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Environmental organic carbon sources inhibit the predatory life of
Halobacteriovorax vibrionivorans
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Abstract: [Background] The carbon sources required for the growth of Bdellovibrio-and-like organisms
are mainly derived from the host, and the effects of various carbon sources in the environment remain to
be explored. [Objective] The effects of different extracellular organic carbon sources on the predatory life
of Halobacteriovorax vibrionivorans was investigated to provide a theoretical basis for subsequent
research on the predation mechanism and microbiological control agent against pathogenic bacteria.
[Methods] Vibrio alginolyticus was used as host strain, an absorbance-based assay with 96-well plates for
cell lysis and double-layer plate method were applied to determine the effects of different carbohydrates,
yeast extract and tryptone on the predatory growth of H. vibrionivorans Y22. Comparative experiments
between nonviable heat-deactivated and viable hosts, artificial seawater and Tris-HCI (25 g/L NaCl)
culture system, were adopted to explore possible growth mechanism of strain Y22, combined with
genomic analysis of strain Y22 and its host strain. [Results] Strain Y22 had no phosphotransferase system
and ABC transporters of sugars, and could not use extracellular carbohydrates as carbon sources; The host
V. alginolyticus could utilize sucrose, maltose, mannitol for growth and produce acid, which lead to the
decreased pH value of the artificial seawater co-culture system, thereby block the predation of strain Y22.
Glucose could not only decrease the pH value of artificial seawater co-culture system, but also changed the
cell characteristics of the host, thereby block the predation recognition process of strain Y22. The host
could not grow with starch and a-lactose, and these carbon sources did not affect the predation of strain
Y22. Strain Y22 contained protein, polypeptide and amino acid membrane transporter genes, which
allowed it to utilize the host protein as carbon sources and nitrogen sources. Around 1-5 g/L external yeast
extract and tryptone could inhibit the predation of strain Y22, and the predation-inhibiting effect was found
to be dose dependent. When the concentration of yeast extract was over 4 g/L, and the concentration of
tryptone was over 5 g/L, the predation phenomenon of strain Y22 was strongly inhibited and almost
invisible. [Conclusion] Environmental carbohydrates will affect the metabolic activity of host bacteria,
acidify the co-culture system, and change the cell characteristics of the host, which inhibit the predatory
activity of H. vibrionivorans. H. vibrionivorans can absorb and utilize the environmental protein or
peptide, by which its predatory growth will be inhibited. The results will provide further insights into the
predation mechanism and antibacterial application of Halobacteriovorax.

Keywords: Halobacteriovorax vibrionivorans, carbon source, Bdellovobrio-and-like organisms (BALOSs),
predation mechanism
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front/spssau/index.html) t 16 5643 #7150 H 2H = 18] () 22
S

PEARE A KR E b (12-18 h)m , i TRk
FH1E EEAEZ I G g SR R R Gk 1
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Z 4 (Phosphotransferase System, PTS)F1 ATP 454
s R 51(ATP-Binding Cassette (ABC) Transporters),
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VR A= i s e s . AU A RE TR T
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LR T EERE AR I IR, Forr, X2z 2R A
ORI, OB A0 . ERE . T, SR
FEM N o-FLBEXT AR LF TCBS 15 A K i, 14
1 pH AT B AL . %R IR 2, R R L1500
25K DUEE IR AR P00, A, Bt
W2 2 TR R pH (B 7.0 B % 5.0 /247, 21
Jif B R SR K ORI AR E AR K, T pH
5.0-5.5 BRI LF TCBS 15 {34k HAA 1IE# 1%
71, AR R pH BT AT
23 A[E pH EXRIMEEREEINE Y22 i
BEKEMm

N T KRR b, TRk Y22 7] LI7E pH
6.0-9.0 YL E N & 2B K (] 1), pH 6.0 25 T il
BAKIER T 4 h, pH 6.5-9.0 &1F T RE S
B i 22 5+ (P>0.868) ; X451k & pH fHAb F 5.0-5.5
i, BEFRIR R ODgno (EJLT- WA Ak, Itk Y22
KB B A B PG o 3l L R SRR R R R
HIJG MWE R BEECR AR b, & PLRG 3% 18 h )5 pH (H A
5.0 Fl 5.5 [R5 R 2 TR Hg £ 05 TR 9 A 45
FEAR T — R A (R 1) R RRM, 4

=]
5]
T

1 7F[E pHXMEK Y22 RRIF M

Figure 1 Effect of different pH on the predation of strain
Y22

TE: TERMAAMFTIT 3 A PAT5550, MeantSD R EH+
PRtz

Note: Data and standard error bars represent mean+SD from three
parallel experiments at each condition

F1 TFE pH £HFER Y22 4 KBS 00 (MEEHTE
£, PFU/mL)

Table 1 Effect of different pH on the growth of strain
Y22 (number of plaques, PFU/mL)

pH value Culture time (h)
0 9 18

5.0 2.40x10°  1.57x10® 3.05x10’
5.5 2.40x10°  1.66x10° 3.55%10’
6.0 2.40x10°  3.70x10® 1.92x10°
6.5 2.40x10°  5.60x10° 2.26x10°
7.0 2.40x10°  6.80x10° 2.55x10°
8.0 2.40x10°  6.45x10° 2.48x10°
9.0 2.40x10°  6.00x10° 2.30x10°

BeFRR 2 b pH MHAR T 6.0 B Rk Y22 (03% 142
S, R ELT AR, J55E 18 h
Ji R 13%—15% G A D455 1 (3R 1),
24 EWE. TR, HEENRINEERER
SNE Y22 A KR

FEME Y22 MSEie s el B, Uhpis
Py oAl & L KA RIVE R, o TR A PR
il , RN T KEEFRR R Tris-HCI 22 phbi R4k
FIFATAIIIE, 2 PG TR R FLERE TG
HAESE SR AR ] UR RS IR R Y pH FooE M,
AT AEA pH bk, 5 %238 TH. AT
BKIEFRIRRT, ININEERIRG SR 18 h )5, KEaRik
R pH EHPILG 7.0 BEIKE 5.4 47, RMWEH
ODgxo THFFAK(E 2A), W BRERF ARG i, i HL
MHIEATY 1.52x108 PFU/ML F& % 4.50x10" PFU/mL,
FEGAF WA T R AR DL TR PR Y22 gl i it 3 2
Wtk Y22 TCRH BRI, WaE R am
i, ZARE 2.3 MEERMMF G . 16 Tris-HCl o
FiFRA T pH ORAFIEE (PH 7.0), RIFR Y22 fYl
BHERAZEW, 5% 4482 I8 20
(51 2B, P=0.768), HILWiE BT R Y22 fy4
il B T 1A E A B A R AR 1 3

T BE FIRERT, B TR R SRR R (0
3 g/l EERN RIS pH IR 9.0, IF SR kK Y22
RSN, 555% 18 h )5, B53RI pH {Ar 9.0
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A 10 B 110
100 - 100
L ~ 90
2 4 S —=—( g/L sucrose
3 80 2 80 —e—3 g/L sucrose
‘E 701 E 70 - —+—3 g/L sucrose without Y22
S
£ 60t E 60F
£ sof B s0f
Z 40 -0 g/L sucrose é 40 -
T 30 ——3 g/L. sucrose 30k
——3 o/L sucrose without Y22
20 20 F
0 2 4 6 8 10 12 14 16 18 2 0 2 4 8 10 12 14 16
t (h) t(h)
C 120 D 110p
_loor _ 100
& =
2 o 90
g 80} El
8 £ 80t
S 6o} g
8 2 L
= - T0F —=0 g/L sucrose
= 2 ——3 g/L sucrose
40 —=-0 g/L sucrose 60 b ——3 g/L sucrose without Y22
——3 g/L sucrose
” ——3 g/L sucrose without Y22 5
0 2 4 6 8 10 12 14 16 18 20 0o 2 4 8 10 12 14 16
t (h) ¢ (h)
E 105r
100
;\; 95
g 90F
e
= 85r
=
5 80
L
Z —=—() g/L sucrose
T 70 —*3 g/L sucrose
65 ——3 g/L. sucrose without Y22
60 1 1 1 1 1

B2 EENEL Y22 EEEMm

0 2 4 6 8 10 12 14 16 1

¢ (h)

Figure 2 Effect of sucrose on the predation of strain Y22
TE: Ar NTHKEEIRAR (pH 7.0, E40M); B: Tris-HCI ZZnhi5 38K R (pH 7.0, 1E41M); C: A THEKIEIRIKRR (pH 9.0, 1541
Hi); D: ATIRREFHRR(pH 7.0, ESEAMML); E: Tris-HCI Zuids 3R R (pH 7.0, HBBEAM), AR &M FEfT 3 4 F

75925, MeanxSD fUFREIR LhRfELR 2

Note: A: Artificial seawater co-culture system (pH 7.0, viable host); B: Tris-HCI buffer co-culture system (pH 7.0, viable host); C:
Artificial seawater co-culture system (pH 9.0, viable host); D: Artificial seawater co-culture system (pH 7.0, heat-deactivated host); E:
Tris-HCI buffer co-culture system (pH 7.0, heat-deactivated host). Data and standard error bars represent mean+SD from three parallel

experiments at each condition
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Figure 3 Effect of glucose on the predation of strain Y22
TE: Ar NTHKEERAR (pH 7.0, E40M); B: Tris-HCI ZZnhi53# K R (pH 7.0, 1E41M); C: A THEKIEIRIKRR (pH 9.0, &40
f1); D: ATIEARREFIRR(pH 7.0, IESEANMI); E: Tris-HCI sk R (pH 7.0, HBBEANM). AR FtfT 3 F

75925, MeanxSD fUFREIR LhRfELR 2

Note: A: Artificial seawater co-culture system (pH 7.0, viable host); B: Tris-HCI buffer co-culture system (pH 7.0, viable host);
C: Artificial seawater co-culture system (pH 9.0, viable host); D: Artificial seawater co-culture system (pH 7.0, heat-deactivated host);
E: Tris-HCI buffer co-culture system (pH 7.0, heat-deactivated host). Data and standard error bars represent mean+SD from three parallel

experiments at each condition
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Figure 4 Effect of starch and a-lactose on the predation of strain Y22
W ARIC: ATHEKEEFRAZR(pH 7.0, TE4000); B A1 D: Tris-HCI ZZohi5 320K R (pH 7.0, TE4IML). FEREFNAAF T 4T 3 4 F

17525, MeanxSD U B £hr IR 22

Note: A and C: Artificial seawater co-culture system (pH 7.0, viable host); B and D: Tris-HCI buffer co-culture system (pH 7.0, viable
host). Data and standard error bars represent mean+SD from three parallel experiments at each condition
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Figure 5 Effect of different concentrations of yeast extract and tryptone on the predation of strain Y22
T AFIB: Tris-HCI ZEn 3R IK R (pH 7.0, G40f1); CF1 D: Tris-HCI ZEnEFRIAR (pH 7.0, HBOCANNE). (LRSI T

11 34T, MeanSD R EHR LhR iR 2

Note: A and B: Tris-HCI buffer co-culture system (pH 7.0, viable host); C and D: Tris-HCI buffer co-culture system (pH 7.0,
heat-deactivated host). Data and standard error bars represent mean+SD from three parallel experiments at each condition
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Figure 6 O-GlcNAcylation pathway of V. alginolyticus LF TCBS 15

[E: Glo: #i%iM; PtsG: HAMIBFRF REt; GIn: A&t ; Glu-6-P: 6-BERRMIAINE; Fru-6-P: 6-BERRME; Glu: #ER;
GIcN-6-P: 6-HRH 4 ; GICN-1-P. 1-BEFRM45HENE; O-GIcNAc: O-N-ZMBEAi4ifie; GNAT. ZBEi:F2HE; GIcNAc-1-P:
N-ZBEHZ G -1-B50R ; GIcNAC-6-P: N-ZE LA -6-BE1R; GPl: HW#jHE-6 BEMR MM ; GImS. Hj#iMiig-Rbk-6-wEmR
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P AL Hex: B-N-Z Wb C ER

Note: Glc: Glucose; PtsG: Glucose phosphotransferase system; GIn: Glutamine; Glu-6-P: Glucose-6-phosphate; Fru-6-P:
Fructose-6-phosphorate; Glu: Glutamic acid; GIcN-6-P: Glucosamine-6-phosphate; GIcN-1-P: Glucosamine-1-phosphate; O-GIcNAc:
O-N-acetylglucosamine; GNAT: Acetyltransferase; GIcNAc-1-P: N-acetylglucosamine-1-phosphate; GIcNAc-6-P: N-acetylglucosamine-
6-phosphate;  GPI:  Glucose-6-phosphateisomerase;  GImS:  Glucosamine-fructose-6-phosphate  aminotransferase;  GImuU:
Glucosamine-1-phosphate  N-acetyltransferase/N-acetylglucosamine-1-phosphate  uridyltransferase; ~ UDP-GIcNAc: ~ UDP-N-
acetylglucosamine; GIcNAc: N-acetylglucosamine; GImM: Phosphoglucosaminemutase; AGM: GIcNAc phosphomutase; OGT:
O-N-acetylglucosaminyltransferase; Hex: p-N-acetylhexosaminidase
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