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Abstract
Objective

Identifying the strains carrying acquired tetracycline resistance genes is one of the important
points in evaluating the safety of probiotic strains. The aim of the present study is to
comprehensively evaluate tetracycline resistance in lactobacillus spp. isolated from the digestive

system of Iranian backyard chickens.

Materials and methods

In the present study, the phenotypic sensitivity patterns of 36 lactobacillus isolates belonging to
four species L. reuteri, L. salivarius, L. crispatus and L. johnsonii were evaluated by measuring
the Minimum Inhibitory Concentration (MIC) to tetracycline. After that, four tetracycline
resistance genes tet(L), tet(M), tet(W) and tet(O) were detected in isolates with phenotypic

resistance to this antibiotic based on the polymerase chain reaction method.
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Results

As a result, four isolates of L. reuteri, three isolates of L.salivarius, two isolates of L. crispatus
and four isolates of L. johnsonii among the studied lactobacillus spp. showed phenotypic
resistance to tetracycline. After the detection of tetracycline resistance genes in isolates with
phenotypic resistance, the presence of tet(W) gene was confirmed in all investigated isolates. The
simultaneous presence of tet(M), tet(L) and tet(W) genes was observed in three studied L.
salivarius isolates. It was also found that the phenotypic resistance observed in three isolates of
L. johnsoniiABRIG7, L. johnsoniiABRIG14 and L. johnsoniiABRIG24 is caused by the

simultaneous presence of tet(O) and tet(W) genes.

Conclusions

This study showed that tetracycline resistance among Lactobacilli isolated from digestive system
of Iranian backyard Chickens is due to the presence of single or multiple resistance genes.. We
also found that tet(W) is the most widespread tetracycline resistance gene among investigated
Lactobacillus isolates. Therefore, local poultry breeders should refrain from arbitrarily using
tetracycline, and when the digestive system of domestic chickens is the source for probiotic
microorganism selection, the evaluation of resistance to tetracycline from the phenotypic and
molecular point of view should be taken into consideration in order to select safe strains.
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Aarestrup et al. GTTAAATAGTGTTCTTGGAG Forward primer  tet(M)gene
(2000) tet(M)-2: CuiS p peoly
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Table 3. Tetracycline MIC values of L. salivarius isolates from digestive system of Iranian
backyard chickens
(ke 2 p3595%0) S)bjk cale fola wl ol
Minimum Inhibitory Concentration (ug/mL) isolate name
128 64 32 16 8 4 2 1 05 025

- - - - - - - - - L. salivarius ABRIIN27

_ _ _ _ _ _ - - _ L. salivarius ABRIIN33

_ _ _ _ _ _ - - _ L. salivarius ABRIIN39

Tetracycline Cut-Off value= 8 A=kl 35 Caaglio yo p alads

(Resistance L. salivarius isolates / L. salivarius isolates ) =3/3
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Table 2. Tetracycline MIC values of L. reuteri isolates from digestive system of Iranian

backyard chickens

(Fdesken 32 )5 955e) (S)Io5L cdale Jolo 4l el
Minimum Inhibitory Concentration (pg/mL) isolate name
128 64 32 16 8 4 2 1 05 025

. reuteriABRIIN29
. reuteriABRIIN30
. reuteriABRIIN31
. reuteriABRIIN35

. reuteriABRIIN36
. reuteriABRIIN38
_ _ _ _ - - - - - L. reuteriABRIG2
- - - - ® - - - - L. reuteriABRIG3

_ _ _ - - " - - - - L. reuteriABRIG4
_ _ _ _ _ - - - - L. reuteriABRIG6

- - - - ® - - - - - L. reuteriABRIG8
_ - - - % - - - - - L. reuteri ABRIG9

. reuteriABRIG11
. reuteriABRIG12

. reuteriABRIG13
. reuteriABRIG15

. reuteriABRIG17
. reuteriABRIG18

. reuteriABRIG19

. reuteriABRIG20
. reuteriABRIG21

. reuteriABRIG22
. reuteriABRIG23

. reuteri ABRIG25

r- - - - -

|
|
|
|
|
|
|
|
|
—

|
|
|
|
|
|
|
|
|
r—rr— - - - - - - - -

(Resistance L. reuteri isolates /L. reuteri isolates) =4/26
((cwglio syl L. reuteri claalas / L. reuteri claalis) =4/26

T
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Table 4. Tetracycline MIC values of L. crispatus from digestive system of Iranian backyard
chickens

(ke 2 p3595%e) (S)bjk clale folas ala pb
Minimum Inhibitory Concentration (ug/mL) isolate name
128 64 32 16 8 4 2 1 05 025

- - - - - - - - - L.crispatusABRIIN32
_ - - - - - - - - - L.crispatusABRIIN34
_ - - - - - - - - L.crispatusABRIIN37

Tetracycline Cut-Off value=4 4 = LG lol 5 cuoglio y p alats
(Resistance L. salivarius isolates / L. salivarius isolates) =2/3
((cewglie lyls L. salivarius slaaslas / L. salivarius slaalis) =2/3

Ol (S s o w4165 8K L. johnsonii gbyaylas dSoLwl x5 MIC 10l .0 Jous

Table 5. Tetracycline MIC values of L. johnsonii isolates from digestive system of Iranian
backyard chickens

(ke 2 £35S 95%e) S)bjk clale folu wlie el
Minimum Inhibitory Concentration (pg/mL) Isolate name
128 64 32 16 8 4 2 1 05 025
_ _ - — - - - - - L. johnsoniiABRIG5
_ _ - _ - - - - - L. johnsoniiABRIG7
_ - - - ® - - - - - L. johnsoniiABRIG14
_ - - - - - - - - L. johnsoniiABRIG24

Tetracycline Cut-Off value=4 4 = LSGlol 15 coglio by alaiis
(Resistance L. johnsonii isolates / L. johnsonii isolates ) =4/4

((cwglie slyls L. johnsonii laalss / L. johnsonii slaalis) =4/4

il 36 glie 31 00 i 35 5 uphslsisY (Slatyger oo 53 18 Slags3 5 GelSolalyS &) s Cungli

adlls oyl 4> (Aquilanti et al. 2007; Zonenschain et al. 2009) coul oai sanline jub 2565 (lnodygl b alos I
L. salivarius L. salivarius ABRIIN33 .L. salivarius ABRIIN27 slaalis > tet(M) 4 tet(L) la;
L. L. johnsoniiABRIG7 alis 4w p» tet(O) 5 ,eas () JK8) Lu3,5 sanlie ABRIIN39

dyp0 slaaslis ol > tBUW) 5y ¢ (Y US5) 5,5 456 L. johnsonilABRIG24 4 johnsoniiABRIG14

odbline uisid Cuglie 45" 135 yasuin (plSSlul 55 4 Caus Cuoglio (gla 5 (aw )y aoe ;0 1LY JSUS) wb sdalie )y

1)
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Cooglie pimen Ll o EHW) o tet(L) det(M) o5 aw joa I 56 addllas 3,90 L. SAlIVANIUS (cladlis > oss
L. johnsoniiABRIG24 4 L. johnsoniiABRIG14 L. johnsoniiABRIG7 slaalis ;5 ois ssalie uigb
05 9 3 (53 (g 2y90 sloibir ol > cunglie g 035 TBLW) 5 TBL(O) 5 9 (lojon ygi I (i adllas 5550
Sl 5 oad (gilw 03D adlllas 3y90 L. FEULEIT aygu Y¥ 3 tBEW) ()5 jols dallae ol Gillas .03L o tEt(W)
L. reuteri «gw ,» tet(W) o jeas o5 cladlls,y (Egervarn et al. 2009) 15,3 sinlie JSls (29,50 calises
05 yea> owomen (Rosander et al. 2008) 13,5 Sbsy 5L 50 39390 SSgmgp Jgame yd 39390 ATCC55730
adlbs zls lke (Greppi et al. 2020) s osnlin yods (15,165 oK 5l odel cawss L. FEULEri claalus > tet(wW)
Sl S dgr i)leS ol jlosd (gjlwlis L. salivarius alis G pgss o tet(L) o tet(M) o5 53y o>
wslealisisY balis )5 tetW) o tet(M) det(L) slo; jpis owixen (JIN €t Al 2017) 53,5 4l (65
O] (g5 dg2 laisylas yo Sl oad (gilolia o pokusligiS Y (riomen 5 liwa] (gels ()90 )50 5l 028 (giluli
wloy; 45 Cul 013,35 asuie s9dla .l 013,5 saalie (Cauwerts et al. 2006) 3L 5 (Dec et al. 2017)
Klare ) scus ;lgld olie oV game g bl (5165 oK}l o (ilwlis (sla woluwbgSY oo 45 tet(M) o tet(w)
OselBas il ead (gilulis L. johnsonii glaalis ks (2023) Johnson et al b ss plos! aslllas ) (€t al. 2005
(soslaolisiSY 450 ¥VA 5oy y oas plosl adlllan il o UL (5 (55l badygus oy ooty 5 i 9 035 TEE(W) ()5 (g9l
osleaslsiSY gads g 1 (Vo AFYA ) 2o )3 VY 45 3505 (yasidio (> 558 JIANGNAN oK1y (039,500 (IS )3 35250
& iy 4 9 L.crispatus 4 L. johnsonii 4545 ;5 cueglio e oy yiin g i pglie ydSolol 5 4 aalllas 590
L. reuteri < gw g3 553 aalllas 5 cpimen (Maetal. 2021) 15,5 osalie (VAY) 1oyd £+ g o) AY (VO/VA) (00
L. paracasei <5 5 o tet(M) (5 jgias cpioman 204 tE(L) o tEt(M) 5 93 o (g4l> L.CFISPALUS &0 03 5

by odd pbol adllae p> 03,5 sanlie L. CriSPatus agw 95 o L. reuteri 4 gw 4w L. plantarum «gw s

o35 sacSlyss 5l e (gilulis L. plantarum sge aw s tet(l) o5 ,eas 55(2019) Yarullina jAnisimova

23,5 by (25
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Table 6. Presence of genes associated with tetracycline resistance in Lactobacillus isolates

from digestive system of Iranian backyard chickens

8, SN,

L.crispatus

Lactobacillus strains  wsluwbgSY (cladguw
L. salivarius

L. johnsonii

L. reuteri

CENIEYaY

CENIIHEaY

72ol1dav

Y1914av

[914av

Gol1dav

6ENIIHEY

EENIIYAY

LENIHaY

8ENIIHGY

9ENIIYaY

12914av

9914av

(bp)
Tetracycline resistance
gene(bp)

e
E3

A
ES

A
£

A
w

A
w

A
ES

B3

A
w

B3

B3

B3
o

B3

L

#*

.;é:.

tet(L) gene (456)

(657) ol ol 3
tet(M) gene (657)
(781) o elsolul s 3
tet(O) gene (781)

(167) sek> oelSalul 5
tet(W) gene (167)

& (—) Lack of genes encoding for tetracycline resistance.

® (+) Presence of genes encoding for tetracycline resistance.

ISl 5 4 e Canglio 008 IS (S5 yeuds pae L ?

ALl &) s Cunglia 0138 08 sl g O

STy 51 ol 33 (B) 970V bP Jgb LTEt(M) (55 51 ponly (5 5 Ty 51 ool w3 (A) .Y s

L. (1) L. salivarius ABRIIN27 _gasousy (g ! (65 ;3 £6T1bp Job L Tet (L) o3 5 pous (gl i

«(3) L. salivarius ABRIIN37 4 (2) salivarius ABRIIN33

Figure 1. (A) The band resulting from the polymerase chain reaction of Tet(M) gene h a

length of 657 bp and (B) the band resulting from the the polymerase chain reaction of Tet(L)
gene with a length of 456 bp in the plasmid DNA of L. salivationsABRIIN27 (1), L.
salivariusABRIIN33 (2) and L. salivariusABRIIN37 (3).
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5, ST,

500bp

L. gawondly (gl o 63 ;2 YAY Dp Job L Tet(O) (5 3l poals (g ooy (ST 51 Jeols L Y S
.(3) L. johnsoniiABRIG24 4 (2) L. johnsoniiABRIG14 (1) johnsoniiABRIG7
Figure 2.The band resulting from the reaction of the Tet(O) gene polymerase chains with a

length of 781 bp in the plasmid DNA of the L. johnsoniiABRIG7 (1), L. johnsoniiABRIG14
(2) and ABRIG24 (3).

500bp

Sy (gl ol (65 ;3 VY bp Jsb U tet(W) o5 jlpoals s LiSTy 51 Jeols Wb Y JSUS
P Ceoglio (g1 (laeylaa
Figure 3. The band resulting from the polymerase chain reaction of the tet(W) gene with a

length of 167 bp in the plasmid DNA of lactobacillus isolates with phenotypic resistance

09155 o&awd jl oad (ilwlis walaolaS Y sladlin (loy igd lacis mls adlas cpl )> 1§ S A

L. als 4w L. reuteri als ke adlas ol 3 g bl 5l gled 0 pulSolol s 4 cans Coglio 93 ,S0ky b
cbale ) o dSolol 5 Sg (5 ggls e y3 05, 4 01 L.CriSPaAtUS 4lis 4w ¢ L. johnsonii 4l k> salivarius
o3y ity o EFSA o obal 395 he (slncs S (sl o cymass (S5 alé olpme Jilion o pymess oo 5 5L
y3n adllas cpl )3 05,8 455 PCR y ites i} (6o alumgy culSoll, 5 4y annss 005 salie oswisis Canglie gl
adlllas 550 L. SANVArIUS alus aw o s tE(M) g tet(L) o5 Lol 13,5 45U wslawlaS Y sladslis oles)> tEU(W)

Sl 5 u5gid Cunglie 13,5 asuie Cpisred .43,S saalie L. JONNSONIT lus 4w j> 55 tet(O) 5 9 45,5 saalie

¢
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