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o #F= Ramanome?| B37t 3X| &2 8HH, J1E 0N dF= JtE = LfolM X|Z 1} chel
Zlo| B7F, ofo|icdtel BT, aAte] Zha So| AIE LIEM . Y 2ol 7[Ee AFZ R}t F4A
stod 2iEt EEHE 0|85t0 =& FFE EdF oFo MeldHol EMHo| B4 Jtsdt Aoz Hel

PEG treatment - Control
Drought-tolerant bacteria

A.piechaudii Variance : 2.7

A M
AAAAA e —WM%"M Ol oMotz e oy e At AAL —\Vr«—ﬁw-q_;_‘,&»wfwv&w@‘:@WQ, e

A.halopreaferense 1.4

< S tga A AW e 'A,\:.v’h'iﬂ-“w« s g A p o it Aoy ol b by, ‘w_r,.w,mwww -

= A.chlorophenolicus 0.9
5 vy " . A
: R s A M‘@M..'~._vWﬁpw\w«wﬂwm,.-wW\‘v 5 Wﬁ\ﬂx"’»m»&w»m.wmﬁ\ VYAl - - - -
Z Drought-sens e bacteria tProteln, Lipid
= < Protein Protein
ohydrate Hete Nucleic acid
R.soil acid Aromatic 5 . 3.2
' Nucleic acid A Ay, cOmpound ., Amide m Nucleic acid
Vv S Y A p— Pt R e b ) T USRI, b,
4.7
\
Yy \ £
W
‘ 2.9
w WA -
AW = £ Qs .
(Unit: x E7)
600 800 1000 1200 1400 1600 1800

Raman shift (cm”)

g 10, Zte=dodMel thx 240N 752 RamanomeZt LEF=Z40M

S| #3F°| Ramanome X}0| H|I

HEIADHPFS JhE Mol e Seles Ju BN B ME Y

Sz A
JIE2EUAN FFE MESH| QM= 712 oA o|ME9| ME|X SN 0{EE mEE 4= Qe T
0| 23t dutd oz F5(D,0)7F TN Jes =2olM o|d=o| Mo UAS M, Mzel X|
Zo| =47} Deuterium (D)2 x| gt=|0] 2fok AHER Lf CD peak (2040-2300 cm™)7F A{EAH Lt
ElLIEZ siE peakE &&5t0] n|ME &M ofF HCio| JtsE

>

m halopraeferens
BiYZEA: 3ol &M "IHE flo HEEADHATE AR ME THs BAME.  Nutrient
broth (NW): TH@ =71, PBS buffer (PW): BIP2F=71, Soil extract solution (SW): EQFAIZ=ZA S
2t Mol ZSFE 40% TSt SU(ND, PD, SD)oll 2tzt HBoto] =[A v 2T0lM 12A| 2zt
b

24A|Z2F F0o Ramanomes &EE

M FIt g CD peak? MM MTE CD ratio2 HEHsto CD peak ™A/ (CD peak HX +
CH peak HAM)o 2 AHAteH g3l &Mt 2HAglo] 8 Uf =Xst= 571 832 M=o olx=
Asks Eolsty| flal ZELHS|I=E2 NYst 40| gle O0FE HxZoz MEE. tixZe Z
ke 71ECZ O o|A9 ke THKE AlRE 40| A= He 2 HCHE

ST/t TEX] Z2 WM v ke AIZ(NW, PW, SW)ECE S57F £¢ 4 2
Z(ND, PD, SD)°| CD ratio?t ixz O £2 &2 ERCLt =2 CD ratioE 7|E2 2 it



M A. piechaudii 5= ND Al22t M8 &S EU A halopraeferense ND2t PD A|20M M S
HXgg moe = AUAS. F e FF 2FoM M o{FE HEtstY|ofl Nutrient brothE At&st=
70| Metst ZHe 2 HetEof Jhg ZAoA el ¢ 73 =AM "I AFo| Nutrient brothE &5t
Zl2 & (a8 11)

A.halopraeferens

0.41 0.41

CD/(CD+CH)
CD/(CD+CH)

0.0

2.5.2. ERALATYAFO It UMl wE 5 7|8 4 HIt

-HEALADHAF 5 7 WS 23 383 7t UEN 73 35S 7t =4 UdoMel &M "ot
£ MAlEH BF 40%2| Nutrient broth2t JtE =42 =4Mst7| fall &% 40%2| Nutrient brothd|
PEG 25%E E&tet 80| 2 o#F& S5t 2442t = RamanomesS &2

- 7tg WA dF 3852 et o F =A(H2M)0t JtE =d (WZH )M = CD peakZt LIEHCE HhEd
7l M A3 352 et =AD EE| JHE 2FolM= CD peak?t &2lsZ| ol E (OE 12)

- SR (EF)E 0|85t #F2 7t WA o{FE moter = AZS Zelg

Drought-tolerant bacteria
W »&A/
A
A halopreaferens ‘\
/\ A

A chiorophenolicus| A {‘ |
"'\\M‘}NA\" \ Ll

Drought-sensitive bacteria
/i
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800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
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2.6. 22t 2o|X & £&f

2.6.1. =gt 2lo|x &Zof Hghet s2lol=E 2k M=

=
- Single cell sorting0| 7ts¢8t 242t £2(0|=

£ HZs17] @M= i) 22t o] X7 EotE[HA 2het
Mol M2 £2tol= A, i) S2t0|=8 FosAM oldE |7t &l Vs HE te A

2atzid o] M2 &2tol= FE A A i) Pulse laser2FE 0|ME oA E uix|& = Q)

=g Mol B

- ITO =8 £E2l0|=0olM Long distance objectiveZ X et 0|4 22| 22t AHEHS A=Z0|5 2
£2l0|Eo0lM & 2fpk AHEZ 3 W Al Phenylalanineg H| =&t 2} 2

0
o 2
o
0z
=
10

Heo| RAlSE HEfE Eol= W2 &2l8F. Raman shift 1000 cm™ 0|ste] FZHolA] HX
Ool= Folst ==9| xf0o|= OfL{2 2 Long distance objective A}2 A| [TO ZE &2}0 g2 0|
7s&

Aluminium coated slide

.= Quarzt (1 mm)
oy

— - o~
e ITO (100 nm) Normal objective

TO coated slide

Long distance objective

Intensity (a.u)

Used strain : £.coff strain HB101K-12
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
Raman shift (cm™)

O8 13, 2 AF&o| M=ztst ITO 28 £210| =2} Long distance objective &g+ O]

t
oIx[(21%) & &2tol= & 2t AHEH(QER)

2.6.2. 0|d= EE Al AL JlsE 0|d= ZE Chip M=t

- Single cell A&ollM 7t2F Folsfiof e M2 2&F

'?I'

=] —
LX[5H7| I5t0d i) S2I0|EE 2/ F LYCE EostHA, i) EatE o|dE2 cell lysisE efatstl,
i) chEel EEr e g SAlol Zde = As oldE ZX-E chip MZE0| 2R

- Chipel &t (E=3

MAL20| 7h=8t Polydimethylsiloxane (PDMS)E =22 MAHSHE 2 (72 80 mm,
MEZ 25 mm, =0| 5 mm), Chip ®/dl &2l0|=7} ettt = LE & = JAEF C|AIsto] 2f 2

2 B3 + YTS CixlY

— 1709] Chipoll o|ME ZZ& Well2 24 2 mm, 40| 3 mm=Z HMZ5H cell lysis bufferg 2.5 ulL
Fostozn EFETIHOIML| MEZ EAS(cell loss rate)E WHEL, cell lysis 282 € = U4
ek st well 2 2H4 8 6 mmZ, & 3070 & ClXfQlsto] EFEMIIHO|M e WAIRY S wX|er (Od
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Continuous laser (532 nm)

Pulsed laser (532 nm)

Slide

Metal oxide
PDMS

Cell lysis buffer

13 14, 0/ME ZF Chip BAE (F) 2 A (22F)

2.7. Pulse laser && O|ME EEF 7| 7He 2 HYUM "I}

2.71. D|¥M= E= J|= e
— Green fluorescent protein (GFP) &8 F.co/f K-128 DX ITO ZE £2l0|=2f n|ME
Chips 1™A|Z|22 532 nme| Continuos laser2 22t AHEZ ZZX35l0d Single cell ¥I%xI&

Jok He
o

- Z2 2xle n|ME2 M2 ZE 532 nmel Pulse laserg ALEsto] EH&2 AL & 0, modulation
mode (EFH=EX ZA})/ Continuos mode (X|&X ZA}), Continuos laser power 7[& 1 mW/ 1.5
mW/ 2 mW, Pulse laser Z=AF A[ZF 5%/ 10/ 15% S = & A2 S5l Cellol atefet &2}
ol =Y HMToll uet &2 MEIF &2lX|o 10X 0|4 laser ZAF Al A5t £2|7F H0o{X Single
cell =Z2| &=0| oS golet. 2 EM2Z Pulse laserZ 0| = &= Al Modulation mode,

5x

m

H St
==

A

M
rx

Continuos laser power 7|& 2 mW
| ZHL2 £ colel &Y MEZE 25
7

gtel 7kse (28 15)

=l
f
S. aureus
i ™\ e W/\W\MW»N\A/\/ \f\ JM'/\W
%WM\)\M\A/\/\/\/\A
10 um
—
1000 1200 1400 1600 1800

Raman shift (cm™ )

- aureus("HZHM) R} £ coil = 2HAY)
1

ulse lasergta ©H MlEZ EHEF MEF "W AR (of2))

10
e |->|

2ot selol=olM B M=o BHEE EXE |ete
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i1

3

b
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|
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o
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x
o
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=
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2.7.2. 0| = EE (s E2A HIL

— E. coli K-128} Staphylococcus aureus?t 1112 ZEHE A2 E A2 £ coli K-12 20712] =
M=ZE D7l 2ipt AHEHZ 7|Fo2 BEAZ = cell lysisE &0[stA st7| 2l5H freeze&thaw
cycleg —-80 CT(4=11) 2t 65 C(water bath)olAl 2 cycles 2t=3st1l alkaline lysis& ?lsi D2
buffer (DTT + DLB buffer)& €2 % 65 C(water bath)ollA 1027t 2H%]

— Multiple displacement amplification (MDA) 7|2 S 2 cell lysis = A|22| gDNAE %%?J =, PCR

Sofl et M tfatel 16S rRNA F& AL (V4/ V5 region), E. coli K=12 £0] 16S r

2t7t BEsjof 25 MU HIl S MES 203 g

oot

un o

— Negative i =222 D.WE AlE359 20 Sorting Al WXLY ofBE misty| Qs #FE2 =Z
st=dl AF2E Well 2o 2 Well LHE2| cell lysis bufferg =2 2 X|X5t0{ MDA Al2ke| @
HH T2} sorting ZHEHMAM S QLEHETE A HrtE

- MDA 7|Ho =2 A|Z°9| gDNAE X5t 21, ti=2& Z&st ZE A|Z0AM 5F0| g2lE (DNA
=T 2F 2000 ng/ul). o= MDA Z}EOIM primer2 AF2El hexamerZt 74 2 slAto| HA3H7|
m=o MDA &% ZIl0to 2 cell sorting 0({F & EESH| O{z{R 22 HIEA] PCR A&0| ZdlE|

ojof gt
- PCR 21, ti=dolM= 25 16S rRNA R A7E ZXY SHXA|
Mol wxh 2¥E fle A2z BHEN, £ coi K-128 =
o H

FEAI ZHES BHoI5HD

F2 Zdo 2 2o} sorting Ag mHHO|
2 BHEFSE Sorting AIEOHHE 1

Negative Positive Sorted Sorted 16S rRNA (V4/V 5)
(Water) (Ecolik-12) cell 1 cell 2 100 b Negative Positive Sorted Sorted
P (Water) (Ecolik-12) cell 1 cell 2

K-12 (K12L/K12R)

Negative Positive Sorted Sorted
(Water) (Ecolik-12) cell 1 cell 2

100 bp

g 16. Al2 & MDA &% ZzH(e %) & dut MTF chate] 16S rRNA FHALRF K-12 £0]
MA 5= AIHLEZ) (Sorted cell 1: S aureus, Sorted cell 21 £. coli k—12)

2.8. &4 A|Ro|M EEE ZFe 7|54 REUA 238 H HEXKE 24

2.8.1. 231 A& 2| Z2d A= HMCR o4& e 7| HE
- wo| 23 ED

} Cryosectionst #2| = MH g ZtZH ITO £2I0| =0 DX A7 Pulse laserZ 0|4
=2 0|ME EX Chipel Wello|l Et&5H0] (2] 28 EQF E =
f =,

(
M2:N1, 2, 3 2% 0|42 ZED 8RO =M

H=
[
- BE A|2Z PCRE #8510 16S rRNA REAIE SE5I0{ A2 WY 0|dE 28 242 sd< o

_12_



HEM AIZY 2™ F) (38 17)
- ARY 2O E HIHC R SHAAEE a2 2F 25 759 &8 iR E &l Jtssty, 22(E
4T 23 0|42 2R HuE Sl 7= S5l Al o|ME U2 {FE 45 olF
PCR control MDA control
100 bp Negative Positive Water Iigsri\ll:gl)e R1
8 17. Pulse laser2 gtz #2] 2A3 FF(R)2 #el 5 WWE 2FF(N)2l 16S rRNA PCR
21t
2.8.2. 7|sd ®&X 238 Z2lo|H H AMFH=Z MEH
- R EME8 7F MY FF CISE 2td A|Z0lM EEMEl FFo] DNAE HHMC 2 7|sd 74X
AHASMEET U 2t AE A MT) &7 R E HIEHCZE |AUAM EA&E 0FE MEE
— F10i LIERAH HERb 2Ol nifHRb TyrRot 22 MEME FHX | 290, ProP, ProT, AgpZ, TreS
So HEAEA MZ A Z2j0|H 470 E MEsI0] HEAZLt U E ITE MR M
=4 e (1)
1. 714 |RUX Z2lo|H
O M A} s IZato] Ref
) . L . ) John Christian Gaby et al.,
nifH  Nitrogen fixation nifH_F/ nifH_R 2012
Biosynthesis of indole acetic acid 1 YT R _F / Saul Jijéon-Moreno et al.,
TyrR_R 2019
Doreen E. Culham et al.,
ProP  Osmoprotectant uptake proP1/proP2 2001
ProT  Proline transport P1U/P1D Jibao Chen et al., 2016
Maintenance of cell turgor and Giuseppe Calamita et al.,
AgpZ , GCBU3/GUBU2
osmoregulation 1995
TreS  Trehalose synthesis TF1/TF2 Ling Jiang et al., 2013
2.8.3. 4 AR W 78 Hd ZFFe FHA 4
- e 2 EQ 52 ZF It EHEE =AM T T NycondenzZ EQF #FE EElg B2l 2FE
Pulse laser2 E&tstl & A5 F 7|5 A 78 ol MEE 4F 852 7UAM 2M2
el et
- R8A 24 21, MESH8E FF0A JIE AERAE NUAIHATE 229 MEM S AT
= 2AF OjAAME 28 X XH(Trehalose, Proline, Choline)& Ctg E-/st 2ni 852 30l

Trehalose, Proline, Cholinet

[

e sdet R MAE SRS
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Osmolytes Phytohormones
<&
S SO
e & Q &
@%“")(:@%@?% £ @ @"2’0“1%‘%‘?
T ec® 65‘-2,@"’(‘1"%;42’% S &“06;\\1\‘9@6‘%?;‘@;"%
SN O 2 F T2, R & R
S SEF TN
Sphinobacterium sp 205-
Paenibacillus sp 312~
Pseudomonas sp 48-
Pseudomonas sp 397 fo
Pseodomonas sp 208- 33
Pseudomonas sp 133- l 49
Arthrobacter sp 408-
Stenotrophomonas sp 822 - ' ‘
O8 18. 7t WM 2 ASMEEE FAUAMA Bl 24
=
2.9. =23#H AlZ 2|2t o[o|dH &4
A = L —
2.9.1. 2t o|o|Ed 7| &8 Jt=sd Hot
- H2] 5 R old2o MefX|el ¥ M| &M Xto|E 2igt o|n|d J|&E
meishy| flsf Aes AT Bo AZE9 HEl 52 40% S5 W0l ZehEl dix|of i
Cryosectionstod #2| =9 ciig 2i2t ojo|d 7[&2 =Algt
- 2 400 um?2| X E =X 35t T Raman intensity 7|Bt2 2 Phenylalanine peak (1003 cm™), CH
peak (2900 cm™), CD peak (2040-2300 cm™)& Ztzte| o|o|Xx|2 LiEtd (O 19)

—
o T
LIEFS® Lt CD peak O|D|X[= AtO[7} = A2 Hot 452 X8 &49 0|7t
St & ol
= T A=

a8 19. #2|
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PEG treatment

(HO+ad)/ad

3000

Raman shift (cm™1)

A

=1}
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a8 20. 7tE=A W EY #F Ramanome?| CD H|E ZHRZH)

EQF 8 AF Ramanome?l CD peak(22%) H|ul

2.10.2. 7k 44

CD H|E0] 0.112 7|Z22 o @F(CD H|E > 0.11)2

=2
=

£ Ramanome

=
=|

32| Ramanome

— Z+
=

AL M= £&42 2 Ramanome £
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E35| Amide Ill (1254 cm™)2} Amide | (1650-1680 cm™')2| xto|7t 2 HE &olgr (a8 21). 7t
B UM FFo| =2 cldMe cldst 37t 78 WA g 7138 oolgr]e r

o = =

A
= 7|2Fef xpo[7t ch At XA Fdoll F2ot 74 M2l Amided| Hate| £2 J|HE JtsHE

Al AbEH
O Sensitive ©
@ Tolerant
01y
£ @ _
I . |3
N - - . =
< . — 5 z
T . o
O Sensitve Toleant ] (3 0 _2
n' -_—
00 @ o®
o * g@
® g []
-0.1 O
02 'y o5 L
Raman shift (cm~1)
PCoA1

a8 21, S32 3 F Ramanomell PCoA £4(21%) 2 W SIMtAHERH (RLEZXR)

- EY AR ZH 7t WY 2F9 N S "l wsty| st7| 215104 2 Ramanome2 2 FE CD H| 0|
0.112 olatel AHEHS MHsto] CHHFEAS $3E (7 22)

- 3o EY AE(Z2, SFF2, IF1)oA & 58 RamanomeO| 0HF FAbstl CtE 2712 EQF
A2 (21, S51)0] .2 XA} 40[8t Ramanomes 7HX| 11 JUSS &el. 75 A2 cieky
Oof EY o|&EXM0|7|L sHX|CH #FE 3 Fotl AUASS AlAlE

0.0

PCoA2

I
Bl

—
e

00000
Ll Jo Jo oy o}t

Ao

-0.3 -0.2 -0.1 0.0 0.1

PCoA1

a8 22, sdX EY Uf JtE WA FF2] Ramanome PCoA &4

o
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2.11.
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of

2.11.1.

B (260+200*360

AH
(=]

il
Kr

i1

mm

=
e

60%, dark)ollAl 4

A
(=

60%, 17,000 Lux, night: 12 h, 15T,

A
(=

Hday: 12 h, 25C,

AH RFA
o o o

=]
=

— Al
=1

72 50 mL (3%<

il 3CO»

I

=

B 2f

CHS, 6 Al

P

2 1800, 7tA 15 mLM F¢

He{ol Al AU 22 Al

EE
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Ny
of thd Al =4 g , 21,2, 39 23 EQF Mo o
967 cm™'2 HstE ABERo0| of 1%0(2ro|A oLt gy 40| 2 B FFe A+ 17%H el HY
gapd @37t 967 cmTollAl LiEHOl et gt 47F AlZe] M 7T PCR EX|Shs =X

Intensity (a.u)
%

400 600 800 1000 1200 1400 1600 1800

Raman shift (cm™1)

11.3. 7t& ZHoA S/HL & AlE Hdd & 23 737 22 & df
2 AES SFP1” ELOM 4F 2H il F 4 A S0t g =S RAISHF, UH 4)2 ofy
soleis EX 8

507l ot2 B0l AE 23 320 2H EUS UM 2H BF MEE 21U 2rEo
2 EHstof fdeetd Z 371 estEl #F(1003 cm™'> 967 cm™')E Pulse laser2 PBS buffer?}
£tZl Sorting Chipoll Ef=tgh. 1/10 TSBE Well plateo] Flstl E&tst #3388 £7 21 53¢+ 3
ocol siet (F7[H22 TSBE Fsto] v Fulg =HalE) (A8 25) HEIH ZotE well
[e) vale}

| B2 1/10 TSB7F ZerEl 100 mL S2tA 3ol Ao s ket

(==}
22l8 FRe FAH RN AAES 717 08B BEot M SNS HOIE| 250 SYE £

Continuous laser (532 nim)
1
Pulsed aser (522nm) |




2.12. JI2=Ho|M AlE HNM &AM FF

2.

2.

ME

| 24

pall

2| 2 S

M

ra
o

H oY AE AN

02
¢

CHAF B2 &M Sphingobacterium

Mo
.

121, ME dAFo 7
sp. DR205
M JAFo| REAM EME2 E& Sphingobacterium sp. DR205 w32 thAl HE2E ujotsh
Sphingobacterium sp. DR205 @52 EREE 3! EZEL Al REA EHAET IAAE MAtst
= RAEXE JIX D U2, MAE AAE TIE AEH A oM AZo o2l £F2 =ESt0] AZ
of MEZ FAAAFE A2 Leld US
Sphingobacterium sp. DR205 #3&= A=22 o€l
HHE FHEXE JIECZMN IAA MAO] FEEO0] 2
)

ST A olgdll a0t Vs (" 26

Plant cell
Indole-3- 1-aminocyclopropane

Tryptophan glycerolphosphate -1-carboxylic acid (ACC)

Thiamine synthesis r

Leucine
TPKL,thiE, thiF, thil AcCC toibaising
rimM | ACC deaminase Valine
2 —
Chorismate .
trpE/trpG : Ammonia+
& ' acid (1AA) E thv_lene
g Anthranilate o ketobutyrate .
L) ]
= trpD
o r - h,
c N-{5"phosphoribosyl)- \_nitrilase
= anthranilate g 5 Urease synthesis
™ L \
B + trpC trpB 1 Ur;D =
Indole-3-glycerol indole-3 g BBy SLpLAIL
: * Tryptophan «——» fuf - Indule_ 3. UreE, UreF, UreG
phosphate -acetamide -acetonitrile ¥ t

% 26. Sphingobacterium sp. DR2050F2| AlE MZAF 2H HAIE 2

12.2. RNASeq &8 7t & S zHoMe| &M UsH &4 Sphingobacterium
sp. DR205

JtE ¥ AE 34 =AM BHE

DR205%} P. fluorescens DR397

), gelaEH3 20% PEG (7

RNAE FZ&5to ROUA L2 ol

JtE/SYEHAM LR AT FHA F AZ of 2l 2 7|&I Mol =2

=tZo |5t LIEttend O & EEE A (Tryptophan biosynthesis) 78 & A 2

k. Sphingobacterium sp. DR2057} 7t Z=Z40lAM A2t SME I A2 Y30 =

= WS AlAE (38 27)

Aoof 2ot A Iglol JtE =AM LMol Tryptophan CHAF TpMoll 5t FX A A

TolotA Bt A2 Hot 4
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Tryptophan biosynthesis

Indaote
| —
Tryptophan synthase

v
Submit alpha beta chain L-Tryplaphan

—
"~ 3-Indoyl-glycerolphosphate
! —
N-{5-Phospho-f-D-ribosyl}-anthranilate
y —
Anthranilate
— —
Cherismate

Prephenate

Phenyl-pyruvate

T—a
4-Hydroxy-phenylpyruvate
v v
Phenyl-alanine Tyrosine

- =

L-Arogenate

a8 27. Sphingobacterium sp.

Tryptophan metabolism

N-Formyl-Kynurenine

L
Anthranilate

=== Significantly Increased FC
Non-Significantly Increased FC
=== Decreased FC
Q@
EEught
{2) Drought in symbiosis

v ——
3-Hydroxy-anthranilate +C
v
2-Amino-muconate

v

2-Oxadipate
| — —
v

Glutaryl-CoA
| — —

A
Crotonoyl-CoA
| — —
v
(5)-3-Hydroxy-butanoyl-CoA
v ——
Acetoacetyl-CoA
v ——

Acetyl-CoA

L]
Glycolysis

linate

L

A 23 2=

- &5 25 2Fe 8, 22l HEel, ErflgzAo Mety CHALRL ZHHAEl Sphingobacterium
sp. DR2052| F™AAZE 7IE W A8 =8 =0 REAM L& 2ol ciz=of vlsi =ci 8uf 7t
7tol E7tstoll et Sphingobacterium sp. DR2057F 7+ Z= UollAM AlE2o| MZo| 28 &
A2 sels (1Y 28)

Gltamine Glutathione disulfide
3 | — === Significantly Increased FC
Arvitonis G‘”'a"""ff 0 Non-Significantly Increased FC
fomptiiemms " o TSy === Decreased FC
20veglitarate ——» Glutamate Giycine L-Glutarate
v R-5 Cysteinyl-glynine
N-Aceatyl-glutarmyl-P ’ ‘—ﬁ‘)..@—
— - A — (1) Drought

v
N-Acetyl-glutamale semi aldehyde

“ . o
Glycine Cystine {Z) Drought in symbiosis

N-Acetyi-omithine

Cinl:ulme e

+ » Omithine ——» 1.Pynoline-5-carborylate
Arginina “ +

| & Agmatine Proline + L-erthro-d-Hydroxy-2-oxoglutarate
Urea — —_—

v
1-Pyrreline-4-Hydroxy-Proline Hydrexy-Z-oxoglutarate

T
Ascarbate

a8 28. Sphingobacterium sp. DR205 @32 7 W aMxTHo|Mo tAIEZ
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- MY g3 M8 2ME8 E P. fluorescens DR397 A F9|
DR397 o3 =t 22, Z2|Al HElRl, ERgzA S1p 22
X AZ (3 29)

Transport systems for compatible solutes (Amino acids):
Uptake of osmoprotectants and synthesis of glycine betaine

Glycine betaine Glycine betaine ) Sodium
Choline  Choline OpuA Proline Profine

opuc BetT  {OpusA.OpuAB,OpuAC) oput  Put Gaga

| | 1
aw aip e %ﬂw T 1 T
}
non | b ace aoeg | haoe

. Mechanosensitive
Glutamate synthesis (g8, gD} channel

Chaline = =

Mt

MycK/MscS

Mscl

] -~

Pros Glutamate S-kinase
Gb3B | Chotine cenydropenase

proa | Sammaglutamyt
hosphats reductase

Gbhsa | Betaine aldehyce L

dehydrogenase y-glutamic sem| a\ﬂlzhvdc
Glycine betaine it

CHAL &

|-$_I

. P. fluorescens

=
=
Metdste FUAMAE 7t

Transport systems for compatible solutes (sugar):
Uptake of Glucose, Maltose and synthesis to Trehalose

Glucose
polymers

Trehalose Maitose

w8
malk malk
»

)

/

/
/ Tres

/. Trehalos
4 am

7

-

ProH cnwaf-\r eductase Trehalose
Proline blosynthetic route
a2 29. P. fluorescence DR397 @F2| LAl A2 2 =& AlAH
2.12.4. RNASeq & 7l ¥ SMxHolAM e MM s EA: P fluorescens
DR397
- 22, 22|l HEI, Ey A SN fAIZE 2ol 2osteE FEAMAE JIE/2M =Ho|M ghslzt
o] ®elotH &7l XI2t 7t =HAME= S716HX] K-S, WetA P. fluorescens DR397= A=}

SMEozM ARl JtE AEAE EAIIE T22
F

e Aoz WOE (2 30)

— P. fluorescens DR397 EEBt 22l Z2|4l HElel, Er|g2 A9 Metad S CHAIRb 2HHAE FXA A
7t 7t U AlE S =AM RAAM 2SS0l thxEa chy| =i 88 Ziuto] EIHEt
— P. fluorescens DR397+ 7t W A& M =7i0lM LX|HO|E 3Dt chemotoxisis#El 7=
THAZE =[Ch 8ui7bX| BIHEE. ol st RAALSO0| Z2HMM AlEe 4% £A 2ES st AR
mEE (38 30)
Compatible solutes (Amino acids) — Sigrificantly Increased FC.
Proline symporter Ethanolamine permease Non-Significantly Increased FC
_ — | [l lex] — ::ecreaseaFc
Proine Choline RUTCE
| o [Toer bets [ beta ] D Drougit
aidamate — @ Drougtin symbcsi
Glycine-betaine
— | o] [ee] Compatible solutes (Sugar)
Sodium Antiporter Oimetyalicine
—_ o — l @ Glucose palymers uptake Maltose
g N Sircising v et g
= A{1-4) glucese polymers p !
Mechanosensitive ion channel Fppire A e il
e [ [5G | | Maltoo\igoiyllrehalosef/_- i'i
Trehalose ¥
7 30. S fluorescens DR397 #20] ofn| Al T S A A A
- #8A % RNASeq wUA el EM2 &all Sphingobacterium sp. DR2052F P. fluorescens
DR3970| 7tg &ZolM AlZ9 JIE MEME Z7HAZ J7tsM0| =ot 7tF EEolM A= M
s3ste e EYE
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2.13. Jte=ZolMel EeF HEMX|

O
AT
=
0
=
X

7 6) A
sequencing= 2l &t BBTooIs% 2835104 Quality control& ZI&ist £ MEGAHITZ Assembly
st IMG/ME 2 Annotationgt

213.2. 7}2 WM FFo| 2jot Eo|MI} EQF 75N SAAIete| AtmbnbA H|W

- O|™ AEolM Sortingst 7t WA #F9 M oA 7154 =ZE(IAA, Cytokinin, Trehalose,

Proline, Ethylene, Glycine betaine)2 MEist 2 2HE FHEXIe EFL Bl Jig WY
2

T3 H 82 SJEeAE vlus (&

* 2 7t Hd o3 7isd =2

Type Products Enzyme and genes

Betaine aldehyde dehydrogenase (betB), Choline
dehydrogenase (betAd), Choline oxidase (codA)

Osmolytes Trehalose synthase (#reS), Trehalose 6-phosphate (T6P)
synthase (otsA), T6P phosphatase (otsB), Trehalase (treA),

Glycinebetaine

Trehalose Maltooligosyl-trehalose synthase (treY),
Maltooligosyl-trehalose trehalohydrolase (treZ)

Proline pyrroline-5-carboxylate reductase (proC)

Anthranilate synthase (trpE), indole-3-glycerol phosphate
Indole-3-acetic synthase (trpQ),
acid Anthranilate phosphoribosyltransferase (trpD).
Phytohormeons Tryptophan synthase (trpA, trpB)
Ethylene l—amlnocyclopropane—1;2?2boxylate (ACC) deaminase
Cytokinin Isopentenyl diphosphate isomerase (ipi),

Isopentenyl-diphosphate delta-isomerase (idi)

— Tryptophan synthase (rho = 0.900) 2} Isopentenyl-diphosphate delta—isomerase (rho = 0.900)
2H SFHEXIE Ee| JtE WA ZFF H[83 RSt =2 o MUUAE ASS =eolst

(p—value < 0.05) (& 31)

=

Tryptophan synthase (tpA, rrpBJ-: _ i
| -
Trehalose-6-phosphatase (ofsd) | | ]
Anthranilate phosphnfﬁbusyltransf@raseEEruDl-! _
Maltooligosyitrehalose trehalohydrolase (freZ}{ -
Indole-3-glyceral phosphate synthase (trpc) | =
Glucose-6-phosphate isomerase (pgn | -
Pyrroline-5-carboxylate reductase (proC) 1 -
Anthranilate synthase(trpE) { .
Trehalose synthase (treS) {
1 Product
1-aminocyclopropane-1-carboxylate deaminase (acdS) { . M
Trehalose 6-phosphate synthase {otsA){ _ Proline
_ Ethylene
-08 -06 -04 -02 0 0.2 04 086 08 1.0

a8 31, 7t W 2 ROl EFRERt B Jtg e @F HlEQ et

02
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Bacterial phyla

2+

ZHe 0|

o

Phyla & Alphaproteobacteria (rho = 0.900),

MAE = o/ME2  Phyla &
=

i
Mo

rir

— Tryptophan synthase & |XX}
Isopentenyl-diphosphate  delta—isomerase & & = 7!
Gammaproteobacteria (tho = 0.975)7} £t 7t& Whdd &F Hl&0 7l =
£ A58 #ele (p-value < 0.05) (28 32)

Alphaproteobacteria

Others

Gemmatimonadetes

Deinococcus-Thermus
Bacteroidetes

Gammaproteobacteria
Deinococcus-Thermus |

Betaproteobacteria |

©
Planctomycetes = |
Gammaproteobacteria s Bacteroidetes
Verrucomicrobia -_
. © Actinobacteria |
Cyanobacteria -
5 ]
Chloroflexi ° Cyanobacteria|
Betaproteobacteria l:g
Actinobacteria Chloroflexi|
Firmicutes [ ]
Acidobacteria [ | Alphaproteobacteria I
Deltaproteobacteria - o |
-1.0 -08 -06 -04 -0.2 0 02 04 06 08 1.0 -10 -08 -06 -04 -02 O 02 04 06 08 1.0
nl o o : :
18 32. Tryptophan synthase #&# F&AH@ %) 2 Isopentenyl-diphosphate delta~isomerase

A

oHH FHUAHRLEZR)E Ze UME ERT2} EY J7ig WY 75 vl Azt

2.14. igtez 7|€ot & Jtg e & 2ldd B A= Mul A

2141, 2t2tez 7|got & 7tE e & odd EQFEE A= Mo A
- Eo| JtE WY @Fo H[80] 2255 M= JVIeHdsS SFLHAII=X &elsty| flah A=
WAOIMAAH S ZIAE 2tgh GOt Al 7tF e o529 |80 52 EYE 7t WHE (Type
T), BI80| R2 EAS UHLEY (Type S)22 242z 258 MEH
¥ 3. EY S =El=Ey 54
. TN TP TOC DOC
Proportion Opfoll?e(;rit",gg Moisture Soil texture (%)
Samples  of ')I/)TB plants pH (mg/L) (mg/L) (mg/L) (mg/L)
0,
%) (%) ) Clay Silt  Sand
Tl 52.2 40 6.5 16.4 107 57 83.6 3.6+0.1 9.7+0.4 43.8 30.6
T2 21.7 40 6.1 17.1 1.9 57 87.4 5.840.2 5.242.8 58.9 37.7
S1 12.5 0 6.7 22.5 9.8 2.4 87.8 10.14£0.0  12.2+0.2 74.6 48.2
S2 0 0 6.7 13.7 11.4 32 85.4 6.2+0.2 4.7+0.3 63.4 35.1
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felet 27| Zolg &

Z o
o

P AI™obCt

(28 33)

Transplantation

Time (days)

14d

d
3d

<
w
—F
-
s N

-
v

TT2

"
-

K

Befora Drought (BD) bf-=-ccccceano.

First Drought (FD) pp= === =====-----

3

P Sail sampling for Matagenaome

L5
e

Tranaplant & Drought (TD) »I

¥ Plant growth measurement
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A

T1 EL0llA b
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2.

Shannon

- 3° %2 Zolet £7] ZolE o, JtE WY Edoz AN F9 e

(BT 5.9 £ 1.9 cm) Ect O F2sHA
= WA Exo=z FHZE 2o &7 Zol("d: 8.4 £ 2.9cm)
("o 6.2 £ 2.7 cm)EC} IIE L8 #AFE

T =

©
[
o

ro

00 Dok

o
-

NN

=
|ZHM EQkol =2 87| ZIo

N

ooy mjo

+ 2.3 cm)Z} gl
(p—value < 0.05).
OS2 FHZX £7|

-

k1
ra
0x
HM

=
2o 295, 20|

o
o
02
°
s

Hl

=9 JtgHdss SMATFIE Aoz 2l (I8 35)
Tolerant Sensitive ] Tolerant. If Sensitive
G B
glo S
£ Type £
) T @
c uTS
2 uss =
55 ' g
) b
m - I' ' . w ' I
o 1\ «‘ «'l «'L «'1 5“‘ 9“15‘ 519"" ov ‘1 5\ ot 1\ x\ 11 «’l ﬂ a‘ s‘ s‘g s" 5"- s"
a8 35. WAOIA F Ik mA(TD)IAC] Zeol wal(2=) U FI|(22%) Lol

15. A= M| &8 Al £ HEK|=

2.15.1.

I
o

16S rBRNA am

ffo

sequencing
— 16S RNA amplicon sequencing= ofo] EQF Lf o|M=
e =71(FD) 0| A MZ9| Shannon index?F B 5.9 +£ 0.2 oA 5.

(p—value < 0.05). xHeZ ols 2E EXfe| O|M

=
_I_

N

=, 7=

M E = =(TD)el &8¢
[(T1-T2, T2-T1 S1-S2, S2-S1/ Shannon index B 5.8 + 0.2) Ct2 Et o] EAo = 0]
HoHT1-81, T1-S2, T2-S1, T2-S2, S1-T1, S1-T2, S2-T1, S2-T2/ Shannon index

+ 0.2) Shannon index?7t ®2|3HH ZUS (p—value < 0.05) (22 36)

KA O

wAto| 7tg =0l FoiEl M P22 F0| o4&

H

FD D

e =

6.0

=

55

5.0

-!-’*

T1

a2 36. Ml JHX| ctE =A

T2

S1

S2

T

T2

S1

S2

oM EQF i o]

T2-T
S1-T1

M=
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T1-T2

9| Shannon CFFA

S1-T2

S2-T2

T1-51

T2-51

S2-51

[un

El

T1-S2

T2-52

S1-S2



-2t ME9| n|ME ZEE phylum TELZ H|u

Gammaproteobacteria,
Actinobacteria®l A& =

Actinobacteria,

| == g
T

(L= U I

AcidobacteriaJl
2 AEYA

=S O=
T T

o
e

O
o

HM(BD)I H YW Jt2 ZAH(FD)OI A
He. JIE0l A& dHiet 20,
Ol =oHe (O 37)

100

75

50

25

Relative abundance (%)

5 F £ F & 8 £ F §§gEhEq5g kR &
" f E & E & £ & 82 5 & B
M Unclassified_Bacteria [I] Plandomycetota Wl Firmicutes [[JAlphaproteobacteria [[] Actinobacteriota
W others p bacteria [l Bacteroidota B Acidobacteriota
a7 37. 2t ME & Phylum &2 old=E 28 74 H
- 0TU +&F2 & CtHY ZAS Hde 7tg e 252 180 =2 T EA2 7t5 Mot =7+ A2
Xtol7t gidZ. ol slsl 75 WA FFol v|g0l 2 S EA2 7t5 M(BD)2 =(FD)7t =5 H
ozl ZHez Eel OTU &2 0|82 78 742 S E2olM O ol HEte ol= sdst 7t=
AEf|20l S EQ0| Jhzol ot dEe Of ol we Ade=z Hl (17 38)
- oAl & Eotoll w2l oj4E 20| PEEE Ho2 ®ot AlZel mAjolAlo] ol Eoke| M g
ol O|F0{Zl A =elet £+ AUS (2 38)
10| @ T Am|@gn O
® T W@ @ n-s
@ 51-T1 @ 12-51
@ S & @ 52-T1 @ 52-51
® 32 @ @2 @O 52
O n-12 @ T-52
05/ @ BD O% o4 :5:4281%52
A D @ 5212 O s1-52
5 * 3 o
2 oo ‘A g o9
= = A *
y A
-0.5 ‘ -04 ﬁ
Stress=0.047 Stress=0.057
-1.0 -05 0.0 05 1.0 -1.0 -0.5 0.0 05 1.0
NMDS1 NMDS1
a8 38. JtE =A(R1F) ¥ uxo[A(EZFR) w2 OTU &2 o|d= 28 H|i
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2.15.2. Indicator species analysisE &8t E U 73U sia #F ol
- T E2T S EQg SHMCZ 72§ X8 F
analysisE Tl&igt ME W 2t2tel 75 HI%P—P
0 11 Xt0[7} p-value 0. S Mg
o2 1%0[4e ZREEE L= A7 M =
- M =l 6 &2 ordere| AU EFTIJF 25 T E%koﬂ/ﬁ i—fﬂl '—|‘E|'LE|". 21 & Burkholderiales,
Thermomicrobiales, Acidobacteriales, Bacillales 25 SHXM2Z RolstH =& (p-value <
0.05). 7|&2el =28 Sall 7I& &&olM Burkholderiales2}t Bacillales®| OTU H|&0| &7}stctn
A AS0{, 35| Burkholderiales= 7t& &AM AlE9| 7t WAHS S7HAZIctD 2

(=]

Zo| ujgg A Atsl

=
o+ & order =&
E'.
E

o
[@)]
o
o
o
el
44
I
r
T
oI'

E‘m.l'rjmfdenafes Thermormicrobiales Xanthomonadales
" L4 LE |
- - 15_ﬂ| L] -
141 _“ : =i
2l Sle flo | 2 8T s T M3
I .! 'lk:"_ [ ."] . %0 10.0 H i =
— 10 t,..._. i | ’ ’ o ._r
ae - L ™ 1 *“' [ I",f 75 : . i
K = ' 7
A el | e
.g ¢ T 5 T 5 T 5
c
2
@ Acidobacteriales | Rhizobiales | Bacillates
g w }
520 -
15 .t : " L ‘I! ‘é.
.0 ’-,—....-—4‘* ’ " | oo ;_}_lﬂ- ] R L
= w . | . === = .". -
. 2% 751 e N S |—3¢—<
o5l oty ¥ e |
. " . o -
5

12 39. Indicator species analysis2 ME{E FFo| M ELEE HI
(»: p < 0.05, **x: p < 0.005, ***: p < 0.0005)
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2.15.3. Shotgun sequencingE £t 7|sM SMA M H|I
- ME g 7SN RAA] Zo|S Hels| sl B Mul Sof 2t Aol 2H £ HF5H0l DNA
M

FZ(& 2F 6071) ¥ Shotgun sequencing =4
- 7| &0 MESE JtFUHA 2E FHEAS MAH M Eo st M SREE SIEMeZ mHEE.

Choline dehydrogenase (betd) (0.05-0.07%), Tryptophan synthase (#pA, trpB) (0.04-0.05%)

Anthranilate synthase (#pE) (0.03-0.04%)2| At SF LIt Z& MEWAM = HEHE (O

Relative abundance (%)

000 002 004 006

Tryptophan synthase (irpd, trpB)

Anthranilate phosphoribosyltransferase (trpd) ||
Indale-3-glyceral phosphate synthase (tpc) {f
Anthranilate synthase (ipE)
1-aminocyclopropane-1-carboxylate deaminase (acd5)

lopenteny A
I........'-_., I

Pymoline-S-carboxylate reductase (prol) | SRR T I
Maltocligosyltrehalose trehalohydrolase (fred) R I

Maltooligosyltrehalose synthase {frel)

Trehalase (fred)

Trehalose-6-phasphate phosphatase {(olsB)

Trehalose é-phosphate synthase (arsd)

Trehalose synthase (fref)

Choline oxidase (codd)

Chioline dehydrogenase (betd)

Betaine-aldehyde dehydrogenase (both) 8

.“\ < N gt <N 1 g\ el -(\ AN AN -‘"b 1‘3- -“'l- BN e’\ t_:,'l-
AU - e'l--(‘\«‘le.’l-{\«'l

I
u
N
o
d
i
=
0x
H
|'FIJ
N
or
0x
40
2l
P
10
it
i
nE
0z
i}
O
Blis
H1
o
El

- EXo| VAT HE2t 7ol 2ol AHAE Zde= Jie WA 2 RAXLE =elsty| {6,
ZF JgOAtel MM FREEet VWM OFel  BlEnte] AEEAE AL The
Isopentenyl-diphosphate delta—isomerase (/id/) (rho = 0.631), Maltooligosyltrehalose synthase
(treY) (rho = 0.546), Indole=3—glycerol phosphate synthase (#pC) (tho = 0.521),
Pyrroline—5—carboxylate reductase (proC) (rho = 0.509) 7} FolotH =2 2| MIZAE LIEt
. (28 41) ol2e RiAs AMHE AE2 JIE WM SHE &= 0|4 =0 os M= = IAA,

trehalose 2 ocytokinin®| At A Zof Esictd L2 UAS

Maltooligosyltrehalose synthase (trel)
Indole-3-glyceral phosphate synthase (frpl)
Pyrroline-5-carboxylate reductase (prod)
Trehalage (red)

Maltooligosyltrehalose trehalohydrolase {tref)
Anthranilate phosphoaoribosyltransferase (fpl)
Trehatose-G-phosphate phosphatase (ofs8)

Trehalose 6-phosphate synthase {ofsd)
Tryptophan synthase (trpd, trp&)

Choline oxidase {codd) Produst
Bataina-aldehyde dehydrogenase (berb) o
Trehalose synthase {re5) Trahakse
Anthranilate synthase (rpE) Profine
1-aminocyclopropane- 1 -carbosylate deaminase (acd3) Ethylens

Choline dehydrogenasa (beid) L
-1 -08 06 -04 -02

i=]

b2 o4 05 08 10

a8 41, k& =A(FD) & WAtolA = Jtg =2 (TD)olAf 2
7t o2 RUAe ddf Rt WY 3ol vlES2tel gt vl
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3.1.3. MIF X A7ierMzt

[OMEFTHAIE H2}]

O HMen|d = si=

s EA T AT e czoix e AR
4% | (gdA, R B37) = = SE )
Glutamicibacter halophytocola| 7t2i8s X AMEM8EEMs N
1 DR408 He ois stol 2020.07.14 igem—-0001503| 0.0012
Pseudomonas fluorescens |7taWds L ASMYETS )
2 DR397 He o5 sfol 2020.07.14 igem—-0001504| 0.0020
JHBUNS U AZMEETS
3 Sphingobacterium sp. DR205 o o = 2020.07.14 igem—-0001505| 0.0023
27 ofF =l
Pseudomonas fluorescens |7t Mds & ASMYEXSs )
4 DR133 He ol stol 2020.10.08 igem—-0001508| 0.0070
JIEUAMS U ABMHERS
5 Arthrobacter sp. DR48 - o = 2020.10.08 igem-0001509| 0.0074
27 ofF =l
Pseudomonas extremorientalis| 7talids % MENYFTs )
6 DR208 Be ol ol 2020.10.08 igem—-0001510| 0.0064
JtEadds 2 ASMEERS )
7 Paenibacillus sp. DR312 hE o ,Z,E;CH 2020.10.08 igem-0001511| 0.0023
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ARTICLE INFO ABSTRACT

Arice s As a result of their and various using poly(l
Received 27 January glycolic acid) (PLGA) as a copolymer have shown promising results in biomedical engineering fields,
k;m I ”fJ::*" o Z6yZuty including molceular imaging and drug delivery. However, the potential nanotoxicity of PLGA-based
e oot o K B nanoparticles in the environment was poorly understood. Measurement of bacteril nitrification
oniine 20 fansans should be used to
:f‘l'}'_’m"’"" inves .,,m- the .mpm of PLGA nanapartcies with mrrm«m zela- |mh-nl|al» on nitrifying bacterial
moparicles n 3 xids
e e higher than JO’then tial and
w conditions. Inthe
Sail soil microcosm expenmenl 2t the 005 concentration of the oparticles, the ammonia and nitrite
Resilience ovidaion were inhibile by more than 50% o the ist day regardles o the nanopaticle composition.
butall the activity was 4 days. Th ide a fundamental i the
toxcity of PLGA nanparticles on ecologcial func
202 The Koréan Soctey of ndustrl and Engineerin Chemvstry: Published by Elsvier BV, Al ihts
reserved.
Introduction effects following exposure of bacterial cells to ENPs depend on the

Various studies have used engineered nanoparticles (ENPs) to
control physicochemical properties at the nano scale in the
production. of commercial and. industrial products (1], The
widespread application of ENPs increases the possibility of their
discharge into the environment through excretion, mechanical
processes (abrasion, scratching, and sanding), washing, diffusion,
matrix degradation (photo, thermal, and hydrolytic), and inciner
ation [2-4]. ENPs with high surface/volume ratios and reactive
propertics are considered to be a potential risk to human health
and to environmental stability [5]. In most cases, nanotoxicity has
been studied with metal-based ENPs that are designed to be highly
reacti d ‘reactiy ies
(ROS), leading to oxidative stress, which may cause bacterial cell
damage. Metal-based ENPs, such as silver oxides, zinc oxide,
titanium dioxide, iron oxide, and cerium oxide, have been reported

physiochemical properties of the ENPs including their size,
structure, charge, and chemical composition [9.10]. While numer-
‘ous non-metal based ENPs have been used in a variety of fields, our
understanding of the effect of non-metal ENPs on the environment
remains inadequate.

Poly(lactic-co-glycolic acid) (PLGA) is widely used in a range of
biomedical engineering fields because of its biocompatible and
biodegradable features nm an be usad in drug delivery systems
including c tein-
cines, and nano- almgcns 111) Both the U, Food and. Drug
Administration (FDA) and the European Medicine Agency (EMA)
have approved PLGA for clinical use in humans [12]. PLGA is
required to synthesize with hydrophilic polymers such as poly
(ethylene glycol) (PEG) and polyethyleneimine to impmve their
stability in aqueous solution [12]. PEG is known to increase drug
Stabilityand prolang circulatin time |13 Polyethylenelmine HAI
is commonly used to make highly positively charged P

to have long term antibacteral effects influencing bacteral
dstructure in the 6-81.7

poly

04 . Nishu et al {Journal of Industrial and Engineering Chemiscry 84 (2020) 297-304

Business Translation Program), and the Confocal Core supported by

CVMKSU. Authors also thank the National Research Foundation of
Korea (NRF) grant funded by the Korea government (MSIP} (No.
2018R1D1A1B07042339, No. 2019K2A9A2A08000123) and by the
‘Yonsei University Wonju Campus Future-Leading Research Initia-
tive of 2018 (2018-62-0054).

Appendix A. Supplementary data

Supplementary material related to this article can be found, in
the online version, at doi:https:/jdoi.org/10.1016} jiec.2020.0L011.
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hown that carbon-based ENPs may reduce or increase the microbial diversity

This
time-based communiey shit wis also observed when carbona
ceous ENP:
et o ek ansomenia samples [42,45,46). The soil bacterial

depending on the environment conditions 46,50}, Also, the
interaction between the ENPs and organic soil matter or clay

minerals ight alec the nutriene blavalably by relssing ions
from the clay minerals, changing the pH, direct adsorpion, and

3 days,

e d oy 42l concentration of
Siver nanogaricies couk cause ong & iy m isadvaniages T e
nirfcaton and bsetal coomnmiy b i harel efors
143). esults. ind ok olymekc or cartosscsoas
ol Ko e strong factors in influencing the microbial
Eosanmiy o fhe SRR, unlike the metal-based nano-

findings it PLGA ENPs re
iticoon i pth s of itniing i pnd s it
communities in soil samples. the cffct of zcts potetial on

charge can bind more tighty o, Rt ot han iy
charged PLGA. Interestingly, in the soil samples, the nitrification

materials which can alter producing
ROS,

considerable changes in the microbial community since all the
populations differed significantly from the untreated soil samples.
(original soil samples) within 1 day. It is noteworthy that the
shifted microbial community could fully oxidize ammonia to
nitrate aficr 14 days, indice of microbial
ecosystem functions to disturbances in the soil environment. In
other words, the soil environments (e.g. non-nitrifying bacteria,
PH, organic matter, etc.) might reduce the inhibitory effects of
PLGA ENPs. A few studies have reported that some carbonaceous

from the soil bacteria [4745). Also, the aggregation and st
adsorption of ENPs, controlled by the ionic strength and organic
ENPS

ly recovered after 14 days, but the nanotoxicity
persisted in cultures of the nitrifying strains. These results

{ndicate that In the sol emvironment ther 1 a reslience o the
ecosystem functionality (nitrification) towards nanotoxicity, al
though the mechanisms by which nanotoxicity is reduced in the

be considered safe with respect o nitsification activity, it might
pose a potential environmental risk through alteration in other
ccosystem funcions. Future work should focus on the effects of

phosphate cyles) o bactrial groups with High 4 umuglwm
sequencing technologies, detoxification mechanism of
PouTric anecuatenat n he 308 eironenens, Toea Egetier

the release of PLCA ENPS into the environment and focus on

149].

degraded by exogenous or endogenous enzymes from bacteria.
Despite the importance of the exposure time, to investigate the
s O thy setx gt f the FLE KUY s mkettal

Samples at he same exposre g Bray-Curtis dissimilarity
(Fig. 6d) revealed that both the positively and negatively charged

of soll A; however, the negatively charged ENPs showed a relatively
higher Band Cafter 14 days.
that on the microbial
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=& &4 Raman-Deuterium isotope probing and metagenomics reveal the drought tolerance of the
soil microbiome and its promotion of plant growth

Naetal

intensity by the reiative intensity. The function “cupaSpectea” was used for peas alignment with default
RESEARCH ARTICLE value. Raman shifts vanging from 400 to 1,800 m ! were used to analyze the bacterial phenotypes (51
The peak areas assigned o C-D {2,040 1o 2300 cn 1), C-H (2,800 16 3,100 cm Y, and the silence
reglon (2:40010 2,700 ¢ *) were ntegrated using the unction “negrate” 0 | i
i) atio of {C.D - silence regionI(C- - +iCH

B 1o quantiy the eve of deuterium coroeration 20 to 25 dacerisl cels e sample. The
oies sflonce region was adonted to decrease tae effects of no'se for the Raman spectra. The ratio of proteins

tolipids was calculated by d'vidng the integrated area of 1,209 cn ' by the area of 1,267 cn ' (19),
Plant cultivation test. The plant growth prometion cavacity of the sc!- microbiorme under drought
conditions wes evaluated wsing a ot test. Tae surface of pea (Pium sativi L) seeds were ster! zed
with 2.5% NaOC| for 3 min and then washing five times with running deionized water. Tac secds were
kent 1 a grow chamber for 3 days for pregermination with moisture. Then, 15 g of sofl was piaced in

Raman-Deuterium Isotope Probing and Metagenomics Reveal
1 Db oo mestrc of st Sl D0orbiinrs el e L L I B L
Promotion of Plant Growth fter 7 days of drought s o3 days and e harvesod.

ot et st i it SRAAVE Waghinith o, A
night) deiods, and 50% rclative humidity. &t the end of the experment, tae aumaers of revived reon
leaves were counted. The experiment was repeated twce, with 10 revlicates for each soi. sample. We.
xpressed as a percentage the tota umber of counted plants in two repiicates

Metagenome sequencing. Total genomic DNA was extracted from soil sampes aller 1 week of
drought stress using the FastONA™ Spin Kt for Soil {MP Biomedicals, Irvine, USA). DNA qualty was meas-
ured using & QuantT PicoGreen dsDIVA assay it (Ivitrogen, Waitham, USA). Lisary constructon and

nSystems
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ABSTRACT Drought has become a major agricultural threat leading crop yield loss.

i e comed il n il 5eq e o e S Dl LS by Mo

‘Although a few species of hizobacteria have the ability to promote plant growth under (Seou, South Koreal, Tac llum a A
drought, the drought tolerance of the soil microbiome and its relationship with the pro- KBase (52 The sequence data were quahh/ fitered usig B8Tools 1 refnove low gualty eads and orect
motion of plant growth under drought are scarcely studied, This study aimed to de- the sequencing eors with default parameters {52). filered reads were assemsled using MEGAHIT v129

velop a novel approach for assessing drought tolerance in agricultural land by quantita-
tively measuring microbial phenotypes using stable isotopes and Raman spectroscopy:
Raman spectroscopy with deuterium isotope probing was used to identify the Raman
signatures of drought effects from drought-tolerant bacteria. Counting drought-tolerant
cells by applying these phenotypic properties to agricultural samples revealed that 0%
to 522% of all measured single cells had drought-tolerant properties, depending on
the soil sample. The proportions of drought-tolerant cells in each soil type showed simi-
lar tendencies to the numbers of revived pea plants cultivated under drought. The phe-
notype of the soil microbiome and plant behavior under drought conditions therefore
sppeared to be highly related. Studying metagenomics suggested that there was a reli-
h

Phenotype of Soil Microbiome for Drough Tolerance

DSystems
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able link between the phenotype and genotype of the soil microblome that could Wicoxon test for LD and LD2 of control and PEG treated samples in each species. 8
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Abstract
Drought the major agricultural asthe crop
yielo loss..
these mechanisms are difficut to apply in extreme drought condition. A few of
thizobacteria have an abilty of pant-grawth prormotion under drought siress.
approach difficul tati on for
ia and to
perf i mple: - of
drought-tolerant rhizobacteria i soil samples using Raman microspectroscopy
with deuterium water. The C-D ratio (C-D bands/(C-D bands + C-H bands) can
be used to semi-quantitative indicator of ic actv gt
hizobacteria. The six model i i bacteria from five
types of agricultural fora8hin

iyethy
gycol (PEG). We tested the plant recovery for these solls in drought condition.
Inthe Raman spectra of model bacterlal species with PEG, the drought-
sensitive rhizobacterla had more significant physiological changes than -
i fa inthe cells d PEG treatment The
spectra of id not D
bands, whereas iz i
the C-D bands, The mean of C-D ratio in the spectra of the drought:tolerant
hizobacteri in PEG treatment was 0.11 which represents the active level for
the drought-tolerant rhizobacteria, The C-D ratio of
from soll samp! that of PEG
treatmen. The percertages of active rhizobacterla with a level of C-D ratio
higher than 0.11 were 52.206, 25%, 21.79%, 12.5% and 0% In the fve soil
for in dr i for these soil
lyzed after The C-D ratio showed a positive
the gene product ol id
{1AR) which can protect host from environmental stress. This novel approach
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