sung-Hee Park.” Sang Hyun Lee.” Yoo Kyung Lee”
and Yung-Hun Yang*™®

An exopaolysacchands [EPS) was produced from paychrotrophic Arcic glacier fore-frield ol bacterium
Eraudomaonas sp. PAMC 28620 usng glycenol ennched medium and the masimum productiity 724 &
0.31 g L of EPS was obtained after 168 h of fermentation. The EPS was purified and analysed by HPLC,
GC-MS, FT-IR, *H and “C NMR. The EPS obtained from Arctic strain PAMC 28620 exhibits a distinctive
structural compasition and the constituent sugar monomers are rhamnose, galactose, glucase, fucoss,
mannose and nbose. The punfied EPS has shown excelient fiocoulating and emulsification capadtes
with promizing biotechnological and ecological implications. From the metal removal expeniments the
EPS exhibited remarkable metal adsorption [99%) potential adopting the order Fe™ > Cu'™ » Mg™ =
It » Mt > Ca®t FE-SEM combined with EDX anahsis has shown that the metal ons were
complexed ar immabilized anta the EPS matrix and further reduced to nanoparticles (150950 nm). This
study ks significant.in temns-of reetal rervovalandaeduction potentlal of Arctic bactensl EPS and the

WS ong/advances

1. Introduction

Extremophilic bacteria are life forms that thrive in extreme
canditions of temperature, pH, ionic concentration {saltisugar),
pressure and ionizing radistion. In particular, most of the
bacteria that exist in polar environments pmduce cxopaly-
saecharides (EPSs) as cryoprotectants o survive in extoreme oold
weather condition and these bacteria have developed delicate
mechanisms that allow them to deal with various kinds of
emwimnmental stresses.'® The structural features of some
‘bacterial EPSs from the Arctic and Antarctic environments have
been previously studied,'” however, there have been very fow
reports on their ecological and bintechnolngical implications *#
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Ssoul 142701, South Keorea E-mail seolorilonkuk ac by o +82-2-3437-8360;
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possble ecological rdles of the EPS in Arctic envinan ment.

Bacterial and algal EPSs are believed to be essential for the
aggregate development, adhesion to surfaces, biofilm forma-
tiongand nutrient uptake (organic or inorganic) in the Arctic/
Anfarctic emimnment*4 At present, bacteria from polar

Tegions are being recognized as a rich source of various bio-

logical macromaolecules that are of special interest towards
various biotechnological applications.™ However, there are
very few reports on the EPSs from Arctic glacier fore-field soil
bacteria and the stucture, ecological and biotechnological
implications of these EPSs are yet to be identified.

The field of bacterial EPSs is wellestablished for vears and
EFSs are well known for numerous viable applications in
various indusiries like pharmaceuticals, food, cosmetics, oil
recovery, paper industry, and also in bioremediation.*** Also,
there has been a growing interest for the exploration of unigue
EFSs and some of them are now being sold in madket such as
bacterial alginates, gellan, pullulan, xanthan, welan, dedran
levan ete.*** EPS-based polymers are completely biodegradable
and their catabolic intermediates are environmentally benign in
nature. ithasalso been reported that most of the bacterial EPSs
could act as floceulating, emulsifying, and metal removal {bio-
sorbents) agents in wastewater treatment, hydrocarbon degra-
dation, and heavy metal bioremediation, respectively.”*** The
process of metal bioremediation must be simple, reasonably
inexpensive, and eeofriendly in nature.” Due o the economic
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gellan,®  levan,®™  succinoglyan®™ and other  structurally
unknown EPS® have been used to synthesize various metallic
nanoparticles. To our knowledge, there is no report on the
metal reduetion led by Arctic/Antarctic bacterial EISs
Although, the precise mechanism of reduction and stabilizaton
of metal nanoparticles by EFS still remain to be elucidated The
behavior of race metal nanoparticles in polar envimnment is
needed to be explored and these nanomaterials may play a vital
role in the fundamental processes at the water-mineral-cell
interface in Arctic glacier environment.

4, Conclusions

The EPS purified from Arctic strain Peewdomonas sp. PAMC
28620 exhibits a distinetive and novel structuml compositdon
with rare sugars. In additon, the purificd EPS had shown
a significant emulsification and flocculating properties sug-
gesting its ecological roles in the polar environments. For the
first ime, the metal complexation and reducing nature of EPS
purified from Arctic bacterium |Fsewdomonags sp. PAMC Z8620)
were analyzed. The EFS has exhibited a great capacity to bind
with range of metal cations due to polyanionie nature and its
metal removal potential is highly eommendable. The metal ions
were almost completely removed from the aqueous soluton
and this EPS can be used to develop an effective biosorbent for
the heavy metal removal from aqueous solutions. During the
metal absorption, the metal catdons were reduced © nano-
particles {150-950 nm) and immobilized onto the EFS matrix.
The significant effect of EPS in the metal reducton {25 nano-
particles) suggests that bacterial EPS could have an important
rale in biogeochemieal eveling of trace metals in the Arctie
envimnment.
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