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1. Starch based polyhydroxybutyrate production in engineered Escherichia coli.
Bhatia SK, Shim YH, Jeon JM, Brigham CJ, Kim YH, Kim HJ, Seo HM, Lee
JH, Kim JH, Yi DH, Lee YK, Yang YH. Bioprocess Biosyst Eng. 2015, 38:
1479-1484. (IF: 1.8)

2. Lipase-Catalyzed Production of 6-O-cinnamoyl-sorbitol from D-sorbitol and
Cinnamic Acid Esters. Kim JH, Bhatia SK, Yoo D, Seo HM, Yi DH, Kim HJ,
Lee JH, Choi KY, Kim KJ, Lee YK, Yang YH. Appl Biochem Biotechnol. 2015,
76:244-52. (IF: 1.7)

3. Increased wvulnerability to physical stress by inactivation of NdgR in
Streptomyces coelicolor. Lee BR, Yi DH, Song E, Bhatia SK, Lee JH, Kim YG,
Park SH, Lee YK, Kim BG, Yang YH. Appl Biochem Biotechnol. 2015
175:3673-82 (IF: 1.7)

4. Application of diethyl ethoxymethylenemalonate (DEEMM) derivatization for
monitoring of lysine decarboxylase activity, Kim YH, Kim H]J, Shin JH, Bhatia
SK, Seo HM, Kim YG, Lee YK, Yang YH, Park K, Journal of Molecular
Catalysis B: Enzymatic 2015, 115: 151 - 154 (IF: 2.7)

5. A MALDI MS bhased quantitative targeted glycomics (MALDI QTaG) for
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total N-glycan analysis, Kim KG, Kim YW, Hwang CH, Park HG, Jeong JH,
Choi KY, Yang YH, Koo M, Kim YG, Biotechnology letters 2015, Accepted (IF:
1.7)

6. Application of a Non-halogenated Solvent, Methyl Ethyl Ketone (MEK) for
Recovery of Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [P(HB- co-HV)]
from Bacterial Cells. Yang YH, Jeon JM, Yi DH, Kim JH, Seo HM, Rha C,
Sinskey A]J, Brigham CJ. Biotechnology and Bioprocess Engineering 2015, 20:
291-297 (IF: 1.2)

7. Production and structural characterization of a novel exopolysaccharide from
psychrotrophic arctic glacier soil bacterium Flavobacterium sp. ASB  3-3.
Sathiyannarayanan (G, Yi DH, Bhatia SK, Kim JH, Seo HM, Kim YG, Park SH,
Jeong D, Jung S, Jung JY, Lee YK, Yang YH, RSC advances 2015, accepted.
(IF: 3.84)
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fungal fruit bodies over 21 years in a Swiss forest plot. Mycoll Res 105:515 - 523.;Torsvik V, Ovreas L,

and Thingstad TF. 2002. Prokaryotic diversity - Magnitude, dynamics, and controlling factors. Science 296,

Mycol Res 105:1422 - 2;Straatsma G, Ayer I, Egli S. 2001. Species richness, abundance, and phenology of
1064 - 1066.
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4) Manzoni S, Porpotato A. 2007. A theoretical analysis of nonlinearities and feedbacks in soil carbon and
Paul

-
2) sy, A3, 2012. ST HF

1) ", o|HE,
3) w1,

5)



@ Becillus subtilua (SEHNEE EdF TEY
@ Azotobacter sp, (EEH )
& Phototrophic bacteria (Redoepessudomonas 5p.)
@ Streptomyces sp, (HRA A
@ Peoudomongs maltophiiis (22 EE 08 2)
2 Pasudamonas putide

a4 1. ES Ul vAE TR drld ARIS

6) http://www.obtkorea.com

,13,



=9t nj4E
= g

DNA7|gt

B

Y2k 71uE

=4H

NGS, DGGE

=]

Z| 2 Hi K™ MIDI, PLFA

a9 2. B W vAde 2 24 s

,14,



AR FA, e Hrbske WR o= DNA Ziwkel WHE vk V)
=, dxA of AR&EIL glow Twde zol®R v
o] EAetr oy, g AA f9 Al 7EA el &&E ). DNA

W 0 Z = Polymerase Chain Reaction (PCR) 7]%Fe] W =291 Next Generation

Sequencing (NGS), Denaturing gradient gel electrophoresis (DGGE) 5°] %3

om glovy olFF WL EdontH DNAS FEste] SAHT Ax {44

X~
3
o
o%
g
iyl

E7E Agsd BAsA A9, Ane ga ddd 54 #F fde =54
DNAE gdd + &= WRos =74 280 53] NGS¢ 22 HA 7+ F
Bol A £ ) o gl FEES @ Wl Fohd £ Ak V&R EFRY ol
b gl At AT SellxE A 2olan U skA R gk 4Fo] dHolHE Al
S3 QAT ok e kel nga FYF B4 A3, PCR FEOE A AP
&4k total viable biomassE A| &84 el Q= HFEANA Heto] Ao BE
o] 11;}'

7) Widmera F, Fliefibach A, LaczkoA E, Schulze-Aurichd J, Zeyer J.(2001) Assessing soil hiological

8)

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

Seguencas +
Quality values
Run quality

Secondary Data Analysis
Ref Seq + Aigned Rasds
Aligner i = i Gene lists Secondary Data
gh E : Read Density Production
. - D nove anssmbly =
Assembler — Variant list
-

b e Sampie, run quality

Tertiary Data Analysis
Ome of mone |
Data sets . y Diffarential expression
I ht 8 Methylation sites
i ———— Gene associalion
Configs + Annoltation - p— s
] ‘57 . Experimant, science

8 Copyrgt B0 Devacnra, v Al Fighis Flessrved " — EIL‘I'I.‘-[}'i/_{I

19 3. NGS data processing (Geospiza)?9)

9) http://lpm.hms.harvard.edu/palaver/sites/default/files/11_03_22_Dennis_Wall_2.pdf
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L

Function-driven analysis [ & Sequence-driven
analysis
]-Inl-um!u-gnu:
G pone sxprossion
Claned DNA preparation
Transeriplion .@" .
- el
e T U,
PHAYE ek %@.
Translation lbrary b d
GRSl
o 0 paciooatepeiag
: Agac golag
L e
,a-"'pp 1 1 '1!"11“ Genomic sequence analysis

A ES AA Y vAAEES 96 well gram negative plate (BiologTM)
of Xslo] &7]4, heterotrophic VA& 7G-S A A|eke] AW E Foto] St
714883 gaLEso digt ARE dof #He E5S 5 4 JvHD, gt VA S

10) Handelsman, 2004)

11) Garland JL. 1997. Analysis and interpretation of community-level physiological profiles in microbial ecology.
FEMS Microbiol Ecol 24:289-300.
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SHA-3k H vl A 7]49ke] Biologoll 9]3F 714 o] 849 Apol& K= B v EA] Aol=
Fr71E ARgel o5 ®istd EY vAERe] HF e AolE BT, ol g W
WL  Community Level Substrate Utilization (CLSU) << Community Level
Physiological Profiling (CLPP)# 1% &Y, 22 dolg 9 nAE +Ho wat 97351A
#H5T 7 JARE MABES] S B8R Sto], FA4S 8 wige]l ZE = A= AA
R e
o1H7 f:zt} Biolog W2 thg Aol 2= JAT 96 well plated] 2F 10009 7] <]
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E
A} *SM W A 5 e PEow & 2ol gtk wEe 9t @ @79
A AR A, Aag 2ge el AgHY G BE T 2N PHORE ¥

12) Gomez E, Ferreras L, Toresani S. 2006. Soil bacterial functional diversity as influenced by organic
amendment application. Bioresource Technology 97 @ 1484-1489.
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= ARl EAse] o] olele MAZANE FFR £ Qo] ngB
24 Brheted FE39. BF AR BAL APH, ALY BRe
Bl pRo EY

fatty acid: PLFA)S E%olA A H
DE)Z AA-Adzdd o=z 4= EYAES wjx o wgsd dart ¢l
koot B AFo]l A Thsel7

=3 u o
F4Q0 WHor FEH v o)E At TollA 54 Aate] 54 EY
WA Eare] A F7F E ¢ e, o] ARE ol&ste 74 vAw o AolE #
Ao AUS) E A s haEEAd s Ve e Aolg SUdow
##e F% h(Ludvigsen et al, 1997)16). o] g o2 7FA] W& T &
olg] 7HA WHe A 2&stol B Ule vAdE e Bo gdeiA w46
7] flake] &85 vt

]
1% 4 AWk (Phospholipid fatty acids)< Al ¥¢] membraneS TA3dlE F2
Ay AR 2 v AES] chemotaxonomic EA| QA= &5 o] nAE] A
of de Z&FH+ did FRpelth AXH ARARE H| 3 - o A" 25k E

i
o
4y ©

Qe v gEe T WHE

of dx dutd, 1 vAdw2 REA AHEH e VX a, 2 Axde s
g X APk 24 Hu, 2 A Ak v s TR0 g
A 2 AR AEAtE 24 2 W A=l T 2 de d5T F A
A He de7 A8 2 (Fig2)

ole]gt o] & AX A AA AL EF AHAE olF+ vAE F4d 2
diA e zhdeta, wEw, wizksla, B ehow AdAe] gl &
gh & o gk e o e AT 7 RS AAE deb & g glen,

o8 Tl THAH= A

AgAke] Bl 7]

o
2
=
N

A2 AL B hsAdel BA,

2
Me 23 5o FANES tu ehs. age)

e
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o

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. 1998. 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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Associated with PAH-Contaminated Riverbank Sediment. Microb Ecol 64:630 - 691

19) www.pubmed.com
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Soil l | Microbes \ Membranes
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i— Hydrophobic “tail”

I Fatty acids profiling ‘ | Phospholipids

a9 6. B nAEQ o] £33} phospholipid®] A|HHAF 4.

,22,



i
o,
'L
ofy
=2
‘0,

EgRopl A vhe FaF EF vigEe B

N AFE B AR o|FE MAE ¥

W, wzbela, maA] gor], AdAel ol

sele galel VAR Y 2oy 7
: A

B4 wergEAdl A o
o7

fole
o
a
Lo
>,

[

)
0, J
O
ta
rot
o,

s

)

ojr lo,
—
BN
S
it
=
A
2
=
e
r (

i

2 o]
= g glont Sequencmgﬁ*?”r NGS 'j“l‘ﬂ/\}g Hj =] ol ) AE

of HoatE9 A A dake= Al=®lo] = F 7] WrRol Hl& 78t
A=l A 71HE 4ﬂo}7loﬂ A7k o HFo] ol Iudde ofF

&

=9, 249, 6H**t”£oﬂ e Fg3

© EvA=Ee I &4
g ATE Ftel v A4

ek, 71, Al Ak, &, gt

,23,



A 3

3

171 9

S

she}

=
=

3}
4 E Aol daAdol A7

M

Aol mE

ol
=

A 7]

ol
<
o
7o
)
B

ok
—
fite)

mo

]

H

shof o2

S

= 3=
35

o] siteol]l Z1H

Eg® "
%_

[e]

=z
=

} o} PLFA marker

°

?SE

2~
T

KN
=

=~

71¥ 9] lipid marker
A

1l

= EY A5 lipid marker?]

[}

Q2

[}

A=)
=

°|

l

=

=

=3

]

Fea.
=0
W XA A AHPLEA) B

[¢)
1]
o

Al

=

gl zFH e = B Al Z(Midtre Lovénbreen)

BA L GCMS

2.
3

3o

—_
fife)

ol
i

7

—

B
.iﬁ

o

0

ofnl
_60

S, Amoieay

S

H

S

W} 5

0 EFORVEH 1001F o] ¥
,24,

3}8}7] 7]

J

A
ful

= o
dom, 5% o

A=)
=

3. Lipid marker



[BHT 884 TS o83 55 EFe2NVYH A F5]

B3 thabiel 7] %) Ny-Alesund ©) Midtre Lovénbreen 2 X8 12 79 ¢
G rAH(FH ] Date 2014-07-19730). A H O}E 93 Jdd A
ol B-2ro] Midtre Lovénbreen, Ny Alesund oA & 12 F+99 B9
Fow (20149 7€) oo 1H I o] Location no. 303 WaFo] ol
A ool .
Aol L= B 30 g& Hard RO " ofr]lo WErE 20 ml, F2
¥ & 10 ml, phosphate buffer 10 ml& A#l2 92 & "&F3 2783 vortexing
3k & 158 %59¢F sonicationS 3] lipidE solvent® ﬁ% Ak LA ZE
(1000 rpm, 3&)& Wsto] g yBom AT HE ol F A &7]o ®He
oh. e XAFE= HAHLS 363 HEEICh o]|F rotary evaporatort}t N,
evaporatorg AF&3slo] solventg < Y9l ¥, &9HE silicic acid 24 AEvED
g3 WS ©]-&3] Phospholipid(PLFA) &2 &, GC 415 g fF=Alsto] A
&sto] EASHA €k

o

N
o 4]

to it

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 ml methanol

3) Methanolysis
- FAME
— Mild methanolysis
4) Syringe filtering(PVDF)

BE AL FE8n AYARVELYNE of

,25,



a3 8. AMEF  Alo]ES A% (Midtre Lovénbreen, Ny—Alesund from
TopoSvalbard)
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Culturable or
Unculturable
strains

¥

Extraction of Lipid

. 4

Bacteria Fungi Protozoan

K ¥ ¥

& Phospholipid

B
[T

PLFA analysis

Interpretation
a9 10, AAES] o EAskE A A4S B9 ES U rAdE SHEE

g oS5 Bgel 2o

,28,



a9 11. €3 PLFA 4] 349 4
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[ A2 32& 93 silicic acid 2% ARvEady @ 248 93 54
3t W]

A& 1.1 cm glass column$ iron standol| clamp® & o= ©ehs] A A7
< FEHdE #ZHe 7Pg 2 FE7EA] "Eo] ¥2 F sea sandE A G E
=1}, Chloroform 5 ml glass pipeto. & FAIA#A A7 ¢torm FZgFo] 2-3
washing@t}. o] w & o}z 71E7} 71X & W7kA Fws S E
Z127F A7IH S27F wig e A A &0 FA4 v

Silicic acid(100-200 mesh)& 0.3 g =434 200 ml ¥]#H ¥ i chloroform
5ml o] ¥ ¥ glass columnell #+=t}. 181 chloroform® & packinge] Z 2
u) 7} 4] washing 3l =1 packing®] €43 2 w7}X] 208 A% 7| vhgl o},
Columno] FUA+ AL WAE7] 98t sea sandE 05 cmAEE silicic acid
Yol Yol & FH, chloroform©] sea sand H}ZE QIHE 71%] 2% & WBE o
SHEUEH

Lipid sample= 1 ml chloroforme] =¢JA columnel| i3 silicic acido] &%
binding A7l A= 1 & WX g

A HA gviel chloroform= 5 ml &8 5% neutral lipid7} £3&549, ¥ HA
21l acetones 5 ml EHF9 glycolipid7} £&FHt. 283 A HA
methanolS 5 ml £ FW o] Aol HAH o= &+ phospholipid’7} &&H o}
Phospholipid®] # 3 & test tubeoll HolA A#iA] AAF=7|2 SjE 5 S0

NEL=Y

o

(E o o

,30,



Sample Loading Chloroform Acetone Methanol

—
—— Loy
] L]
ECrAB Fraction 1  Fraction 2 Fraction 3

(Neutral Lipid) (Glycolipid) (Phospholipid)

a4 12, A4 ARvtEOR S 83 A HY £y 2=

,31,
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g v HAstE f=As Wl Mild Alkaline Methanolysis& ©] &3 %A
stetth, A3 e A4 FEF phospholipid7t B4 U E test tubeo] 1 ml
methanol/toluene(1:1, v/v)2 =<1t} 28] 1 ml9 0.2M-methanolic KOHE %
I 37 TolA 15837 ¥k-g-Al 71 h(Incubation). 2 ml hexane, 0.3 ml 1M-acetic
acid, 2 ml water® %3 vortexingsl®d o] &2 ¥d ). Hexane(upper)& < g

% 2 ml hexanes F7F8|A Y31 o ¥ ¢] extraction 3Tt AldX] A FF7]
Oﬂ 50 T ZHolA 20852 hexanes HF <9t}h. Test tubed & F=A3 A
PLFA®F A #t}.

,33,



[GC-MSE o] &3 PLFA &4]

-/

ol tfgk PLFA markerel] tjst AR E Fx3
ot o552 7+ 1288 U usE Aupakow
4 2

Be EEss o wubgel He An

A EAEoIt A AEHGT =
= 2 A

]
sful= A} A5 v

712 4#H 7 PLFA 4?21 xl WAE SEAIARE oF 80917 Ao, Balo] uhet

EAT #HA 200970¢] PLFA AR 3 240 Jlsdith B AFdgoAe

50971 ¢] PLFAE #4% 4 dslew, o 302709 mAdE7e] dduAs 2&

A FARES AT F AJ B4 L £ RS Hole GC-MS
oA

288 AR F4o] o F

= O

Nlﬂl -W

,34,



Separational Method Analytical Method

Al

% 14 PLFAYS w38h7] f19 v 3 w4 e BAk

,35,



=¥ 1. 54 mAE £38% YedE PLFA marker
Microbial group Specific PLFA markers PLFA group
Bacteria 14:0, 15:0, 17:0 Multiple groups
Gram(+) i14:0, i15:0, al15:0, i16:0, 117:0, a17:0, i18:0 Branched
Gram(-) cyl7:0, cy19:0, 16:1w7, 17:1w9, 18:1w7, 18:1w5 Cyclopropyl, mono
Fungi 18:2wb,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, 20:3wb, 20:4wb Polyunsaturated
Plants 18:1w9¢, 18:1wllc, 18:3w3, 20:5w3, 20:0, 21:0, 22:0, 23:0, 24:0, 25:0, 26:0 Long saturated, straight

,36,



ol  dAgtEe wmEw 2 vAE S YE TS PLFA marker£°o] &d F
2 20F ol markerE °o]&ste] nAE R EEXE o 53t} Unidentified
bacteria®] 7A-% X ZEEH 14:0, 15:0, 17:02] A WAto] 22o]H  gram(+)ire] 7%
i14:0, i15:0, al5:0, i16:0, i17:0, al7:0, Zglx {18:04H EtAALE EolARy A

H A = 5 W Ao WE|7F 9 ¥ branched FEle] A Wako] o] &®rh
Gram( el S cyl70, cyl9:09F L cyclo form® A WAaky 16:1, 17:1, 18:1
59 monounsaturated form® A|WAko]l EgtHEtE HESE Actinomycetest
10Mel6:0, 10Mel7:0, 10Mel8:0A4 = 10 X wWer]E 23l 10-methyl
branched form3} i17:15 marker®# ©]&83}lY Fungi I1&F< 182, 183 %9

polyunsaturated form< X 3t3tc},

g @ W AeaAn, MAT BEnae nARvY 285HE ANy ARs
Fgstol, BAE AP AW EAXFO] wek AR, PATF, AIE, 29
B, ABRU A Fow BRel vgE wd AT AR e 3

2oAdA &R YERd $ up0, Ak whgglel ad A iso-14:0, i15:0,
anteiso 150, i16:0, i17:0, al7:0, i18:0, 29 A& cyclo 17:0, cy19:0, 16:107,
17:109, 18107, AHAFE 18:2069cis, 18:306, 18:303, AT 10-Metyl-16:0,
10-Mel7:0, 10-Mel8:0, i17:1w7c, %18 FE-2- 16:0, 16:109¢c, 16:105¢, 18:109c, 18:1
w7c, 181w7trans, 20:1, 21:0 S° A FAWAE o] &t aHSAAMTY 1
g AT AakstES ga) At e YEbd £ o

9ol ofe] ool A RokSzo]l A ik EA AAE ARGl 4]

H mMAds e duddAs d4E 5 o, ®al AEXEE o
e}

rﬂ
Ry
o%
>
o
fru

F ul MAE LY FEE AET F A A" AAte TS 8%
viable biomass® % =4 A gddo] H& FAA w4 o] FiE
o E oy AR AHESIAAMT/IFFAAT(G/GH, EY 171=FE A
R2 FHo|/At (F/B) 222Efze AHE & F v dEEI/ES
Trans/Cis, Cyclo/Precursor, Anteiso/Iso 52| theFst XAl X3 E0] EA8y

olF 283 Edol ud 5ol 7hedtt (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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22|
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22|

Viable biomass %°¢] =5

W
A

A

PLFA

>1

~
;i

>1

Toxic

>1

Trans/Cis monoenoic

—_—

53

o]
A4r
Xo A
o

ol
0o ,u_.x MM

B o)

A, stress9} toxicity’/} &
o

ToF g ot,

> 1

cyl9:0/18:107c
cyl7:0/16:107¢

> 1 Cold stressel] ==5% L.

Anteiso/Iso

> 1
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Fraction 1 Fractlon 2 Fraction
(Mautrad Liphd)  (Giycofipld)  (Fhasphoilipid)
Brep Ereps i | -

Btep
Ebshis 1 : 'E'*ﬂ:'j___# EW;,___-‘ ) Ix ! ll

& 5 -
s "8 0oy =
i m =

=AR FEI 2ok E ofFE hpids] e e i T ol

%) 15, EFARZRE lpidi FEse] PLFAT GC-MSZ #43h 74,
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H]

=~

o

[GC-MS B4 =4 4 J|#A =R

Gas Chromatography 2 ©|-&3%F fatty acid ¥4 WS s oy, GC-MSE

o] &3}o] standard (FAME mix) Al&E #4383 standard A &olA 9] fatty acid
o] retention timeS &<l&ltt. o] Z ulg o2 Bligh & Dyer methodE ©]-&3}

FE3 Xuko] fatty acid®] profile® £43Ith GCo 4 xA 22 Clarus
680 GC EEg o]&3lo] 160 CelA 2 &7 % F 10 T/ min ¢ FEZ 300
Tz $2A17 & 2 23 w4892 He gass ol &4 e=3ste] 1.0 m/min &
T2 ZEFATh

Standard A3+ C4-C24 Even Carbon (Supelco, USA), FAME Mix C14-C22
(Supelco, USA), and NHI-D FAME Mix (Supelco, USA)E ©o|&3}% 3, Aa+
methanol@} H2SO,, choloform< #H7Fek & 100 CTollA 2A17F 30 &3F 714 2 o
zZ}sle] FAMES. & W33} 9] o},

& A5 FAME standard MZS ZHZF 10, 100, 1000 ppme F=HE=E
GC MSZ #2435l FAME®S] RT % ¥ internal standardol 3t area® #4712
s EEoEA AF 248 9 7IRke Z9atdn oo GC-MS A~ZEM|

o

o]e] NIST library searchE &3}l 42 FAME®S| RT #7X F7ksteo] F 46

Aol Awate] B4 JM5EEE QT L3 olE AWl F oMAE 7R
PLFA marker® 2:o]&= X Z =0 dste] old AF2RH AR2E 1 st}
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1ml of methanol
containing 15%(v/v) H2S04

1ml of chloroform

y
Heating
(100°C, 2.5hrs)

A4

Cooling

0.5ml of deionized water

Analysis

19 16. FAME (fatty acid methyl

esters) A ZE 93 BAT,

,41,



Azd A7+ w3 g 2 23

AEY dnd S5 EY ARERH APE FE39 HAH s A silicic acid
Ayl azuEgfuioz xz  Xik(Phospholipid-derived Fatty Acids,
EF ANRE F 1279oEYH A4EHsa, 2o
PLFAZ 7l23gvtEd Ast7] faiA e #edE $FHFE Alkaline
mild methanolysis WH o= HH~g =8 A2 § ZpaARviEIE Al
AAGC-MS)E o]-&3ato] Aiks A skt

Y5 ¥+ 5 2 (Internal standard)® Heneicosaenoic acid(21:0)Z o] &3}o] =]kt
z2adgds 44 2 AT BASATE olF et oy oY 9 2 AR o
53 Egony FA O PLFAS
AR, Tt L= EGS 7E A

SFA ¥V wWio] GC-MS® #4138

=
[k
o
i

oo

P99 A EFHE AR wo] FRaA @
F 9t PLFA 2 371 A8, E% A% A% 30 g olgo A4 F53
ofo} g}
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MR EM2YS00] EH(-80°C)

- i ’ L

4Date 2014-07-19~30
Ny—AIesund,,Midtre Lovénbreen
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PLFA priotle (AS-01) PLEA priokle (4S-02) FLEA priois (4208) PLFA prifle (AS-04)

'™
L - R
5 % I
£ ! 3 !
H £ & E oo
5 o H § o 2
i i i %
g o g I §
73 o1 [t o
R TEETH
i
PLFAmarar
PLFA prickie (AS-05) PLFA prictle (AS-05) PLFA pricfies (AS-07) PLFA pricfle (AS-08)
s
oz
o - - [
H i 1 i
% = B
. ¥ T %
5 o 5
E o 4 02 g H o
E § § on §
o0r i i
0w Ll o
HBHHHIIITH FEREH]
BRI 44 L
PLFAmarker
PLFA priofle (45-09) PLFA pricfle (AS-10) PLFA priofile (AS-11) PLFA priofile (AS-12)
o
o <
3 I i 3
£ 5
E " g E H
& !
o

-}ns-nuu HEE]
O R R

ittEaadi

PLEA markee

19 18. Midtre Lovenbreen A9 &= E% A& PLFA data



=

s

2. Lipid markerg ©o|83% A& 3

H
R

B EY MZo] PLFA Z2999 tﬂolEiE B, olH Ay EEE 293

N

WAL st gk PLEA markeroll e ARE £ 2347 obdfof 22 2E
AL F ATk ol 7t %S dFstE AdeRA vAE = vedt 4
FAA Ads =Eshs dol wutge] He AR 2500 & ATdEHdAE 2
M& 4 9= PLFA T4 ¢ 30 o7he] Az dadAs #E & d= &
AAEE AHgetel Vs S ddedn oAl wE e =il 8 GC-MS

S0 4 7153 PLFAE #4319 PLFA "AE 7o) A5 #AAE <83



Microbial group Specific PLFA markers PLFA group

Other Bacteria 14:0, 15.0, 17:0 Multiple groups
Gram(+) i14:0, i15:0, al5:0, i16:0, i17:0, al7:0, i18:0 Branched
Gram(-) cyl7:0, cyl9:0, 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, 16:1wbc, 18:1w9¢, 18:1w7c¢, 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
=3 3. v|AE +F{E PLFA marker

,46,



F 12 7d 5= EY site 14 PLFA Z2ade] Arp w523 A4S wol
= AES AR 8 sited AAS A WA= P BAS AAEAT A E LA
AL 9o MAE ¥ PLFA viAed w2 mAE 38 FE¢ 2Eds
A2 el Aol Total (mg/kg soil)& E Yo Ao}l &S el
= Aola, #Estu S wAdE wRoEs O () Bt ol 1" &4
(-) ¥relg]o}, Fungi, Eukaryote, Protozoa, Actinomycete ¢ #¥ HHRE F<ldh

A
aga vAE 2E#HE X 3E(Microbial stress indicator)®4] Fungi/Bacteria,
Saturated fatty acid/Monosaturated fatty acid, ZZ¥] 3 Iso form/Anteiso form
PLFA &°] )t} Fungi/Bacteria®l #ol =25 EY U F7|& o] =&
AS YERJ AL, Saturated fatty acid/Monosaturated fatty acid®] #tol S@&F=
Nd 57 28 AL yehdth 19 1 Iso form/Anteiso form PLFAY] &
- Z2EH2E Uil A, Fol A&7 E AL 2EYEE B2 Jlo

fei3
=

i
Jor

()]
AN

re
|

,4’77



Group Concentration (mg/kg soil)

20 47 62 103 120 132 191 303
Microbial PLFA components
Total (mg/kg soilf 0.9171 4.0765 0.4950 1.0280 1.8901 1.1253 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 0.4724 2.5587 1.0658 0.6759 1.3821 2.1136 6.6369
Iso/Anteiso 2.9126 2.3840 3.7781 2.6587 2.0823 2.5056 2.9949 31538
E 4 44" 8 B3 B AZo) PLFA BAS @ nAT 29 9 ~Eds A5
4




Group / % 20 47 62 103 120 132 191 303

Bacteria 15 27.7 24.9 27.1 28.7 2 23 53.5

G+ 20.2 7.9 11:4 16.7 5.1 21.6 15.8 8.2

G- 19.5 18.3 191 27.9 26.6 33.5 33 13.6

Fungi 28.7 39.9 33.4 21.1 23:1 115 11.5 2

Protozoa 55 16 4, 1.9 3.9 3.3 7.6 5.6

Actinomycete 6.6 4.7 8. il 45 10.2 2 15.9
S35 AAE 8 B EY 9] PLFA 48 S% nAE £5E F oy 745
e g
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20 103 191

W Bacteria m Bacteria m Bacteria

G+ uG+ mG+

G- G- G-

= Fungi m Fungi m Fungi

m Protozoa B Protozoa m Protozoa

® Actinomycete m Actinomycete | Actinomycete
120

m Bacteria = Bacteria = Bacteria

G uGH G+

uG- G- uG

m Fungi m Fungi ® Fungi

= Protozoa ® Protozoa = Protozoa

m Actinomycete = Actinomycete ® Actinomycete
132

= Bacteria  Bacteria

G+ BGH

G- G-

m Fungi ® Fungi

= Protozoa = Protozoa

 Actinomycete  Actinomycete

W 19, AAE 87) B3 =Y AL PLFA BAS R 0 AR B5Y 3 o T4
=

,50,




3. Mol B A

it

2RE VYRS w5y

5= gAakaslz|®x] =2l Ny-Alesund ¢ Midtre Lovénbreen ZHH 4L &
FomHFE 1001F ol MAES et sradds gy AR
o] MAFTT AHA QT o] FHF wux|el Nutrient agar( %)=,
Peptone 5 g/l, Beef extract 3.0 g/l, pH 6.8)& o]&3le] nA A& &L 1 9

SEGS 4T AEES EUdte] =4 vAdE ZE2Y(colony, HHAES &

s SIS 28 FA vgE LU oblel 29 gel th welstel 4
Z

1::2

2}7} ¢ H]*ﬁ%%—% E—Olzﬂ‘i Fau A 27, pigment Foll tid 1xHd A
AL FAAAT olE AN FANARS 4F NG W DA GLEE B

—‘%TM
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ol FolA 57t

3 o] M=

5

[}

=
o

alo] £ % pH, NaCl

[e]

=

S

A

[e]

= o
= =

H| 2

ol
=

: 86, 64, psyl, 2, 3)

SEIERR

1]

A=y
~

RS

sk n A& Fol A 16s TRNA sequencing

] &)
=

A
=

3t 2 23 16s rRNA sequencing

A EgolA e

4. FFe) Ase

L

=
A W A& (Pseudomonas sp.

o]
TS

oo

)
~

=

ea=
| A8 Hglo) A ALg&3 awA|wx] ¢l Nutrient broth agar

o]7] wiZel A

PR Qe v

o

A

ofil

A%

o)
A

4, 20 CellA

sl ut.

&

=
=

=0
ST

== ]
T

0.25 MellA of

~
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Pseudomonas sp.2]
bR By 7|4 x=7<l pH 9

-

shol HA o= 4

=

Hl 4] ¢]
[e)

o

[

]

[e)
=

1

&

=2

Hi ¥ 30, 37 CellA

2
pHe| A%olt: 24 pH 7 F2edld Age] 2 Ag tehigl

el pH 3

o3}
2R

stoktt, webs o] =1 A

&7l



Condition 8-6 6-4 psyl psy2 Psy3
4°C +++ + +++ +H+ e+t
20°C + +4++ +4+ +++ +++
30°C + - +++ ++ ++
37°C - N . - -
pH3 s 5 & - 2
pPHS5 + + 4 +++ +++
pH7 +++ + ++ . &
pH?® +++ + +4+ ++ ++
pH 11 o+ - 4+ ++ ++
pH 13 R . ] . .
NaCl 0.1 M +++ + +++ +++ +++
NaCl 0.25 M +++ e+ +++ ++ ++
NaCl 0.5 M ot it } ] R
NaCl 1.0 M . N 4 N N

=R 6. A7 g5 A =3 v
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oA A4 5718 SAMABEES] FAd G 2ol A wjste] F XAl
o FAL EAsT pysl, 2, 3 Al 7FA Pseudomonas sp. N E Cl14:0 ¢+
anteiso 15:0& FTA o= k= AAl jde] A7 vtk 6-4 o SAAAES
Al A SAM A= AL - o] vl 2k A R C12:09] Bl &o] AiH o w =
7F C14:0 o] A8ttt dukA Q] 7oA A2

,55,



100

Total Fatty Acids Composition

80

60

40 -

Percentage (%)

20 +

8-6

6-4

psy! psy2

Pseudomonas sp.

% 21 AW FFe A dAb 24

,56,
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A5 R AFEE 94 FausE G E=(%)
5 ksl A FHe] Ny— Alesund
o] Midtre Lovénbreen ZHEH 42 E
F AE (BE™ 7I3F 2014, 07. 19 ~
5 EY2014. 07. 30)& &3l EY HEY
1-1 el lipid A E FF B AAE AWAHPLFA) 24 1007
marker | F@3to] PLFA v} E F53ke] o] 2 ‘
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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, a17:0, 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, i17:1w7c 10-Methyl branched

Eukaryote 16:0, 16:1w9c, 16:1w5c, 18:1w9c, 18:1w7c¢, 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, 20:4w6 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

<2, MAE +HE PLFA marker>

- olel® PLFARA W2 A gskel 87 siteol
NE AR 2 BAe A4S,

=

- o]Z %38}l Bacteria, Fungi, Eukaryote,
Actinomycete ol st +¥ HAHRE & F 3
dom, #AHZA 99 A=< Fungi/Bacteria,

Sat/Monosaturate, Iso/Anteiso 59 HABER E
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Fol &4H ades 7 ¢ 7 e

Group | Concentration (mg/kg soil)

| 20 47 62 103 120 132 191 303

Microbial PLFA components
Total (mg/kg soilf 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 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 17927 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 13821 21136 6.6369
Iso/Anteiso 2.9126 2.3840 3.7781 2.6587 2.0823 2.5056 2.9949 3.1538

<a9. AA-E M 5= EY ME9 PLFA

A4S S MAE % 2 2EHE A5

B>

= 85 E%Y 87 site?] PLFA #4118 53 v
AE FF P X 89
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Condition 8-6 6-4 psyl psy2 Psy3
4 . + 4t 4t et
20°C + 4 4t et et
30°c + - +4t ++ ++
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pPHS + + ot e et
pH7 . + ++
pH9 4t + o+ ++ ++
pH11 e 4 ++ ++
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1. Starch based polyhydroxybutyrate production in engineered Escherichia coli.
Bhatia SK, Shim YH, Jeon JM, Brigham CJ, Kim YH, Kim HJ, Seo HM, Lee
JH, Kim JH, Yi DH, Lee YK, Yang YH. Bioprocess Biosyst Eng. 2015, 38:
1479-1484. (IF: 1.8)
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