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The study of membrane fluidity change in Arctic bacterial

by global warming through microbial phospholipid fatty acid analysis
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SUMMARY

(o:| 0 O OF E')

o (LI | (L

. Title

The study of membrane fluidity change in Arctic bacterial by global
warming through microbial phospholipid fatty acid analysis

Il. Purpose and Necessity of R&D

The purpose of this study is to monitor the temperature dependent change
of membrane fluidity by analyzing phospholipid fatty acid using Gas
chromatography— Mass spectrometry. Through this study, we will find the
interaction of microbes with environment and nutrients. It will give an
information on the impact of polar microbes by global warming.

IIl. Contents and Extent of R&D

- Analysis of membrane fluidity and phospholipid fatty acid
— Genomic study and comparison of transcriptomic change
- Analysis of metabolites and the empact of nutrient on polar microbes

V. R&D Results

Selection of Psychrophiles from polar soils

Study of growth conditions for polar microbes

Study of membrane fluidity by PLFA analysis

Analysis of transcriptome of Pseudomonas sp. 14-6
Selection of gene target related to temperature change
Analysis of metabolites

Effect on robustness and resistances of polar microbes

V. Application Plans of R&D Results

- Finding of various temperature dependent target genes can be used to



improve the robustness of microbes for further applications.

- Information on fatty acid composition, stress related genes, carbon
storage molecule related genes can be applied to practical area.

- More studies on membrane fludity change by temperature related genes,
exopolysaccharide from polar bacteria and low similarity isolates will be
studied more.
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Fatty acids profiling Phospholipids |
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OmAE WY A85E Ao Eed FHO Fi 7]
10 ml, phosphate buffer 10 mlS &= ¥ —?F B-35ko], 287 vortexing =
st & 156% &<t sonications st EF W i 8
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1) Paul EA. Clark FE.. 1989. In Soil Microbiology and Biochemistry. Academic Press, San Diego, CA.
2) Frostegard A, Tunlid A. Baath E. 2011. Use and misuse of PLFA measurements in soils, Soil Biology &
Biochemistry 43:1621-1625

3) Wu Y, Ding N, Wang G, Xu J, Wu J, Brookes PC. 2009. Effects of different soil weights, storage times
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- AlES giAAe] A= AlEY AR e A
oF FAFSHAl 10=oA w2 tAkAIEC] upd
As WA F dov, AlEe Hlste] 25%
ANA up®E hARA Sl AFTE O A5

- GDP, UDP z1#]3 UDP-D-Glucose & TthA}
Aol A 25% MEo] B & §E5E A= 4
77t wQl.
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OATMNEERE 3-20 AE &

b 24

A 9] BiARAL 4

E3to] LC-MS/MS=
thALA ] MRM 24

Pantothenic acid Shikimate

25C

25C
Histidine

AMEL] tARA]  Fol FTHToeE B o
branched chainE9] signale] wj-$- =Zw o]zist
PAFA &S leucine (iso C15:0, iso C17:0),
valine (iso C14:0, iso C16:0), isoleucine
(anteiso C15:0, anteiso C17:0)5 % Z+z}9] fatty
acid &4l &= S F U+
- 53] total lipidolA ai-15:02] 4% 10=°lA

11.6%, 25%=°A 4.3%, ai-17:09] A% 2.0%¢°l

A 034% 2 FAaE+= vl 105294 isoleucine

A 95 @dsits AS 48T + e
- major®Z Ygd S5 ALty Eojrt BA

cofactor precursor®! pyridoxine, glutamate,

histidine, phenolic amino acid®] precursor$!

shikimate®] <Fo] Wo] Yo AL B 2 9
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a1, 25%2] 749 CoA precursor?] panthothenic
acid?] o] 25=olA t W

nnnnnnnnnnnn

............

‘ ‘ o wd
.
wal ‘ s \IH.‘I‘||I|\I‘I|H\‘ H\IH

- 1029} 2559 signalS Hluste] & uw 53
10504 Eo] & Ao R (fold change), ©}v]
=4 F9l Lysine, glutamate, histidine 52 ¥
s}7} A3l cysteine®] A1 cystathionine=
Hsh7F W

- 25204 W37t & Ao 2= GDP, UDP 5 ¢
nucleotide s ¥ UPD-D-glucose, 5°] i, #
Aol #elstE FAD, NAD, Nicotinamide”}
W3sl7E 23, o] 9o cofactoret Aol Tols)t
+ pantothenic acid, thiamine phosphate’} %
sH7F AN+

- ol YAAY AdE B df, fatty acid
synthesis®] #¢]3}+= branched amino acid &
] ¥} nucleotide E9¢ W3}, EPS AgAdol
#olst= UDP-sugars®] W3, Axbdd #of
WALA] 5o Apol7t SA Aol & F U5

- EA Al zolE Fol fatty acid synthesis ¥
s}9} UDP-sugare} ## ¥ EPSe| wistel 3=
|-+ Pseudomonas sp. 14-6°41 413} study

& AN A

_40_




?_
a4 T A MG

O
r U
o
il
o
o%
re

-4 o2

4;

- OIARAl &4 A3} w2 branched chain fatty
acid¥ ofv| =ik Aol & A

I

- ImMe] X ‘ﬂo“ 7}, branched chain amino
acidel ™2 PLFAGIHA, F HA)e} total
lipid ¥ 3}

- CFA9] 7]4deo] H¥ Cl61, C181S TYatsd
S o Cl6:19] A% Cyl7:09 F7H7F g<lold
53 g Alztel 31 A9l Clelel B

]

Cyl7:0¢] <717F =l #H, Cl60s T
A9 AAZF ALo% Cl600] Be HES

- FHdAE F  fatty acid desaturase®t
cyclopropane—fatty acid synthase &2 434
zZkgo] BFEH, 714 Cl6:1S Cl&1HT A%

510 o} 2= o]o
s & )

B =
- AL (10%) 840 valines FH& AZof
Ao =S cychc forme] A HkAl u]&3 A
&S U

Aoz w$ v palmitoleic acid H
Elton S AFAM g Auet &4
W == A7}l wg- @& cyclic form AW
7} =2 palmitoleic acid H]&o] e,

- branched-chain amino acid’} A|WAF A&t
of ¥wo]l UAWH valineo] 4§ LHF
leucine 22 isoleucine®| W]l 2 7]
g A g F7F A7 28T A

o]
.

e

iy

O

]

-

H
Zlo
ol
2

¢

% 9 ox

lo Mm

- Leucine ¥ valines 37}t A2 A AlZo
- ) -$- =2 . fatty acid<]
C15:0(pentadecanoic  acid)  H]&= e

palmitoleic acid H|&©o] #z4.

|
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- leucine®] 7% pentadecanoic acid ¥

73l

3 ATARA g gor) valined 7

branched-chain amino acid 2}
S AL A dFARA g
oz A7) wiFol] F7FHQd A7}
Hnogz K<l
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7F 1d A A&

OPsychrophile/mesophile A4S 7F3 v A& Ad

—AF O A4 mAE AEE g rAE ATE et S5 ES S vA
ES Ad 8

Glacier soil samples from various points =———— Dilution —— Low nutrient medium

Svalbard, Midtre Lovenbreen 5 El
Glacier soil (depth 0-5 cm) 5

Enrichment culture

Characterization +————— Sequencing +— Strain isolation

* Growth

+ pH 165 rRNA sequencing
« Antibiotics

* Organic acids

* Membrane

- PLFA

- Fluidity

- Hydrophobicity

* PHA

* EPS

<Midtre Lovenbreenf&f¢] E%¥O 25 E wAE screening 7>

Bl4-1 Streptomyces sp. ST28

B14-2  Chryseobacterium sp. CCEC

B14-3  Streptomycessp. TTHG-DM-4

B14-4  Streptomyces nofirienss strain 173378

B14-6  Pseudomonas mandelll strain PgkB34 SDECIES isolates
8147 Uncultured bacterium clone ned93b10c1
B14-8-1 Pseudomonas sp. strain MHS2 Streptomyces 12
8149  Bacillusinfantis straln MP-7 Pseudomonas 11
1 Arthrobacter sp, MDT2-14
2 Streptomyces nofirlensis straln 173378 Arthrobacter 6
3 Pseudomanas sp. strain KP-12-3 Flavebacterium 1
4 Streptomyces sp. Ats18
[ Pseudomonas sp. HC3-13 Microbacterium 2
8 Variovorax sp. Abs3 F
P Lentrea viclacea strain 173540 Devosia 1
10 Streptomyces sp. strain M5_8 iovor:
11 Streptomyces avidinii strain IHBA 9319 Variovorax 1
14 Flavobacterium sp. Dra32 Lentzea 1
15 Pseudomanas sp, EnfS3
16 Rhizobium sp. MNG-12 Uncultured 2
17 Pseudomanassp. TSBY-66 P
3 Arthrobacter sp. strain IHBB 9579 Rhizoblum 1
242 Arthrobacter sp.MT-A-57 Bacillus 1
25 Arthrobacter orydans strain IHBB 11124 3
27 Arthrobacter sp, strain IHBB 9579 Chryseobacterium i
29 Uncultured bacterium clone ncdd60e02c1 Mi

icrococcus 1
E § Microbacterium maritypicumstrain 28
321 Micrococcus luteus steain FC1737 Pseudarthrobacter 1
33 Microbacterium sp. Rs52
34 Streptomyces sp. strain NSC30
35 Streptomyces microflavus strain 173339 N .
E Streptomyces sp, stealn zwl? 42 dlfferent ISOlatES
ex3 Streptomycessp. Es11
end Pseudomanassp. TSBY-66
exb Pseudomonas mandelii strain AB1G
ex? Pseudomanas sp. B12(2012)

B14A  Sueptomycessp. K32

B14C  Arthrobacter sp. RKS6-4

B14-D  Devoslasp Azall

Bla-F Pseudarthrobacter sulfonivorans strain 233-HNR16
814-m?  Pseudomonas mandeli strain H1
B814-md_Pseudomonassp. Jal

8) Wu Y, Ding N, Wang G, Xu J, Wu ], 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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aTNY =8
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e 13

=
. Exopolysaccharide from psychrotrophic Arctic glacier soil EPSE ditsts B
Flavobacterium o) oME B
ASB 3-3 bacterium Flavobacterium sp. ASB 3-3 and its potential ™ = =Lt
applications, RSC advances, 2015,5,84492
Metal removal and reduction potential of novel EPS @} DyEE A s}
exopolysaccharide produced by Arctic glacier soil bacterium = H530/88 20
Pseudomonas sp. PAMC 28620, RSC Adv., 2016. 6. 96870
eeydomones s Producti d chi terizati f medi hain-length
roduction and characterization of medium-chain-len
PAMC 28620 g

polyhydroxyalkanoate copolymer from Arctic psychrotrophic

bacterium Pseudomonas sp. PAMC 28620 International
Journal of Biological Macromolecules 2017, 97:710

PHAE Mitsts 53
DjgE 21

Pseudomonas sp.

PAMC 28618

Chemical structure of the lipid A component of Pseudomonas sp.
strain PAMC 28618 from thawing permafrost in relation to
pathogenic activity. Scientific Report7: 2168 (2017)

A Ao A
22 HEse AR
2 S=04E 23

Bacillus pumilus .

PAMC 23714

Sensitive change of iso-branched fatty acid (iso-15:0)in Bacillus
pumilis PAMC 23174 in response to environmental changes
Bioprocess Biosyst Eng. 2016 , 39:159-167

st wat Het
£ LIEH = fatty acid
XSS 042 ED

Pseudomonas sp.

8-6

=R 20 g8

o

<Midtre Lovenbreens+&}2] 215 = g 2E

oleld A%E el Al
FAED MAE Fu

OPsychrophile?] &4 ©]¢] 2] Hydrolasel} carbon storage molecule A4ts

52 sjo}

Starch agar

Yeast extract 3g/L
Peptone 5g/L
Soluble starch 2g/L
Agar 15g/L

30°C

Al

<

Skim milk

Skim milk 28g/L
Tryptone 5g/L
Yeastextract 2.5g/L
Glucose 1g/L

Agar 15g/L

30°C

T 779 %27] EA (hydrolases)S Z7] ¢
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of A F<l HF>

TE 918 47F (V)& 5F + At 42F)9 A
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Tween80

Tween80 200ul/L

Bromocresol purple 0.01g/L

Yeast extract 0.5g/L
Agar 15g/L

30°C

>



Hydrolase test Growth
Amylas|Pr hiti
No. Strain name from BLAsT | Oram (AmvlasiProtea) Lo 1<hitinal g | 1s8 | T8 | mB |salinity PHA
stain e se se
B14-1 Streptomyces sp. ST28 + + (+] - - + ++ ++ +
B14-2 Chryseobacterium sp, CC8C - {+) + - - + -+ ++ - 1%
B14-3 Streptcmyces;p. TTHQ-DM- F) +) (+) . R
. Streptomyces nojiriensis str . .
i ain 173378 : M ™
B14-5 Chrysecbacterium sp. NX12 - (+) 4+ - - + ++ +4 - 1%
B14-6 Pseudomonas mandelii strai i . i i " " - "
n PgKB34 "
B14-7 Unculturr‘i;l::georgm clone + + - + - ++ ++ ++ ++ 15%
B14-8-1 Pseudomona;;p, strain MH ) } . i} ) " " - "
B14-9 Bacillus infantis strain MP-7 + + + = = (+) + e + 4%
= = =
< AT #Fe 27 54 AT 2>
=z E =] = = = 93 =z O =
Tz B4 B4 AT Bad AN A7E AP 1055 AUste] ol wd
- 2 =
s PLFAY -5 33

-5 Flavobacterium ASB 3-3, Pseudomonas sp. PAMC 28620,
Pseudomonas sp. PAMC 28618, Bacillus pumilus . PAMC 23714,
Pseudomonas sp. 86, Bl4-5; Chryseobacterium sp. CC8C, Bl4-6;
Pseudomonas mandelii PgKB34, Bl14-7; Brachybacterium sp.B14-8-1,
Pseudomonas sp. Strain MHS2, B14-9; Bacillus infintis MP-7 €& E%# %
°] product AAto]l A= TF, ®L salinity SAMAE A5 e AR =
o]t EPSEZ A4ts] W= w A& Gram negative, positive BFE|g]o} 59 o 7

E4He ¥eg vehle YRS Y
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oA MAE 4% 23 P AT
~$5E 9% el 49 270 4S9l complex mediaFel el 4%
2 a7

B14-5 Bl4-7 B14-6
5 ” o
—— ~a— 1B iy
- g n
. ™ s
i 5= M ?1 e = —i—
4 . 4
| 3 [ §
a 3 a & o 3
o F P o

e £ an & L] 180 (e 0 Py a0 &0 B 00 70 ] 20 0 0 ] 100 [
Tirme (h) Time (H) % Data
B14-81 B814-8

& a0
—-— =18
~0 TEB —o— T8
gf-rm 254 w8
e WD i VB
4 20
§ ]
a 3 o 15
-] =]
2 10
1 os
a ao
L o e L B 100 Lk '3 0 a0 ] -] 00 129
Tiena () Tirme: {h)

< FA AR AFE AT A A% >

-4Fol4e] wj# (LB, TSB, TB, MB)Z v|u3 Z3} TB7} generaldtAl A5

2~ [e}Ke) P o
o] A F s ¢ F s

B14.5, Chryseabacterimsp CCEC B14-6, Peeuwdornonas mandeal strain PgB24 Bt4.7. Brachybactenim 5p
10 10
- - uT 1] =0
—o— E o 10T o T
] " s

0D
-
-

=
-

0 n o L w 1m o n 40 0 80 100 L] £ 40 &
Time {1} Tima {h] Tima ()
B14-8-1; Fseudomonas sp. strain MHS2 B14-8. Bacllus infantis dram MP-T
10 =
—— 3T —— 30T
—— 29T —m- 20
—— 1T

OBy
0f,,

° 2 a0 - 0 100 1] 10 20 x 40 50
— Timaih)

< 3A UAE ATE 99 L2 9 ma>

—uj gl w100l Aol F4 ¥ vAwE vEd 64 71E)
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O A HAF 718 membrane fluidity #4
-PLFA "<& #A83 A4 membrane 4] 2 25 A Fsle] 24| nAE
A5 A U setup =

o #-&3}o] Gram negative ¥E]|g]o}e] 7%

Phospholipid analysis method ) _
sol Microbes | Membranes PN "L
= - li'i . \ - | -
Total lipid . ! . i
8 '

L]
i “
- Fraction 1 Fraction 2 Fraction 3

- - EgAm (Newtral  (Glycolipid) (Phospholipid)
Lipid])
Fatty acids profiling Phosphofipkis Separation of Phospholipid
Phospholipid in Bacteria S

U H |

‘ "' | [ |\|‘H
f , | 2 ||| ||l

BAME sundard (mou ppm: !LME Standard (100 ppm)

Fatty acid analysis by GC-MS . o
Analysis of microbial structure

< PLFA &4 Wy 9 715 dolg oA]>

Pseudomonassp. 8-6

s Bea i
e

100, 8-6 10°C s et
o190 1% 0 taep
Jeg e MO sa e 0N )
“ 16TwTc
. i 16w TC
— [ i)
w
a
(=] ||
o : Z A !
a1
F’
-
105 25% o
.....
5 L Il : p—
T R T T T T T T T

2L 7t 2 W, unsaturated fatty acid(16:1w7c, 18:1w7c) B 7t
257t 52 W, cyclic17:0, €15:0 57}

< Peudomonas sp. 83-6= A}-&3 PLFA &4 A& Ai}>

-PLFA W¥S 483 AWAE membrane w4 4

EL HoAgste] =X nAE
of A 83t Gram negative 759 A¢ HZ F E

T
=X B AZE wkety) (25%

e rlo

9) 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.
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0.0595

2A17V).  Peudomonas sp. 8-6° 7

=7k &1l

acid(16:1w7c, 18:1w7c)

; Pseudomonasms in PgkB3a 10°C

T

2&7tge,
unsaturated fatty
acid( 18:1w7¢c) S7}

[ Y-
e e
2E7HES W, cydlic
17037t
/ [—yo
c14:0 57}
(=T

< Pseudomoans mandelii Pgk834, Pseudomoans sp.

o

A A8 A

10°C

e
T4 0% -
Pseudomonas sp. i
PAMC 28618; 48h =
h..._‘_‘_\_
| 1ha s
A H
w7
2 im0 g ’f
ik i
1 \ I
0
10°¢ 25°C \
o

F11 B VI T S TV M )

< Peudomonas

= A Peudomonas 745, &
181w7c) 57 =71 =
7}

el

B14-2; Chryseobacterium sp.
ccsc

o

, saturated fatty acid (C14:0, C15:0), Cyl7:0 &

Pseudomonas sp.
PAMC 28620; 48h

] unsaturated fatty

2=7tde,
unsaturated fatty
¥ isid(ls:le, 18:1w7c)
5
(- o

=™
2E7hEE W, cyclic
17:0,16:0 57}

[P

10°C 25°C

970 1070 N0 1270 1370 1470 WA

sp PAMC 28618% 28620< AH8&3F PLFA &4 4§ 23>

u] unsaturated fatty acid (16:1w7c,

0.D595

25°C

- 48

Bl14-210°C

Bi4-2 350




< Chryseobacterium sp. CC8CS A}-&3 PLFA +4] 48 A3}>
-=A|  Chryseobacterium sp. 734%, <27} Y& ul, unsaturatel7:1,wl0,
16:1,w7c, anteiso—c15:0, =%=7} %5 w saturated fatty acid 57}, Cyl7:0 7}

S oA B35

[e)

A A ES 3-83F9] Membrane fluidity, Hydrophobicity &AW %10

* Membrane Hydrophobicity study

U * Cell culture and harvest by centrifugation at Stationary phase of growth

« Suspend in cold 0.8% saline to an OD660 of 0.6 (A1)

Add 1/6 volume of n-octane to one tube but not to the other

VY

l, + Agitate both vigorously for 2min and then stand for 15min to separate into two layers

U U * Measure the OD660 of the saline phase (A2s), and of the control(A2c)

Calculate hydrophobicity value; [(A2c-A2s)/A1] X 100

< Membrane hydrophobicity 4] >

10) Aono, R., & Kobayashi, H. (1997). Cell surface properties of organic solvent-tolerant mutants of
Escherichia coli K-12. Applied and Environmental Microbiology, 63(9), 3637-3642.
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+ Membrane fluidity study

» Cell culture and harvest by centrifugation at Stationary phase of growth

U * washed twice in PBS, pH=7.0 and resuspend to OD600 of 0.6
16-dighenyl- 13 Shewtsene
e * incubated at 37°C for 30min with 1,6-diphenyl-1,3,5-hexatriene (DPH)
at a concentration 0.2uM (0.2mM stock in tetrahydrofuran)
37, 30min
*  Measure fluorescence polarization values with microplate reader using sterile

black-bottom nunclon delta surface 96-well plate
Fl - 360/40nm fluorescence excitation filter
uorescence - 460/40nm fluorescence emission filter
Polarization value - excitation polarized filter was set in the vertical position(lvv)
- emission polarized filter either set in the vertical or horizontal position(lvh)
G is the grating factor, assumed to be 1
Polarization value P = (lvv-IvhG)/(lvv+IvhG)

< Membrane fluidity &2 = >

—ex W3l wE mAE AFu 2A Wiyl wasEg a54 Aol
o u A

11) Royce, L. A. Liu, P., Stebbins, M. J., Hanson, B. C.,, & Jarboe, L. R. (2013). The damaging effects of
short chain fatty acids on Escherichia coli membranes. Applied microbiology and biotechnology, 97(18),
8317-8327.
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B14.5. Chrysatadtorium . NX 12 B14:5; Pssudamonas mandalli PKE3E B14-8:1, Pasudomonas s Stan MHS?

13

Mistrara hydriphobioty i)
Mnrmras iysropnothc y ()
2 5

Wembrmne hydmeiobicty ()

U I [ 1 W

>Membrane hydrophobicity 578 A1%; 2E7 $ 848 0|48 Eoo| A44/0| ZASH: 2t Bol

B14.5, Chryseobacterium sp. Nx 12 B14.6; Pseudamanas mandali PgkB34 B14.8.1: Psoudomanas sp. Stain MHS2

Eare BN B : I

e

anvillue

Polarzaten valie

>Membrane fluidity 578 4 8; 227 28 § 54 S} (unsaturated, branched, cycle form S7H2} ZH&t
A HEHEE 0l DPHRE membrane fatty acid = XHE 2| acyl groupZt2l ZEHo| {2{ Q& &2k Zto] ZhA St
21 gl
< Membrane hydrophobicity ¢} Membrane fluidity "3 S % 3}¢]
Chryseobacterium sp. NX12, Pseudomoans mandelii Pgk834, Pseudomoans sp.

MHS2S A}g3 24 28 Ax>

o A Euo] AFAS 7FAAF|AL o]E £ n-octane} 9]
o] At % membrane hydrophobicity gko] 7FA3H mh3t
T4 dd=4d<Q DPHHO| o8 L3 Faste] Asks FFw
= Yolx Al ®o] & 33<4=X(polarization value)7} 7+23te] YERH.

B\

45 st WA E Axde] Fx WelE
o] 7bsetH, A= PLFA Z3tet 4a aA7F 91512

r

12) Méannisto, M. K., & Puhakka, J. A. (2001). Temperature-and growth-phase-regulated changes in lipid fatty
acid structures of psychrotolerant groundwater Proteobacteria. Archives of microbiology, 177(1), 41-46.
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A A= e) S = : 1= A=i 1=
OFA HAES &85 total fatty acid ¥4 2 PLFA 415 v
=
Total fatty acid 24
B14-510°C
B14-5 pls B14-525°C
Total fatty acid | 10°C 25°C i i feblomo IS
13:0 043% 080% T
i-15:0 044% 054 % {
2i-15:0 1159%  433%
15:0 37.00% 3971%
i-20H-15:0 _| 386% 1157% |
16:0 240% 6.06%
16:1w2 522% 398%
i-16:1w9 055% 0.00%
16:1w9 124% 0.00%
3i-17:0 201% 034%
17:1w10c 3082% 3268%
ai-17:1w9 445% 000% = R
B14-5
004
- T
== 2T H
g o ‘
o
Y i Jn - -
2 = S
g " .
H =5 P —
5 o
000 -
O o Qo
P a_¢° :?;*\b‘ -@‘g\ag.-f:‘w\ﬁ @.\-‘*‘ e_q\f'\‘,\:‘_"_\.‘_,eﬁ‘ - L.

< Chryseobacterium sp. ©

PLFA result

B14-5; Chryseobacterium sp. NX12 10°C

3

B14-5; Chryseobacterium sp. NX12 25°C

1135050
%

< Chryseobacterium

total fatty acid &%

A7

BT

[ o
me:u
|
| i~
li ) ZE) e =
; < Womsein- st
= T8 ’_
|
I \
L L i %
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-PLFA #4®t 4% Total lipid #4&

NS Fte 2% mE JFS & 5 9l
o, Fdldo® PLFA #A4Weo] tdsta 256 mE JFs 44 2 F 2
o}, total fatty acid &4 WHS REH oz &&= Fo] Ha3hd)
OAE
-5 d ESAAA o nAES EE 2 54

-Fg] A EEo] 7}A| = hydrolytic enzymeEs
sk EAE VA A e vAE 24

Ak AR AF 27 wjA R ex 27

sa wEse, @40l AU, 50

-2k ®igte] mE Ax XA 49 Wt #F

~Gram (-) vHglo}9] PLFAS] =

ok

e Aste] e Agom BEA Y

==
i o
Za A S ArdE Aelvt dE A

“Gram (-)o]H A& W Ao Fo AL

7}7F PLFA A3 =4 #AFyn B
gelg ¢ g

Boln, 53] AA EPS 44t

o] A FUH+= Ao R Ho|= Bl4-6; Pseudomanse mandelli Pgk834 ¢

9} Gram (+)EA =& dxoa] AAo] 7tssle Er 2 hydrolase A4S

59 WHOR dto] 7149 4Ye Y

7V2 B14-7, Brachybacterium sp. &<
g Ag<

13) Pratt B. Riesen R, Johnston CG. 2012. PLFA Analyses of Microbial Communities Associated with

PAH-Contaminated Riverbank Sediment. Microb Ecol 64:680 - 691
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L 29t

AT

1 B A O 9] o B O 93 S
O Transcriptome #+4S ¢33 #F 2 EX4S8 ¢33 =4 3¢
2 1 0jd= HE
* Midtre Lovenbreen EY 2 2 S E| DM E ME

B14-1  Streptomyces sp.ST28 SPECIES isolates
B14-2  Chryseobacterium sp. CCEC
8143 Streptomyces sp. TTHO-DM-4 Streptomyces 12
B14-4  Streptomyces nofiriensis straln 173378 Pseudomonas 11
B14-6.  Pseudomonas mandelii strain PRKB34
8147  Uncultured hacterium clone ncd93b10c1 Arthrobacter 6
B14-8-1 Psewdomonas sp. strain MHS2 -
B14:9  Bacillus infantis strain MP-7 Flavobacterium 1
1 Arthrobacter sp. MDT2-14 Microbacterium 2
2 Streptomyces nojiriensis strain 173378 N
3 Pseudomanas sp. strain KP-12-3 Devosia 1
L] Streptomyces sp. Ats18 F
& Pseudomonas sp, HC3-13 Variovorax i
8 Variovorax sp. Abs3 lentzea 1
9 Lentzea violacea strain 173540
10 Streptomyces sp. strain M3_8 Uncultured 2
11 Streptomyces avidinil straln IHBA 9319 2. g
14 Flavobagterlum sp, Dra32 Rhizobium 1
15 Pseudomonas sp. Enf53 Bacillus 1
16 Rhizobium sp. MNG-12 -
17 Pseudomonas sp. TSBY-66 C‘hryseabacterrum 1
23 Arthrobacter sp, strain IHEB 9579 H
242 Arthrobacter sp.MT-A-87 Micrococcus i
25 Arthrabacter oxydans strain IHBB 11124 Pseudarthrobacter 1
27 Arthrobacter sp. strain IHBB 9579
29 Uncultured bacterium clone ned460e02cl
31 Microbacterium maritypicum strain 28 . .
321 Micrococcus luteus strain FCI737 42 dlffe re nt ISOlatES
33 Microbacterium sp. Rs52
34 Streptomyces sp. straln NSC30
35 Streptomyces microflavus strain 173339
36 Streptomyces sp. strain twl?
exd Streptomyces sp.Es1l
exd Pseudomonas sp. TSBY-66
ety Pseudomonas mandelii strain ABI6
ex? Pseudomonas sp. B12{2012)
B14-A  Streptomycessp.JK 3-2
B14-C  Arthrobacter sp, RKS6-4
Bi4-D  Devosiacp. Azall
B14-F  Pseudarthrobacter sulfonivorans sirain 253-HNR16
B14-m2 Pseudomonas mandelii strain H1
B14.mi. Paeudomonss 5. I Pseudomonas sp. B14-62| 41'H

<1d

~1d At

2pell B3 #F Y 2E U Pseudomonas sp. B14-62] A >

At mAEFod Pseduomoanst 11& A oW, I F 2%
W&  PLFAWS, WA wWsh, EPSA4A, PHA AL w7l F=EH3

Pseudomonas sp. Bl4-65 A% t}okst A4= A<

=

2E e,
unsaturated fatty acid(
18:1w3c) 7

[ P——

£ 524 ou
17057

e

c1a:0 57t
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120

Chloramphenicol

Kanamyecin

100

comparison 0.D.595 to Control (%)
3

== Cm 15 (ug/mi)
m— Cm 7.5 (ug/ml)

N,

<Pseudomonas sp. B14-62] & Lo w}&
H 3}

25T 10%C

100

=== Km 30 (ug/ml)
KM 15 (ug/ml)
80

&0

) l

2

0 — ==
25T

comparison O.D.5g5 to Control (%)

10%C

PLFA 24 23 3 &4 WA
>

-Pseudomonas sp. B14-62] Ao A 2] cyclic 17:0¢] =7} @A} 25% A5

9] Chloramphenicol W4 &7}, Kanamycin W73

8146

Teve ()

<Pseudomonas sp. B14-69] %9 & PLFA

-Pseudomonas sp. B14-69] A% =7 2 2%} AJ7ko|
o] w2 membrane?| hydrophobicity <7}, fluidity 74

-n| A E-¢] Carbon storage molecule® A& % 11
7}

B14.6: Psaudomonas mandelil PgkB34

Hydrophobicity
37t

-

w0e =T

B14-6; Pseudomonas mandelii PgkB34

Fluidity Zf2

LG Giiss

BZsE) 54 (105)

3HHx ‘

wX 23 2 FA WA, PHA

R

e A 2 de
Ags
91+ polyhydroxyalkanoate

(PHA)Y €xo] W& A FegE GC-MSE #=38191, 25504 Az o

= PHAS®| A%t Fo]

o o

o
4 T US4,

14) Kourmentza, C., Araujo, D., Sevrin, C., Roma-Rodriques, C., Ferreira, J. L., Freitas, F., .. & Reis, M. A.
(2019). Occurrence of non-toxic biocemulsifiers during polyhydroxyalkanoate production by Pseudomonas
strains valorizing crude glycerol by-product. Bioresource technology, 281, 31-40.
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Pseudomonas sp. B14-6 Pseudomanas fluorescence
| 25°C ‘ 25°c 25°C

- ‘ e 4

Pseudomonas putida

"0 E T 1w #

Preudoimanas stuzers Pseudomaonas resinoverans

37°C 1 37°C

25C = |2sc *®

<Pseudomonas sp. B14-6¢] &%o| w& PHA AAH>

10°C 25°C 10°C 25°C

xx
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10°C 25°C

X 3k

Y Gabs |

<Pseudomonas sp. B14-62¢] %o & EPS A4t¥ SEM image>

—10% el A wo] AMEE EPSE A o] 255004 = Aste] 7HAE

-SEMZ3#} o= 2%k wE morphologytt ©]¢]e] Seliie] i~

o) o
sy

_56_



Pseudomonas sp. B14-6,

Attribute Values

Genome size (bp) 6,766,122
GC content (%) 59.14
rRNA genes 19

tRNA genes 67
Gene 6326
Gene length (bp) 5,831,520

Gene length/genome (%) 86.19

Pseudomonas sp. PAMC 28620

Attribute Values
Genome size (bp) 4,148,661
GC content (%) 35.99
rRNA genes 15

tRNA genes 52

Gene 3,911
Gene length (bp) 3,700,395

Gene length/genome (%) 89

<Pseudomonas sp. B14-67} Pseudomoans sp. PAMC28620 genome
sequencing 4 ¥} >

-B14-63} $HA oA EPS9} PHAS A2tS ¥ 3wl PAMC 28620 off 3k

h84

genome sequencingS %1 331512

-B14-69] 4% 6.7Mbp A% HE°| Pseudomonas (P. aeruginosa 7|<)% size
7FA 3L &= HbH PAMC289202] 4% 4.1Mbp= "% 22 genomes 7}A|

1

0] &
=

-GC contents®] A% RE2 60%0]S A7 Bouy F ¥y AUy oe=z
GC contents7} 22
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Cfa- 1 gene

Lengt
SegMame Description h GO Names
lorf06133 _contig. [class i sam-dependent methyltran F-cyclopropane-fatty-acyl-phospholipid synthase activity; P:lipid biosynthetic proc
1.cir |sferase 1185 |ess; P:methylation

l SHUT| LiA 2 ST XL -33 genes

orfOD0BS_contig. 1.cir
orf01240_contig.1.cir
orf01242_contig.1.cir
orf01243_contig, 1.cir
orf01700_contig.1.cir
orf01761_contig.1.cir
orf01801_contig.1.cir
orf03005_contig. 1.cir
orf04249_contig. 1.cir
orf04486_contig.1.cir
orf04493_contig.1.cir
orf04664_contig, 1.cir
orf04666_contig.1.cir
orf05016_contig, 1.cir
orf05258_contig. 1.cir
orf05705 _contig.1.cir
orf05869 _contig.1.cir
orf0BEBT_contig,1.cir
orf06784_contig. 1.cir
orf07440_contig, 1.cir
orf08211_contig.1.cir
orf02108_contig.1.cir
orf09163_contig.1.cir
orf09170_contig.1.cir

<Pseudomonas sp. B14-6°] A

-B14-6°14 cyclic form¢] fatty acidS
A WA #AdE SHARE] v

-Kanamycin® 7

AL 4o

-

R

class ¢ beta-lactamase

4-deoxy-4-for ido-l-arabi hosph p y
bifunctional udp-glucuronic acid oxidase udp-4-amino-4-deoxy-l-arabinose formyltransferase
undecap 4-deoxy-4 ido-l-arabinose transferase

undec: pl
carboxylic ester hydrolase

Acylase

undecaprenyl-diphosphate phosphatase
ghycasyl transferase family 51
penicillin-binding protein 2
penicillin-binding protein activator
penidiliin-binding protein 1b

glycoside phosp ase

peniciliin-binding protein 2
i h miﬁe t i
penicilin acylase family protein

nitrogen regulatory protein p-ii 2

penicillin-binding protein

Peptidase

penicillin-binding protein activator

penicillin acylase family protein

penicillin-binding protein 2

Aminotransferase

macrolide abe transporter permease atp-binding protein

=
A

ol 3% BLASTS 9 search 13 oA
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PHA 28 S X} — 12 genes

- 99

orf61537_contig Lol polyhydroxy p phaR 513 20 0475086111  97.75
orf01541_contig.Lclr  poly(3-hyd i Jsynth Class? phaC 2469 20 00 932 contatin unknawn function domain, dass Il phaC domain
C: ly reduct
orf01546_contig.1clr  beta-Ketoacyl-acp reductase phall 747 20 0.0 98.2 4 unvuxass.'F'u’e‘to’acely’l—(ohled»uasucllullv
dlass | poly -hydroxyalkanoic ncid synthase Classl ¥ i ctivity, s I ) P:poby-hydioxyt
orf01550 _contig.Leir  phaC 1704 20 0.0 97.0 3 tyrate biosynthetic process
orf06757 _contig.Lclr  polyhydroxyalkanokc acld system protein 276- 20 23297957 98.05 putative polyhydroxyalkenolc acid system protein
ol b W H e
GriD6759_tontigdcir ein phasin 423 20 518920693 9755
poby(3-hyd W 3 i d prot
orf06760_contig.Lcir  ein phas 882 20 3.67883E-71 99.75
ciass 1i poly -hydroxyalkanaic acid synthase Classs F activity, 1 ps; Prpaly-hy biogynt
orf06764_contig.Leir  phaC 1683 20 o0 98.35 2 hetic process
orf06766_contlg. Lk poty{3-hydrovyalk } depot phaz 855 20 00 4935
chaiss Ti poly -hy y id Classll F i activity, | growups; Pipoty-hy butyrate bicsy
orf06769_contig Leir  phaC 1680 20 00 9215 2 hetic process
orf01539_contig.lclr phasin 558 20 2.24041E-113 o7
3 hvdroxik L " iFo8 pi ™
orf01937_contig.Leir  3-hydrosybutyrate dehydrogenase 74 20 00 98.2 3 cellular ketone body metabolic process
operonl
Tosuble scetoscetyl-Cod reductase
R R )~ s I < HI v >
-
-
=
opereal operond Hypothetical pratein
- (o) 4
PHA sy#tem protein boiid
fransenptanal represser]
| Eps B 40 7} RHA
orf0B8469_contig.1.cir glycosyltransferase 918 20 1.21B45E-179 9515 2
orf08874_contig..cir glycosyltransferase 1008 20 oo 767 2
orf0B875 contig.l.cir udp-glucose 4-epimerase 1041 20 00 96.55 4
orf0BATT _conitig.1.cir udp-n gl ine 2-ep 0 ydrolyzing) A RES| 20 00 96.15
orf0BE78_contig.l.cir glycosyltransferase 1221 20 (1] 8775
-orf0BETS contig.).cir sugar transferase 587 20 1.59369E-128 940
orf0B383_contig. .cir glycosyl transfarase 1107 20 00 839 4
orf0B884_contig.l.cir polysaccharide biosynthesis protein 1767 20 00 97.3 1
orf01233_contig.1cir glycosyltransferase 1581 20 1] 90.5 2
udp-glucose gdp-mannose dehydrogenase family protei
orf01235_contig.1.cir 1380 20 0.0 97.5 7
orf01236_contig.1 cir 4-deaxy-l-arabi phaspho-udp flippase 402 20 6.78196E-48 4.1 5
orf01237 _contig.1.cir 4-deoxy-l-arabi haspho-udp flippase 345 20 4,74668E-46 94.45 5
orf01245 _contig.ar 4-decixy-l-arat i fi 1278 20 0o 96.05 [
orf)1246_contig.l.cir integrase 891 20 00 9775 3
orf02369_contig.1.cir nad-dependent epimerase N5 20 oo 9045 4
orf02378_contig.1.cir udp-glucose B-dehydrogenase 1257 20 00 94,05 7
orf02380_contig\.cir glycosyltransferase 705 20 9.65262E-172 91.95 2
orf02382_contig.1.cir glycosyliransferase 1083 20 00 88.85 2
orf02383_contig.1.cir glycosyltransierase 113 20 00 92.85 2
orf02386_contig.l.cir glycosyltransferase family 2 protein 903 20 00 951 2
orf)2387 _contig.1.cir polysaccharide biosynthesis pratein 1419 20 0o 932 2
orf02389_contig.l.eir udp-glucose 4-epimerase 1056 20 oo 943 4
orf02390_contig. 1.cir glycaside hydrolase 1473 20 oo £89.95 2
orf02391_contig..cir MULTISPECIES: hy ical protein [Pseud i 126 20 1.32113E-20 8345
orf02392_contig.lcir acyltransferase 1050 20 00 9125 3
orf02394_contig.1.cir maltose alpha-d-glucosyltransferase 2067 20 00 97.65 3
o o o) kU [e]
<Pseudomonas sp. Bl4-6°4 27" PHATA A<t EPS @4 #d FHdA
[SAR=]
=271 >
_ _ L= o S o L
B14-60l 4] Carbon storage =4 & ¢e1xl PHA 374 #dx7F 127 A= A
o = = o
=™ 2709 gene clusterE ©]Fi UL
b S o = 2=
-EPS A4t #@% UDP-glucose §74 x50l th4 &4
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<Pseudomonas sp. B14-65 €83 transcriptome 244 3}>

-B14-62 AF&3}e] 10 25% 72A)%Fe] Wt3te] duplicate RNAsequencings 2
A&

St Us el dolg e AR &
Apol S Hol= fridAel Wste] RTE

_

2719 AE Fol duplicateztel b ZA @ee A AAS Foho] L%
GPo AT WiEol AE Holst B B F YLe d & U

_60_



MA plot Volcano plot

gfe

~VRgIHFDR]

{
|
[} 3 10 13 - o 5

logCounts logFC

« FH 63000 FE Xt F 2-fold O] & up or downZ! FH X} 14157}

| 25E01X up-regulated & RHXE | | 10 0 A up-regulated & RHXHE |

UTP--glucose-1-phosphate uri

-4. B 2 L

4.246138gtaB_ iV itranstease 315363 phaB :cetoacetvl CoA reductas
UDP-glucose:undecaprenyl-ph

-3.489086 wcal osphate glucose-1-phosphate 3541956 hag Flagellin

transferase
-3.285559galE_2 UDP-glucose 4-epimerase 4.517874 chiD Chitinase D

<Pseudomonas sp. Bl4&-6& 105¢ 25% zto] S vehfe §d2F v a>

-RNAseq 2% 63009 Fx# F 141570 A=7F xfol& vEdd e, 53] &
ZolE JeEd AE Fo| UDPZHY &A1}, PhaB, flagellin o] e

SCIENCE SIGNALING | RESEARCH ARTICLE

[ &na | s

Cells alter their tRNA abundance to selectively regulate
protein synthesis during stress conditions
8 oy _— i S
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T e T e R e e ] Sy by
£ =2 L

« 2-fold O] & 25 = 0| A upEl tRNA

nlie = e il
o — u
P

=9

tRNA-Val(gac)  tRNA-Phe(gaa) =
tRNA-Arg(cct) tRNA-Leu(tag) Ty ER
tRNA-Asn(gtt)  tRNA-Leu(cag)

tRNA-Ser(gga) tRNA-Leu(taa)

tRNA-Trp(cca) tRNA-Ser(cga)

tRNA-Met(cat) tRNA-Pro(ggg) c
tRNA-Ala(tgc) tRNA-Gly(gcc)

tRNA-His(gtg)  tRNA-Thritgt)

tRNA-Thr{cgt) tRNA-Leu(gag)

tRNA-Met(cat)

A
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o, ol 7]E Baet 7ol stress AolA Q3 oz
tRNA7} o] RtE5o] A= st Hizsivta & 5 glo
(RNA7F @l 9ghg 8tm 98-S o 4 Qe Ahdlgl.
Housekeeping glycosyltransferase (hypothetical protein) -0.000190991
mfs transporter(hypothetical protein) -0.000160601
Cold shock Cold shock-like protein CspD 1680642266
Cold shock protein CapB 2482827716
Major cold shock protein CspA -0.066422927
cold-shock protein -1.137400234
Major cold shock protein CspA 1.203778401
Cold shock protein CapB 0.838585983
ATP-dependent RNA helicase DeaD -0.729136091
<housekeeping A A2} cold shock+d A+ A 3}>

~housekeeping - A A2 &&= A} &85 &
3L, cold shock¥# 3tk

5 ©]

%0, ol

AR

o] o
.

2

()]
2R

| 4

cold-shock proteing%® <

FARNES
1S
=

-

74 Aﬂ z‘sL 2=

I 010%

A% = cspD, capB, cspA

P
T

o 10=0M upE Z (+), 2520 M up E A (1)
Gene cluster Gene name Fold change(LogFC)
PHA polyhydroxyalkanoate synthesis repressor 0.317442641
phasin 2.173342262
poly(3-hydroxyalkanoate) synthetase 0.395741261
Acetoacetyl-CoAreductase 3.153630438
Acetyl-CoA acetyltransferase 2.585892031
Poly(3-hydroxyalkanoate) polymerase subunit PhaC 1.87381749
polyhydroxyalkanoic acid system protein 0.513241062
poly(3-hydroxyalkanoate) granule-associated protein 0.58440066
poly(3-hydroxyalkanoate) granule-associated protein 1.433706458
class ii poly -hydroxyalkanoic acid synthase 0.510553873
poly(3-hydroxyalkanoate) depolymerase -0.413514891
class ii poly -hydroxyalkanoic acid synthase -0.600517813
D-beta-hydroxybutyrate dehydrogenase 0.790005565
D-beta-hydroxybutyrate dehydrogenase -0.600167791
CFA Cyclopropane-fatty acid synthase 0.316998732

<PHA®} CFA mRNA expressionZ ¥} >
-Carbon storage molecule® A&% = PHA #dAE59 dds BW 2550 A
-2 upo1 2 Aoz diHod, #4 e FA4EES 288 10%AA
pol H AL, 25% oA depolymeraseE©| upe] & Aol A
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-ob&el CFA f+d#ke] 45 A ¥3tE Bl AL oty 10=4 ¥ upel

=+

+ 1020 M upE A (+), 2520 A up E Z ()

Antibiotic (Aminoglycoside}  aminoglycoside phosphotransferase(putative protein)

-1.424096736

aminoglycoside phosphotransferase(M-acetylmuramate/M-acetylglucosamine kinase) -0.626968259
Antibiotic (penicillin) class ¢ beta-lactamase 0.262136284
aminotransferase(lsopenicillin N epimerase) -2.468658011
aminotransferase class v-fold plp-dependent enzyme (Isopenicillin N epimerase) -1.103298428
glycosyl transferase family 51 (hypothetical protein) 0.816435096
carboxylic ester hydrolase(putative protein) -0.1191566
nitrogen regulatory protein p-ii 2 (gInK) -0.168733447

}Antibiotic (polymyxin (putative 4-deoxy-4-formamido-L-arabinose-phosphoundecaprenol deformylase ArnD) -0.833544802
polymyxin & cationic antimicrobial peptide(Bifunctional polymyxin resistance protein ArnA) -0.66481923
polymyxin & cationic antimicrobial peptide(Undecaprenyl-phosphate 4-deoxy-4-formamido-L-arabinose tr 0435466754
ansferase)

Antibiotic (macrolide) efflux rnd transporter periplasmic adaptor subunit(Macrolide export protein MacA) 1.001310278
md transporter(Toluene efflux pump outer membrane protein TtgF) -2.85535168
macrolide abe transporter permease atp-binding protein(Macrolide export ATP-binding/permease pr
otein MacB) -2.480550796
efflux rd transporter periplasmic adaptor subunit(Macrolide export protein MacA) -3.08346262
multidrug md transporter(Toluene efflux pump outer membrane protein TtgF) -1.499816282
family multidrug efflux transporter periplasmic adaptor subunit{Multidrug export protein EmrA) -1.223821101
mfs transporter(Multidrug export protein EmrB) 0.019768587

<FAA WA dd FAAE>

-Aminoglycoside®} #HE 2719 FAA] A 25%0 A upo] Ho] oA
Els

gAe e A

el a7t ysk=

—ol A FAA L UAdo]l FHA leveldl A AolE H
(membrane 5)ol|A] 2ol 7t Q)& ujsitta & 4 98

—

Class Possible protein

Housekeeping glycosyltransferase (hypothetical protein)

mfs transporter(hypothetical protein)

Antibiotic (Aminoglycosid

g)

AgE Ay ge 5
[e]

MN

logfC  length

-0.00019 1293
-0.00016 1206

aminoglycoside phosphotransferase(putative protein)

-1.4241 1557

Antibiotic (penicillin) aminotransferase(lsopenicillin N epimerase)

aminotransferase class v-fold plp-dependent enzyme (Isopenicillin N epimerase)

Antibiotic (macrolide) efflux rnd transporter periplasmic adaptor subunit(Macrolide export protein MacA)

rnd transporter(Toluene efflux pump outer membrane protein TtgF)

macrolide abe transporter permease atp-binding protein(Macrolide export ATP-binding/permease protein

MacB)
efflux rnd transporter periplasmic adaptor subunit(Macrolide export protein MacA)
multidrug rnd transporter(Toluene efflux pump outer membrane protein TtgF)

family multidrug efflux transporter periplasmic adaptor subunit{Multidrug export protein Emra)

-2.46866 1182
-1.1033 182
1.00131 1088

-2.85535 1395

-2.48055 1974

-3.08346 1173
-1.49982 1470

-1.22382 1203

Antibiotic (multidrug) efflux transporter periplasmic adaptor subunit(Efflux pump periplasmic linker BepF)

efflux rd transporter periplasmic adaptor subunit{Multidrug/solvent efflux pump periplasmic linker protein

-1.47711 1254
-1.10231 1158

Mepa)
mfs transporter(Multidrug resistance protein Stp) 1.935488 1539
family drug resistance transporter -1.61339 270
family drug resistance transporter{Multidrug export protein EmrB) -1.34347 1358
Cold shock Cold shock-like protein CspD 1.680642 282
Cold shock protein CapB 2482828 212
cold-shock protein -1.1374 603
Major cold shock protein CspA 1.203778 210
Heat shock Small heat shock protein IbpA -2.78061 444

heat-shock protein

1.407595 123

<RT-target=>

—olAke] AMERHRE uypol FAI} ALES targeto®E tFA] semi-RT-PCR<
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O -2wt3}

W Fe A nE

r

| RT-PCR #& QC/ Zitg

[ort o [name

W0 10T 25T 257

AR AR Null 165 rRNA
===l
1966 1966 mfs transporter

EEETETY iccc | 4666 Aminoglycoside phosphotransferase
B | 6ss0 6489 Macrolide export protein MacA_1

m 9163 9163 aminotransferase

E o 9168 Toluene efflux pump outer membrane protein TtgF
I :::g 9170 Macrolide export ATP-binding/permease protein MacB
T o101 9172 Macrolide export protein MacA_2
B (o103 9191 family drug resistance transporter
BT (6106 9193 family drug resistance transporter

| 2036 8196 cold-shock protein Cold shock protein CapB_2
g It 8036 Major cold shock protein CspA

272 dna-binding protein Cold shock-like protein CspD
2849 cold-shock protein Cold shock protein CapB_1

<semi RT-PCR ZA3}>

-RNAseqe] Z23E EgZ2 gA&S AWdste A7ke W&  semi-reverse
transcrtion PCRS A A 319 &.

“RNAseq Hlo]E|sl RT-PCR dlo|ge] o]z} Aes EAglon], L£xsl Azt
o wel WS =4 Hol= ERAER 1966, 8036, 9172 (FH-24), 272,4666
(@A) S0 10%0]4 up¥ AL}, 255 upol ol Lm/A7ke] whe} Wt
2 Holt Ao WY,
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Pseudomonas 10 O O . CspA: 105
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*+ Cold shock CspD: 25k up

Pseudomonas sp. 10 O X
Bl 25 x o « LM 2 psychrophile®| A Kanamycin

e e L 40] 250 A 223t AEAS
B14-8-1 25 G o =29l
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cichorii 25 « o

<PsychrophileE9] &% w& A WA 23>

Pseudomonas fluorescence Pseudomonas resinovorans

aFF 2= I Km Cm| Amp Spec | Tet Van Ery
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# 25 x(dead) O O o) o) o e} o
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Pseudomonas putida o o o o o o o o o
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fluorescence 25 O x O O % (i) (@] 8]
o | 25 P ) G 0 ST i g 0
Pssudomonas 750 e ol 7 o x o o o
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Figure 5.
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Fig. 3 Recombinant E. coll salt concentration
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Enhanced tolerance to
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cyclopropane-fatty | S 2020 909 A= -
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synthase (cfa)  from | G

Halomonas socia

Production of

gamma-aminobutyric

acid from monosodium | K ORE AN

glutamate using | JOURNAL o )
Escherichia coli | O F 2020 nAEs 53
whole—cell biocatalysis | CHEMICAL GABAA A}
with glutamate | ENGINEERIN

decarboxylase from | G

Lactobacillus brevis

KCTC 3498

Fructose based hyper | INTERNATI 2 PHB
production of O N A L o
poly-3-hydroxybutyrate | JOURNAL 2020 929 Bt A
from  Halomonas sp. | O F 1
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YLGWO1 and impact of
carbon sources on
bacteria morphologies

BIOLOGICAL
MACROMOL
ECULES

Production of
L-Theanine Using
Escherichia coli
Whole - Cell
Overexpressing
gamma-—Glutamylmethyla
mide Synthetase with
Baker’'s Yeast

JOURNAL
O F
MICROBIOL
OGY AND
BIOTECHNO
LOGY

2020

785

HAPES o] &
3l L-theanine

R

Selective  extraction of
glutaric acid from
biological production
systems using n-butanol

JOURNAL
O F
INDUSTRIAL
A N D
ENGINEERIN
G

CHEMISTRY

2020

98

|
sk glutaric

acid A2+ #

Decreased Growth and
Antibiotic Production in
Streptomyces  coelicolor
A3(2) by Deletion of a
Highly Conserved DeoR
Family Regulator,
SCO1463

BIOTECHNO
LOGY AND
BIOPROCESS
ENGINEERIN
G

2019

613

WAEe] Fa

regulator &

Poly(3-hydroxybutyrate-
co-3-hydroxyvalerate—co
-3-hydroxyhexanoate)
terpolymer production
from wvolatile fatty acids
using engineered
Ralstonia eutropha

INTERNATI
O N A L
JOURNAL
) F
BIOLOGICAL
MACROMOL
ECULES

2019

370

MAEe ALE

st PHA A4t

Increased Tolerance to
Furfural by Introduction
of Polyhydroxybutyrate
Synthetic Genes to
Escherichia coli

JOURNAL
O F
MICROBIOL
OGY AND
BIOTECHNO
LOGY

2019

776

Discarded Egg Yolk as
an Alternate Source of
Poly(3-Hydroxybutyrate-
co-3-Hydroxyhexanoate)

JOURNAL
O F
MICROBIOL
OGY AND
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LOGY
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Chitin biomass powered
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BIOELECTR
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Y
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107329

One-pot exploitation of
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simultaneous production
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microbial fuel cell using
novel marine bacterium
Arenibacter  palladensis
YHY?2

JOURNAL
O F
CLEANER
PRODUCTIO
N

2019

324

Effect of synthetic and
food waste—derived
volatile fatty acids on
lipid accumulation in
Rhodococcus sp. YHYO1
and the properties of
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ENERGY
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N AND
MANAGEME
NT
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3+ hiodiesel A

}‘\_]__

Treatment of
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122472

=
o

BES ALE

rob
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Production of
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and PHB from
recombinant Escherichia

DYES AND
PIGMENTS

2020

107889

=
tlo

BES S
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indigo-PHB
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A clean and green =S AL
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fatty acids production in TECHNOLO 2019 121383 )
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by medium engineering A}

Production  of  glutaric ENZY ME 23 1A
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acd by 1obust | \ieROBTAL | 2019 72 e

whole-cell  immobilized TECHNOLO 23 glutaric

with  polyvinyl alcohol GY -

and polyethylene glycol acid A Ak

Enhanced production of

cadaverine by the

addition of hexadecyl %N ZNY M ]%: v A &S o] &

trimethyl ammonium } .

bromide to whole cell ¥]£CC%%BOI€IG 2019 58 & Cadaverine

system with regeneration % A AL

of pyridoxal-5

'-phosphate and ATP

Production of glutaric

acid from S5-aminovaleric | ENZ Y M E MRS o4

acid wusing Escherichia | A N D = ©

coli whole cell | MICROBIAL | 2018 57 St glutaric

bio-catalyst| TECHNOLO A

overexpressing ~ GabTD | GY acid Y

from Bacillus subtilis

Whole -cell v ey wA

Immobilization of BIOTECHNO } = o
. ... | LOGY AND = o] &3k

Englneered ESCheI‘lChla BIOPROCESS 2018 442 = o T

coli JYO001 with . : :

Barium-alginate for gNGINEERIN itaconic  acid

Itaconic Acid Production
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Poly (3-hydroxybutyrate—

co-3-hydroxyhexanoate) | INTERNATI nAzEs 4§
production from| O N A L EBARBYE
engineered Ralstonia | JOURNAL o=
eutropha using synthetic | O F | 2019 1 71 49 $7)
and anaerobically | BIOLOGICAL Apo AL
digested food  waste | MACROMOL o= SIS
derived  volatile  fatty | ECULES PHB A4
acids

Polyhydroxybutyrate | BIOPROCESS

production in halophilic | A N D PHB A4k 3l
marine bacteria Vibrio | BIOSYSTEM v oo
proteolyticus 1solated | S 2019 603 ¢ mMAE
from the Korean | ENGINEERIN =

peninsula G

Lipase mediated | INTERNATI

functionalization of | O N A L

poly (3-hydroxybutyrate- | JOURN A L PHB
co-3-hydroxyvalerate) | O F | 2019 117 -

with ascorbic acid into | BIOLOGICAL modification
an antioxidant  active | MACROMOL

biomaterial ECULES

Carbon dioxide capture %ENEWAB(%Z‘ AEA 2
and bioenergy production . g
using biological system ISJ[EI Sgﬁéﬁé@ 2019 L TR oltsd
- A review REVIEWS A xF

Recent developments in a1 AE=Z
pretreatment technologies . =
on lignocellulosic EIORESOU% > biomasss
biomass: Effect of key 2020 122724 e £ 3}
parameters, technological ’(E% CHNOLO ©
Improvements, and pretreatment
challenges IR DA RS
Bioconversion of plant Plant biomass
biomass hydrolysate into | BIORESOUR =
bioplastic C E | 5019 206 hydrolysate=
(polyhydroxyalkanoates) | TECHNOLO Al43 PHB
using Ralstonia eutropha | GY =

5119 % Ny
Biowaste-to-bioenergy | ENE R G Y | 2018 640 A EsA o] HF
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‘?_
Utilization of different
lignocellulosic ]OURNAL EHo]: OF/H B]
hydrolysates as carbon | O F °o
source  for electricity | CLEANER | 2020 124084 AES ALE3H
generation using novel | PRODUCTIO A7 AL
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Control Clinical
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