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FAZ B RRAZE I H], frN 89 R T84 o B 49 ecfR o4 Ah A i Ak A 5 B 49 sinR
BETH; AN B+ 5t e &4 %A B cydAB. cy2. fixXNOPQ 494t F K- Tl 2-134%. [4
# 1 firN B 13845 ecfR A= SinR 49 A A4 R AR, @it ixNOPQ % A R 49 R A A L 4
E5R4, EARA BT+ 54 AT H F0R4E 7 4 edihan,
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[Methods] A suicide plasmid pJQ-fnrN-kan was constructed and transformed into wild type strain by
triparental conjugation method to obtain the fnrN mutation strain (AfnrN). The cell growth and
fermentation characteristics of AfnrN were compared with that of the wild strain, then comparative
transcriptomes with RNA-Seq were used to analyze the expression changes of genes in
curdlan-producing phase due to fnrN mutation. [Results] The level of curdlan production was reduced
by 22.0% because of fnrN mutation. Transcriptomes analysis revealed that 186 genes expressed
significantly different (Jlogx(|fold change])[>1 and ¢<0.001), and about 65% differently expressed genes
were up-regulated. The key genes (crdASC) in curdlan synthesis were repressed in different degree, the
forN mutation significantly down-regulated the expression of ecfR and sinR, coding ECF family RNA
polymerase sigma factor and Fnr family regulator of biofilm formation respectively. The transcription
levels of genes (cydAB, cy2 and fixXNOPQ) related with cytochrome were down-regulated 2—13 times.
[Conclusion] The fnrN regulates curdlan synthesis by controlling the expression of ecfR and sinR, and
takes part in oxygen signal regulation through down-regulating the expression of fixXNOPQ, which is
helpful to enrich the understanding of oxygen regulation system in Agrobacterium sp.

Keywords: Agrobacterium sp., fnrN, Gene mutation, Curdlan, RNA-Seq
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1996 FDA ATCC 31749
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Crp-Fnr
ATCC 31749 FixLJ
fnrN
g regA farN
Zhang 4 22
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111
Ramey [12]
50% C58 FNR sinR
cyoA catD fixN icd sdhB FnrN
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4 Crp BLAST
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fnrN pJQ-fnrN-kan 12 %
ATCC 31749 AfnrN 121 #FIEFF:
AfnrN RNA-Seq 50 mL 500 mL 30 °C
ATCC 31749 AfnrN 200 r/min 18h
122 EZMAFRIEFE RNAZE: 25mL
farN 50 mL 500 mL
- 30°C 200r/min 84h 24h
1 MHETE .
ATCC 31749 AfnrN 5000 r/min
11 ## ‘ 5 min RNA
111 BEHRFABTR: 1 RNA-Seq
3 E‘ s s \ .
112 FERFIFMNES: ATCC 31749 AfEN
( )
( 123 498, RRRSEMEENE
L
llumina N 124 HEEARNE: : s
| C1000 Touch™ Thermal Cycler 125 forN #1 kan EEAEGEE: NCBI
BloRed -~ HiSeq 4000 lllumina Agrobacterium sp. ATCC 31749 fnrN
113 #EHEE: [14] farN-F/R DNA
(g/L) 55.00 PCR N
1.00 KH,PO, 270 K,;HPO,4-3H,0O 2.23 pMD19-T Simple
(NH.),S0; 250 MgSO; 050 CaCO; 5.00 OMD-frrN DCAMBIA3300 kan
FeCl36H,0 1.00 NaCl 0.01 CaCl,0.01 MnCl20.01  ( anamycin resistance gene) kan
pH7.0-72 1x10°Pa  30min OMD19-T Simple
R1 AX(ERERNERA PMD-kan
Tablel Strainsand plasmidsused in thiswork ( )
Name Characteristic Source 2
Strains X pEy e &
Agrobacteriumsp.  Str® L aboratory 126 BFRXEHBRK pJQ-firN-kan AYHIE:
ATCC 31749 stock!*? pMD-kan  pMD-fnrN Hind Il Sal |
E. coli IM109 Cloning vector Laboratory
stock kan fnrN
E. coli DH5a. A pir A pir, cloning vector Laboratory
stock
Plasmids PCR
PRK2013 Kn", helper plasmid Laboratory pMD-frN-kan kan
stock
pCAMBIA3300 Kn®, with kan gene L aboratory pM D-fnrN-kan pJQ200K S BamH |
stock
PIQ200KS GnR, SacB, suicide L aboratory Xbal frN-kan
plasmid stock pJQ200K S E. coli DH5a A pir
pMD-fnrN Amp®, withfarN gene  Thiswork
pMD-kan KnR, with kan gene Thiswork
pMD-frrN-kan AmpR, KnR Thiswork PCR
pJQ-frN-kan KnR, GmR, SacB Thiswork pJQ-frrN-kan
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%2 PCR3I¥
Table2 Theprimersfor PCR

Primers Seguences (5—3') Sizes (bp)
farN-F CGGGATCCTACACGGCAATCGGCTCGT 27
farN-R GCTCTAGATCATGAGCAAGGGGCTGCA 27
kan-F GTCGACCACACAGGAAACAGACCATGATTGAACAAGATGGATTGC 45
kan-R CAAGCTTAGTCCCGCTCAGAAGAAC 25
fnrN double exchange-F CATCAGGCTGACCATGTCATCAGG 24
fnrN double exchange-R TTTCGGAAGCCGAATACAAACGC 23
Note: Capital |etters underlined represent restriction enzyme cutting sites in the sequences of primers.
127 Agrobacteriumsp. ATCC 31749 fnrN £ E %€ Bioanayzer 2100 (Agilent CA USA)
TR :
pJQ-firN-kan  E. coli DH5a A pir Illumina HiSeq 4000
PRK2013 E. coli DH5a Agrobacterium
sp. ATCC 31749 11 2mL 10mL
4 000 r/min 5 min
’ o 2GR
30 °C 12 h 2.1 fnrN EEBERF S
10% ATCC 31749 PCR
50mg/lL Str 50 mg/L Kan farN pMD19-T Simple
farN double exchange-F/R PCR pMD-farN farN 1565bp
3100 bp NCBI BLAST
fnrN-kan Agrobacterium sp. ATCC 31749
Agrobacterium sp. forN 100%
ATCC 31749
AfnrN 22 fnrN RIELFEHRAYTFIL
128 WHXZEE RT-PCR: 7LNBS
4 L/min 400 r/min pJQ-fnrN-kan fnrN-kan
15h farN
50% 5% 3h RNA fnrN-kan farN
16S rRNA 2 MG PCR AfnrN
9 50 mg/L Kan
129 RNA-Seq #ARFFHANF: PCR fnrN
RNA rRNA (Ribo-Zero Magnetic Kit) fnrN-kan
MRNA (TruSeq RNA Sample Prep Kit) forN (1 fnrN-kan
cDNA PCR 15 fnrN-kan
PCR Qubit 2.0
1 ng/uL DNA firN
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bp Marker 1 2 UDP-Glucose (UDPG)
[16]
AfnrN
2
AfnrN
AfnrN
60 h AfnrN
3
1 PCR FEH RS Bk 205 gL 160 gL
Figurel Gel electrophoresisof the PCR products 22.0%
1 farN PCR 2 AfnrN firN PCR
[17]
Note: 1: fnrN PCR product in wild strain; 2: farN PCR product in 0.74 Bah
AfnrN strain. 13.8% ATCC
31749
2.3 EFABIEFRFD AfnrN SEITHRAYAE 4SRN CO, fnrN
REEFFIE LR
AfnrN 30.7 g/L 27.8 g/L 9.45%
301 mg/(L-h)
250 mg/(L -h) 16.9% AfnrN
fnrN
2 AfnrN fnrN
(476 glL) (488 gL) 246% 24 BEHEE RT-PCR &R
AfnrN RT-PCR
50% 5%
fnrN 3 50% 5%
cydAB  fixK 2-3
A B
60 —Glucose —— Curdlan 123 6 - 60r —=—Glucose —e— Curdlan ] 25 193
—— (NH,),SO, —— Biomass & ——(NH,),SO, —— Biomass e’
50 20 = 50 {20 @
?940_ 15?9_4.5 :?}940_ -153_4.5
2 30 E1 T 20 ERE
8 0E | = 2 0% |3
S S 1’e g S 125
S 5 © ~ T {5 © ~
10} o 100 us)
€ €
ol Ne? o Jo T ol Nt v 0 0 g Jo T
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
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2 TIEFEIFEREKRA)F AfnrN FEik(B)ZE T2 thik

Figure2 Fermentation process curves of Agrobacterium sp. wild strain (A) and AfnrN (B)
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F 3 FFHEIFD AfnrN SRTHRAYFRRFFIE PRI
Table3 Comparison of curdlan production

characteristics between wild type strain and
AfnrN mutant

AfnrN
Characteristics Wild strain AfnrN strain
Glucose consumption in 30.7 27.8
curdlan-producing phase (g/L)
Product concentration (g/L) 20.5 16.0
Conversion rate of carbon 0.668 0.576
substrate into product (g/g)
Product productivity (mg/(L-h)) 301 250
fixG  fixH 8 fixN  fixQ
23
sinR 17 ATCC
31749 fixGHIS fixNOPQ
fixGHIS  fixXNOPQ

25 HT RNA-Seq HAKEREE S

251 ERERTHI: Cufflinks
FPKM™(Fragments Per

Kilobase of exon per Million fragments mapped)

AfnrN
0<0.05
1 149
4724 ) 24.32% [logx([fold change])|>1
g<0.001 4 AfnrN

186 121

65 186

24

[ I 5% Dissolved oxygen
20 I 50% Dissolved oxygen

Transcripton level
=)
T

0
cvdA cvdB fbeF fixG fixH fixK fixN fixQ sinR

3 RT-PCR#ZR
Figure3 Resultsof RT-PCR

0.001<¢=0.05

Il 5 <0.001,1<log,(fold change)<2
[1¢=0.001.-2<log,(fold change)<-1
[ 1¢=0.001log,(fold change)>2

I ;<0.001,l0g,(fold change)<—2
[ Others

75.68%

0.23% —>

0.53% //"v
1.14% /

2.03%

20.39%

4 BHEES AN BEFRIEERSH
Figure 4 Distribution of differentially expressed genes in
wild strain and AfnrN strain

36 4 25
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4 AfnrN crdA
crdS crdC o
Ruffing
o rpoN 30%"
ATCC 31749 12 c
AfnrN ECF RNA
c ecfR c
RNA
sinR
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sinR
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[12] PCR
5% sinR
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5%
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Table4 Potential functions of different expressed genesin AfnrN strain

Categories Gene Fold change Description
Curdlan biosynthesis crdA =19 Hypothetical protein
crds -1.7 f3-1,3-glucan synthase catalytic subunit
crdC -1.3 Hypothetical protein
ecfR -2.0 ECF family RNA polymerase sigma factor
sinR —69.0 Fnr family regulator of biofilm formation
C-di-GMP biosynthesis AGRO_2215 1.6 GGDEF family protein
AGRO_1294 15 GGDEF family protein
AGRO_1185 15 GGDEF family protein
AGRO_4075 15 GGDEF family protein
Oxygen signaling associated cydA 21 Cytochrome D oxidase
cydB -1.9 Cytochrome D oxidase
cy2 —2.4 Cytochrome C 2
fixQ -4.0 Cytochrome C oxidase
fixP -36 Cytochrome C oxidase
fixO =124 Cytochrome C oxidase
fixN -13.6 Cytochrome C oxidase
AGRO_4698 136.0 Phosphopantetheinyl transferase
(c-di-GMP) AGRO 4698
c-di-GMP GGDEF
21 [21]
GGDEF AGRO 2215
AGRO_1294 AGRO_1185 AGRO_4075 AfnrN
1.5 4 22 forN
forN
oS AN Y SE AR
253 fnrN R FIFEHEXEREBIF20E: cydAB AGRO_ 4698
cy2  fixXNOPQ o g
AfnrN farN 3 HwEWi
ATCC 31749
fnrNd
fixNOPQd 9 schiiter c-di-GMP
AfnrN
fixN farN fixL
fixN (201 RNA-Seq AfnrN
fnrN fixO fnrN
fixN 10 ecfR  sinR
farN fixXNOPQ fiXNOPQ
AfnrN AGRO_4698 136 fnrN
GO (Gene ontology)
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