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Effects of potato root exudates and amino acids on the chemotaxis and
biofilm formation of Bacillus atrophicus QHZ3
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Abstract; By soil culture collection, silane derivatization separation,the main components of potato root exu-
dates were identified by gas chromatography-mass spectrometry (GC—MS) at seedling stage, squaring stage and an-
thesis stage. Semisolid plate, capillary-like test and crystal violet staining method were used to compare the effects
of root exudates and different amino acids on chemotaxis and biofilm formation of Bacillus atrophaeus QHZ3 at dif-
ferent growth stages of potatoto, in order to reveal the colonization mechanism of Bacillus atrophaeus QHZ3 in potato

rthizosphere. Five amino acids were identified in potato root exudates: proline, glycine, aspartic acid,
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phenylalanine and tyrosine. Qualitative tests showed that root exudates from different growth stages of potato and
other four amino acids except proline had significant positive chemotactic effects on strain QHZ3, and glycine had
the strongest effect, and its chemotactic circle diameter (6.40cm) was 1.84 times that of the control (3.48 cm).
The results of quantitative test showed that root exudates (120 wg + mL™" and 240 pg - mL™"), glycine (10~50
pwmol « L") | aspartic acid (50~75 pmol - L") and phenylalanine (25~50 pmol - L™") all had significant posi-
tive chemotactic effects on strain QHZ3, especially with 25 wmol « L' glycine, the chemotaxis index was the high-
est, and the number of bacteria in the capillary (5.13x10° CFU + mL™") was 3.3 times higher than that in the con-
trol group (1.53x10° CFU - mL™"). Crystal violet staining showed that root exudates, glycine (25~100 wmol -
L"), proline (75~100 wmol - L") and phenylalanine (25~100 wmol + L") significantly promoted the formation
of biofilm in strain QHZ3. Both root exudates and amino acids promoted the chemotaxis and film formation of strain
QHZ3 in the potato rhizosphere, but the effects of the five amino acids were different. Among them, aspartic acid and
tyrosine had significant effects on the chemotaxis of strain QHZ3, and proline significantly affected the biofilm forma-

tion of the strain, while glycine and phenylalanine had significant effects on the chemotaxis and biofilm formation.

Keywords: potato; Bacillus atrophicus; root exudates; amino acids; chemotaxis ; biofilm formation
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Fig.1 Total ion mass chromatogram of potato

root exudates at seedling stage
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Fig.2 Total ion mass chromatogram of potato

root exudates at squaring stage
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Fig.3 Total ion mass chromatogram of potato

root exudates at anthesis stage
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Table 1  GC—MS analysis results of potato root exudates at different growth stages

Ak {5 B B ] o fh22 4y Tt FAXFFERE Relative amount/ %
Type of I.{etenli(?n Com;lound Chemical T AL JEAE A
compound  time/min formula Seedling stage  Squaring stage  Anthesis stage
12.22 kR BT AP Arabinofuranoside CsH,,05 0.27 1.17
14.16 B—D -1k M 2 F U D—galactopyranoside CeH,, 06 0.44 7.36
14.25 D-H# D—fructose CeH;, 04 9.16 17.72 1.04
14.34 LLALHE Sorbose CeH ;04 0.49 1.07
14.61 B—L—ﬂj\ﬂfﬁﬁﬁﬁﬁ B—L-mannofuranose CeH, 04 0.42
15.15 D-MEIE 2 D-galactose CeH,,0¢ 18.07 7.97
15.18 D—2FF B D-galactose CeH,, 06 2.65
15.26 a-D-MEIR A A5 «—D-glucopyranoside CsH 04 0.64
—_— 15.30 a-D MEGEFLBE a-D-galactopyranose CeH 504 2.22 2.44
7~ 15.33 D-ABE D—xylose CsH,,05 0.75
Saccharides 15.46 AREIHE D-xylulose CsH,, 05 0.94
16.09 D-#%H# D-ribose CsH,, 05 1.01 0.22 0.38
16.18 o—D-Nk IR H &b o—D—mannopyranose Ce¢H,, 05 13.69
16.29 W5 3EHE Trehalose Ce¢H, 05 0.77
16.23 D-HZ ¥ D-glucose CeH,,0¢ 2.45
17.31 a—D-MEIR B a—D-ribofuran CsH (05 0.34
17.35 D2 FLB a—D-galactofuranose Ce¢H,, 04 1.04
25.74 TERE Sucrose C,Hy 04, 35.89 17.63 28.04
27.10 oD — Ik IR 7 2 B a—D—glucofuranoside CeH;, 06 0.97
9.17 2,3- IR Glyceric acid C;Hg04 0.04
9.82 LR Glyoxylic acid C,H,0,4 0.05
10.30 3,4- "R I TR 3,4-dihydroxybutyric acid C,Hg0, 0.15 0.13 0.09
10.46 4-FFEIFCLEH PR 4-hydroxycyclohexanecarboxylic acid C;H;,0;4 1.08 0.74
10.90 SERER Malic acid C4Hg 05 0.78 0.22
11.49 AR Phenylphosphonic acid CeH,0,P 0.98 0.28
11.68 2,3,4-=FH T 2,3,4-trihydroxybutanoic acid C,Hg Oy 0.15 0.30
[res 12.21 BTRAAER Arabicacid CsH 004 0.17
Acids 12.22 AMERR Xylonic acid CsH,,O¢ 0.13 1.23
12.45 HHETR Ribonicacid CsH,,04 0.19
12.59 HIHERR Gluconic acid CeH,,0, 0.14 0.20
12.84 J% 8 Glutaric acid CsHgO, 0.11
13.07 KRR Cyclopentanecarboxylic acid CeH,(0, 0.22
13.31 2 —WR g F iR 2-piperidinecarboxylicacid Ce¢H,;NO, 1.20
13.85 X} 2 — HIi# Terephthalic acid CgHgO, 0.47
27.94 ZHIR Benzoic acid C,Hg0, 9.19
5.63 N[ Propylene glycol C3H30, 0.13
5.86 1,3-T —¥ 1,3-butanediol C,H,,0, 0.94
6.06 E T 1-butanol C,H,,0 0.37
_— 8.53 Hil Glycerol C3HgO4 0.75 0.39 0.47
Alm;f]ls 14.16 A TUME Cyclohexanetetrol CeH,,0, 18.79
14.58 1AL Sorbitol CeH 4 O¢ 3.82 1.22
15.68 H #2E Mannitol CeH, 404 0.77 0.74 1.13
16.34 ARERE Xylitol CsH ;04 0.58
17.70 HILEE Inositol CeH,, 04 3.35 2.81 0.45
JHies 4.62 FHAb WM Polycarbodiimide CH,N, 0.25
Amines 27.15 SEARZE T H BEV AR Tsophthalamide CgHgN, 0, 2.13
11.25 H4 iR Proline C5HyNO, 0.13 0.74
s 13.07 HZM Glycine CeH,y 0, 0.22 0.17
ﬁ%M¥ 14.70 REZIR Asparticacid C,H,;NO, 0.11
Amino acids
15.01 KN Z AR Phenylalanine CoH,,NO, 0.14
18.37 L-BE R L-tyrosine CoH, NO, 0.22
o 8.62 Wi = 2B Triethyl phosphate CeH,;s0,P 9.70
D_**‘ ) 5y — =3
Esters 16.09 D—Glucoﬁi?jﬁfﬂac?d —Tﬁiclone C/Hi, 0 0.38
ﬁ%ﬁiﬁi 5.87 2-FRHE LM 2—hydroxyacetamide C,H5NO, 5.22 0.90
L 10.48 ELE R Crotonic acid C4HgO 0.32
HE MR 16.62 1‘%1‘]@]% Palmitic acid CIZH:ZOZZ 1.34

Fatty acids 18.88 AR Oleic acid CigH3 0, 0.08
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Fig.4 Effects of root exudates at different growth
stages on chemotaxis of QHZ3
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