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Table 1. Opportunistic pathogens infecting plants, human and animal by crossing kingdoms

Pathogens Plant hosts

Plant pathogenicity factors

Salmonella enterica
Serratia marcescens Pumpkin, zucchini

Enterobacter cloacae

Pseudomonas Arabidopsis thaliana,
aeuriginosa Tobacco, lettuce
Burkholderia cepacia Onion

species complex

Enterococcus faecalis Arabidopsis thaliana
Klebsiella pneumoniae Maize

Staphylococcus aureus Arabidopsis, tomato, soybeans

Erwinia spp. Wide host range

Tomato, lettuce, alfalfa, Arabidopsis thaliana,

Macadamia, dragon fruit, orchids, papaya

Flil, agfA, agfB, rpoS, AgfD, yihO, bcsA

0xyR

Unknown

Exotoxin A, proteases, phospholipase C, alginate,
quorum-sensing, LPS, type 111 secretion, gacA
Endopolygalacturonase

fsrB, sprE

Unknown

Staphiflococcal complement inhibitor,

type III secretion system
Intimin-like proteins, expl, exoenzymes

W I R RO BIAREE, RES IR S
YIRS, w] RUE 2 IR S PR BT AR i

YRR AR B SS s, JRRATR RN, LA
HARERWIHAF T T 5. 5 AEA KK ZMEURH

http://journals.im.ac.cn/actamicrocn



194

Min Huang et al. | Acta Microbiologica Sinica, 2016, 56(2)

(e WIIKRE ., WHREE. BITE . HERE )
[EiiEon -ACAE P ¥ O E XN EIEIR
Hr S e A T 1) S HEIE Y SO K R
SROKIBR, RS B T REMVE Y TG I T AR R
T R R AR . B A ] DU SR
PR LT M PR IR B @ PR vp, B R
S 1] I APy N o e A M A Z S
Wi FP AL R VDT T QT | 2 o T R 3K T 4 A\ S 3L
T A R MR AT I . SR
P <55 (0 AR e ) 2 BR TR O IO o 3K 28 S )i i
A ) Y T EERER B AT R], R  E T
T JEUE AR BIPRBE A 20 A . B AR — 283 i
Bl AN 5 F T i 92 T J 2l e A SR R A P B Ik
AR SR 1S BRI, (H R K
AIBRARAA KNG R . TR, B A EUm I
8T L T R o A B 7 15 5 25 B A7 R AR Y
—FPRERFE , X BB B4 AR N XL AR Bl
Yo AT R LA, B AR BIAR R A B RETE
A ARSI B T R A AR SRR
B AT L] AR TR] PR 52 e SR R A= A AN TR 2 ) 5 1Y)
Ao R N AR ER T BN ER I 5 A W 1
M, VLRAEIAE 9 NS0 B v e A 2 U
TP, ATREA B TORFHES R B B0 o

s R R T2 N2 IR A R AR
Y&y ERRETT, [RIREVEZ R sl A AL
A ERYREST o Xk o [ 15 A= A ) A L
il AR IRIE T ORI TR K S O T
AIBIETE, X AT B B R 2

2% UM

[1] Van Baarlen P, Van Belkum A, Summerbell RC, Crous PW,
Thomma BPHJ. Molecular mechanisms of pathogenicity: how
do pathogenic microorganisms develop cross-kingdom host
jumps? FEMS Microbiology Reviews, 2007, 31(3): 239-277.

[2] Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson
M-A, Roy SL, Jones JL, Griffin PM. Foodborne illness

acquired in the United States—major pathogens. Emerging

actamicro@im.ac.cn

[3]

[4]

[51]

(6]

(7]

[81]

[91]

[10]

(11]

Infectious Diseases, 2011, 17(1): 7-15.

Barak JD, Kramer LC, Hao LY. Colonization of tomato plants
by Salmonella enterica is cultivar dependent, and type 1
trichomes are preferred colonization sites. Applied and
Environmental Microbiology, 2011, 77(2): 498-504.

Kroupitski Y, Golberg D, Belausov E, Pinto R, Swartzberg D,
Granot D, Sela S. Internalization of Salmonella enterica in
leaves is induced by light and involves chemotaxis and
penetration through open stomata. Applied and Environmental
Microbiology, 2009, 75(19): 6076—6086.

Marvasi M, Noel JT, George AS, Farias MA, Jenkins KT,
Hochmuth G, Xu YM, Giovanonni JJ, Teplitski M. Ethylene
signalling affects susceptibility of tomatoes to Salmonella.
Microbial Biotechnology, 2014, 7(6): 545-555.

Marvasi M, George AS, Giurcanu MC, Hochmuth GJ, Noel JT,
Teplitski M. Effect of the irrigation regime on the susceptibility
of pepper and tomato to post-harvest proliferation of
Salmonella enterica. Food Microbiology, 2015, 46: 139—144.
Schikora A, Virlogeux-Payant I, Bueso E, Garcia AV, Nilau T,
Charrier A, Pelletier S, Menanteau P, Baccarini M, Velge P,
Hirt H. Conservation of Salmonella infection mechanisms in
plants and animals. PLoS One, 2011, 6(9): e24112.

Schikora A, Carreri A, Charpentier E, Hirt H. The dark side of
the salad: Salmonella Typhimurium overcomes the innate
immune response of Arabidopsis thaliana and shows an
endopathogenic lifestyle. PLoS One, 2008, 3(5): €2279.
Coburn B, Li YL, Owen D, Vallance BA, Finlay BB.
Salmonella enterica serovar Typhimurium pathogenicity island
2 is necessary for complete virulence in a mouse model of
infectious enterocolitis. Infection and Immunity, 2005, 73(6):
3219-3227.

Dreyfus G, Williams AW, Kawagishi I, Macnab RM. Genetic
and biochemical analysis of Salmonella Typhimurium Flil, a
flagellar protein related to the catalytic subunit of the FOF1
ATPase and to virulence proteins of mammalian and plant
pathogens. Journal of Bacteriology, 1993, 175(10): 3131-3138.
Schmitt CK, Ikeda JS, Darnell SC, Watson PR, Bispham J,
Wallis TS, Weinstein DL, Metcalf ES, O'Brien AD. Absence of
all components of the flagellar export and synthesis machinery
differentially alters virulence of Salmonella enterica serovar
Typhimurium in models of typhoid fever, survival in
macrophages, tissue culture invasiveness, and calf enterocolitis.

Infection and Immunity, 2001, 69(9): 5619-5625.



WHRSE | RS, 2016, 56(2)

195

[12]

[13]

[14]

[15]

(1e]

[17]

[18]

[19]

[20]

[21]

[22]

Stevanin TM, Poole RK, Demoncheaux EAG, Read RC.
Flavohemoglobin Hmp protects Salmonella enterica serovar
Typhimurium from nitric oxide-related killing by human
macrophages. Infection and Immunity, 2002, 70(8): 4399-4405.
Barak JD, Gorski L, Liang AS, Narm KE. Previously
uncharacterized Salmonella enterica genes required for
swarming play a role in seedling colonization. Microbiology,
2009, 155(11): 3701-3709.

Barak JD, Gorski L, Naraghi-Arani P, Charkowski AO.
Salmonella enterica virulence genes are required for bacterial
attachment to plant tissue. Applied and Environmental
Microbiology, 2005, 71(10): 5685-5691.

Barak JD, Jahn CE, Gibson DL, Charkowski AO. The role of
cellulose and O-antigen capsule in the colonization of plants by
Salmonella enterica. Molecular Plant-Microbe Interactions,
2007, 20(9): 1083-1091.

Hejazi A, Falkiner FR. Serratia marcescens. Journal of
Medical Microbiology, 1997, 46(11): 903-912.

Lyerly D, Gray L, Kreger A. Characterization of rabbit corneal
damage produced by Serratia keratitis and by a serratia
protease. Infection and Immunity, 1981, 33(3): 927-932.
Labbate M, Zhu H, Thung L, Bandara R, Larsen MR, Willcox
MDP, Givskov M, Rice SA, Kjelleberg S. Quorum-sensing
regulation of adhesion in Serratia marcescens MGl is surface
dependent. Journal of Bacteriology, 2007, 189(7): 2702-2711.
Rascoe J, Berg M, Melcher U, Mitchell FL, Bruton BD, Pair
SD, Fletcher J. Identification, phylogenetic analysis, and
biological characterization of Serratia marcescens strains
causing cucurbit yellow vine disease. Phytopathology, 2003,
93(10): 1233-1239.

Wayadande A, Bruton B, Fletcher J, Pair S, Mitchell F.
Retention of cucurbit yellow vine disease bacterium Serratia
marcescens through transstadial molt of vector Anasa tristis
(Hemiptera: Coreidae). Annals of the Entomological Society of
America, 2005, 98(6): 770-774.

Cooper WR, Nicholson SJ, Puterka GJ. Potential transmission
of Pantoea spp. and Serratia marcescens (Enterobacteriales:
Enterobacteriaceae) to plants by Lygus hesperus (Hemiptera:
Miridae). Journal of Economic Entomology, 2014, 107(1):
63-65.

Shanks RMQ, Stella NA, Kalivoda EJ, Doe MR, O'Dee DM,
Lathrop KL, Guo FL, Nau GJ. A Serratia marcescens OxyR

homolog mediates surface attachment and biofilm formation.

[23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

(311

[32]

Journal of Bacteriology, 2007, 189(20): 7262-7272.

Besler KR. Epidemiology and management of cucurbit yellow
vine disease, and characterization of the causal agent Serratia
marcescens. University of Georgia of Master Dissertation,
2014.

Jin H, Ge SR, Tao Y, Ran HY, Liu SG, Tao K, Long ZF.
Identification of a pathogenic strain of locusts and its toxicity
and pathology. Acta Microbiologica Sinica, 2005, 45(2):
172-176. (in Chinese)

ST, B, B, ML, XI5, BR, JER . ki
975 SR B 1 25 s S HL B AR BRI OY . A 2R, 2005,
45(2): 172-176.

George M, Potty VP, Jayasankar NP. Association of
Enterobacter with coconut root (wilt) disease. Current Science,
1976, 45(18): 677-678.

Nishijima KA, Couey HM, Alvarez AM. Internal yellowing, a
bacterial disease of papaya fruits caused by Enterobacter
cloacae. Plant Disease, 1987, 71(11): 1029-1034.

Bishop AL, Davis RM. Internal decay of onions caused by
Enterobacter cloacae. Plant Disease, 1990, 74(9): 692—694.
Nishijima KA, Alvarez AM, Hepperly PR, Shintaku MH, Keith
LM, Sato DM, Bushe BC, Armstrong JW, Zee FT. Association
of Enterobacter cloacae with rhizome rot of edible ginger in
Hawaii. Plant Disease, 2004, 88(12): 1318-1327.

Nishijima KA, Wall MM, Siderhurst MS. Demonstrating
pathogenicity of Enterobacter cloacae on macadamia and
identifying associated volatiles of gray kernel of macadamia in
Hawaii. Plant Disease, 2007, 91(10): 1221-1228.

Rahme LG, Ausubel FM, Cao H, Drenkard E, Goumnerov BC,
Lau GW, Mahajan-Miklos S, Plotnikova J, Tan MW, Tsongalis
J, Walendziewicz CL, Tompkins RG. Plants and animals share
functionally common bacterial virulence factors. Proceedings
of the National Academy of Sciences of the United States of
America, 2000, 97(16): 8815-8821.

Rahme LG, Stevens EJ, Wolfort SF, Shao J, Tompkins RG,
Ausubel FM. Common virulence factors for bacterial
pathogenicity in plants and animals. Science, 1995, 268(5219):
1899-1902.

Djonovi¢ S, Urbach JM, Drenkard E, Bush J, Feinbaum R,
Ausubel JL, Traficante D, Risech M, Kocks C, Fischbach MA,
Priebe GP, Ausubel FM. Trehalose biosynthesis promotes
Pseudomonas aeruginosa pathogenicity in plants. PLoS

Pathogens, 2013, 9(3): €1003217.

http://journals.im.ac.cn/actamicrocn



196

Min Huang et al. | Acta Microbiologica Sinica, 2016, 56(2)

[33]

[34]

[33]

[36]

(371

[38]

[39]

[40]

[41]

Cheng ZY, Li JF, Niu YJ, Zhang XC, Woody OZ, Xiong Y,
Djonovi¢ S, Millet Y, Bush J, McConkey BJ, Sheen J, Ausubel
FM. Pathogen-secreted proteases activate a novel plant immune
pathway. Nature, 2015, 521(7551): 213-216.

Mohamed JA, Huang DB. Biofilm formation by enterococci.
Journal of Medical Microbiology, 2007, 56(12): 1581-1588.
Shankar N, Lockatell CV, Baghdayan AS, Drachenberg C,
Gilmore MS, Johnson DE. Role of Enterococcus faecalis
surface protein ESP in the pathogenesis of ascending urinary
tract infection. Infection and Immunity, 2001, 69(7):
4366-4372.

Micallef SA, Goldstein RER, George A, Ewing L, Tall BD,
Boyer MS, Joseph SW, Sapkota AR. Diversity, distribution and
antibiotic resistance of Enterococcus spp. recovered from
tomatoes, leaves, water and soil on US Mid-Atlantic farms.
Food Microbiology, 2013, 36(2): 465-474.

Jha AK, Bais HP, Vivanco JM. Enterococcus faecalis
mammalian virulence-related factors exhibit potent
pathogenicity in the Arabidopsis thaliana plant model. Infection
and Immunity, 2005, 73(1): 464-475.

Parke JL, Gurian-Sherman D. Diversity of the Burkholderia
cepacia complex and implications for risk assessment of
biological control strains. Annual Review of Phytopathology,
2001, 39(1): 225-258.

Gonzalez CF, Pettit EA, Valadez VA, Provin EM.
Mobilization, cloning, and sequence determination of a
plasmid-encoded polygalacturonase from a phytopathogenic
Burkholderia (Pseudomonas) cepacia. Molecular Plant-
Microbe Interactions, 1997, 10(7): 840-851.

Zhao BG, Guo DS. Isolation and pathogenicity of a bacterium
strain carried by pine wood nernatode. Journal of Beijing
Forestry University, 2004, 26(1): 57-61. (in Chinese)

AT, FRIE AR, FABT L SRR A — PR A TR 03 2 S L EI .
Jentpll K243, 2004, 26(1): 57-61.

Chen ZJ, Wu YX, Mao ZC, He YQ. Isolation, identification
and plant-promoting growth of endophytic bacteria Klebsiella
oxytoca from radish. Southwest China Journal of Agricultural
Sciences, 2014, 27(4): 1645-1648. (in Chinese)

PREH, RBHK, B A, AR & MRNAE IR
PR 943 B9 4 2 B HAR A (AR AR SY. U R AL 241k, 2014,

actamicro@im.ac.cn

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

27(4): 1645-1648.

Holt KE, Wertheim H, Zadoks RN, Baker S, Whitehouse CA,
Dance D, Jenney A, Connor TR, Hsu LY, Severin J, Brisse S,
Cao HW, Wilksch J, Gorrie C, Schultz MB, Edwards DJ, Van
Nguyen K, Nguyen TV, Dao TT, Mensink M, Le Minh V, Nhu
NTK, Schultsz C, Kuntaman K, Newton PN, Moore CE,
Strugnell RA, Thomson NR. Genomic analysis of diversity,
population structure, virulence, and antimicrobial resistance in
Klebsiella pneumoniae, an urgent threat to public health.
Proceedings of the National Academy of Sciences of the United
States of America, 2015, 112(27): E3574-E3581.

Jia Y, Sun CJ, Han WY, He LY, Yang Y. Progress in
Klebsiella pneumoniae. Journal of Microbiology, 2006, 26(5):
75-78. (in Chinese)

BUHS, IMCIL, S0, UL, . AR SRR (A AT Y
& AW, 2006, 26(5): 75-78.

Chelius MK, Triplett EW. Immunolocalization of dinitrogenase
reductase oroduced by Klebsiella pneumoniae in association
with Zea mays L. Applied and Environmental Microbiology,
2000, 66(2): 783-787.

Xia QY, Sun JB, Gu WL, Lu J, Lu XH, Wang YG, Zhang X.
Isolation and identification of strong promoter from endophytic
Klebsiella pneumoniae KKWB-5 of banana. China
Biotechnology, 2011, 31(4): 37-43. (in Chinese)

EURE, Ihel, OCSE, PR, AR, 0L, SR w R
SR T RFKKWB-558 5 3 1 i Be it 70 8 S e wh AR
YT ARZRRE, 2011, 31(4): 37-43.

Matsen JM, Spindler JA, Blosser RO. Characterization of
Klebsiella isolates from natural receiving waters and
comparison with human isolates. Applied Microbiology, 1974,
28(4): 672-678.

Struve C, Krogfelt KA. Pathogenic potential of environmental
Klebsiella pneumoniae isolates. Environmental Microbiology,
2004, 6(6): 584-590.

Miiller HE. Occurrence and pathogenic role of Morganella-
Proteus-Providencia group bacteria in human feces. Journal of
Clinical Microbiology, 1986, 23(2): 404-405.

Beatson S. Pharaoh's ants as pathogen vectors in hospitals. The

Lancet, 1972, 299(7747): 425-427.



WAE | YIS, 2016, 56(2) 197
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Abstract: Some pathogenic microorganisms ubiquitous in the environment could cross kingdoms to infect diverse
hosts. Several cross-kingdom human pathogens were summarized in this paper, including Serratia marcescens,
Enterobacter cloacae and Pseudomonas aeuriginosa. They are ubiquitous in the nature and could cause plant diseases
using the same or different infection strategies with which they infect humans and broaden host range. Among these
bacteria, Klebsiella pneumoniae causes top rot disease of maize in the nature, revealing some plants in the
environment could serve as a reservoir of various pathogens which might infect animals and probably humans when
conditions are favorable, and even potentially harm food. Research on these cross-kingdom pathogens may play a very
important role in the epidemiology of human, animal and plant diseases and be a hot topic in environment science.
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