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Amplified Fragment Length Polymorphism Fingerprinting as a Tool to Study
the Genetic Diversity of Staphylococcus aureus Isolated from Food Sources

Young-Sam Kim and Jong-Bae Kim'

Department of Biomedical Laboratory Science, College of Health Science, Yonsei University

Amplified fragment length polymorphism (AFLP) is a recently developed PCR-based high resolution fingerprinting
method that is able to generate complex banding patterns which can be used to delineate intraspecific genetic relationships
among bacteria. In this study, we have modified and evaluated a PCR-based technique, amplified fragment length
polymorphism (AFLP) analysis, for use in fingerprinting strains of Staphylococcus aureus. Single-enzyme amplified
fragment Jength polymorphism (SE-AFLP) analysis was used to perform strain identification of Staphylococcus aureus.
By careful selection of AFLP primers, it was possible to obtain reproducible and sensitive identification to strain level.
AFLP fingerprinting of 5 reference strains of Staphylococcus aureus and 65 strains of Staphylococcus aureus that were
isolated from food sources of different area and diverse genomic types of Staphylococcus aureus were recognized. As a
result of this study, we found that the AFLP patterns of Staphylococcus aureus isolated from Seoul, Taejeon and
Gwang-Ju indicated the close relation with genetic similarity. The main purpose of this study was to find an alternative
and reliable fingerprinting method to study the overall genetic diversity, using Staphylococcus aureus species as an
example, and observed if the method can be successfully applied to all staphylococcal species.
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Single-enzyme amplified fragment length polymorphism (SE-
AFLP) ol tialix ©1v Legionella pneumophila®, Heli-
cobacter pylori'®, Chlamydia psittaci®, Mycoplasma capricolum®,
Vibrio vulnificus, Campylobacter jejuni'®, Clostridium perfring-
ens® Sofl 3t strain TENM Y HH) AHEEATE o
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1. Staphylococcus aureus E=3F

B gl A9 5% S aureus EZTFE American
Type Culture Collection (ATCC) 27664, ATCC 19095, H288a,
KN556 7-5+9} Dr. Karsten Becker (Miinster University, Miinster,

Germany) 258 213 Eoke 163493 7578 AFR-8I3ich

2. M Eo|M S aureus 22l & H
20009 1295-El 10971A] 2 E ek bAoA ATAIY

dgo e £38 2 AAZRE ATHY W) we ¥
2] ZAE 6559 S auwreusE £ Ao o]&3)3T)

3. DNAS| £2| & HH|

PCRe| Z QT S auwreus®] DNAE ¥ 517] 943+ brain
heart infusion (Difco, Detroit, MI, U.S.A.) broth 3 mlol] #}+e] €l o}
9 FEe AE3 37C wG7)elA 714 e 244
2+ vio¥alich viokeN-2 Eppendorf tubeol] 1.5 ml 4 $££3k1

-8000 ipm 2.2 1047 YA AAAIY F HAH A pelletS DNA

isolation kit (QIAamp® Blood Kit and QIAamp Tissue Kit, QIA-
GEN Inc., Chatsworth, CA, US.A)E A5} genomic DNAS
2, BAATE AATF DNAY FEE AgolA FFEE
EAsto ALtk

4. AFLP 24

1) Mstaa el

A A3 genomic DNA 1 ugS ATE 2 20 U HindIl (Pro-
mega Co., Madison, WI, US.A)E BSA7} 25% 5EZ2 3H7Hd
1X One-Phor-All buffer (Amersham Pharmacia Biotech, Piscata-
way, NJ, US.A)0l BF SFTE HF W8 4ol 30 pot 5
EF o] 37ColA SAIRE HR3AIA ddsiith

2) Adaptor2] ligation

Adrg w3 30 plol AlTEA A9 oo 23k
5 pmol 2] adaptor®} 10 mM ATP 1 pl, 5X OPA, 10 Weiss units2]
T4 ligase (Takara Shuzo Co., Shiga, Japan)E A7}3ta] % 40
W7t §EE 243 oS 37THA SAIZE wheAI7 | &%
Z7% 16TE W2 10717} ligation N ATk vk-gAe] 545
< E8A4 A7]1 DNAE A"z oz A7) 93 oehg 3
ARG AHE8F o n 27 DNAE distilled waterol] 5o
template DNAZ. A1-8-3}3itt

Table 1. Adaptor and primers used in this study

Sequence (5'to 3') Tm(C) Reference number
ADHI1 ACGGTATGCGACAG 37.1 11
Adaptor
ADH2 AGCTCTGTCGCATACCGTGAG 56.6 11
HI-A GGTATGCGACAGAGCTTA 453 11
Pri HI-T GGTATGCGACAGAGCTTT 47.0 11
rimer
HI-C GGTATGCGACAGAGCTTC 473 11
HI-G GGTATGCGACAGAGCTTG 48.3 i1
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Fig. 1. AFLP profiles (Primer HI-A, T, C, G) for 5 reference strains of S. aureus. Lane M, pBH20 marker; lane 1, S. aureus KN556;
lane 2, S. aureus H288a; lane 3, S. aureus ATCC 19095; lane 4, S. aureus 1634/93; lane 5, S. aureus ATCC 27664; lane 6, negative control.

M123456789101112N M131415161718192021222324N M252627282930313233343536N

Fig. 2-1.

M 37 38 39 40 41 42 43 44 45 46 47 N

Fig. 2-2.

M 48 49 50 51 52 53 54 55 56 57 58 59 N

Fig. 2-5.

Fig. 2-3.

M 60 61 62 63 64 65 66 67 N

Fig. 2-6.

Fig. 2. AFLP analysis of S. aureus isolated from food sources with primer HI-A.

5.PCR HIS2t TI|¥S

PCRO| AM-8HE primers Ul $F 2 Table 10 HAIH o
olt}. Aol AL adaptor®} primers Gibson'” Fo| AH&-3t
A gL FGrixdE FF AlF Bioneer Co., Tagjun, Korea)
alod ALt 5% ¥h-§-& DNA thermal cycler (Hybrid
Lid, Middlesex, UK)E o] §3te] thea} 2& 275 0)A]
AN A &, U3 HL template DNA 2 ploll dATP, dGTP,

dTTP, dCTPE 77} 2.5 mMo| H 55 3 dNTPSE 1.6 ul
do F 10X buffer (50 mM KCl, 10 mM Tris-HCI) 2 pl, 25 mM
MgCl, 1.2 pl, Tag DNA polymerase 0.5 U& Z7}F8FL primer set
(Bioneer Co., Taejun, Korea) 20 pmol/plE Z+2} 2 pmolo] H%E
2 Qe F HAF wgsts gl 20 Wt HEE BE TR
42 A7}5te DNAY FES A=3Hgch ojw) AHg] o
Z FFEA Ak AT 2 2A02E 94THA
45-7F H % denaturation ©]F, 94TollA] 1% 5t denaturation,
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Fig. 3. Dendrogram of the similarity index among S. aureus
isolated from food sources.

60°ColA] 1% Z<t annealing, 72°CollA] 2% B2 extension 3}
£ HAE 353 wEFH o nlX9 extensionS 72°ColA]
1583 A &8t fAFo e AT extension©] ©]Fof
AEZ 3t oF FHEL: ks B3 F AL
DNA FZAE-2 0.5 pg/ml9) ethidium bromide® A7Fg 1.5%
agarose geloll 7]%5 3}t ultraviolet trans-illuminator (Vilber

Louramat, Mame La Valle, France)& Z}2+2] DNA band& W)L
#2319k #2323 DNA FF4E ID advanced program (Ad-
vanced American Biotechnology, Fullerton, CA, US.A)& AH8-3}
of SRR AL BA519.28 UPGMA programS ©]8-8}
o dendrogram? 2333 ch

2 o

S aureusoll T F-AR HFA AT-E Al B APolA
Gibson' 59 Whilo] we} AFLPE AAI8131EL 6 bp] QUA
BE zH= Hindlll AFEALE AHE3HA o] AJEAS pri-
mer 2330l ©r& 7 0321 AFLP 21 F7] YA
2}2}+9) primer (HI-A, HI-2, HI-C, HI-G)E S. aureus®] E&TF
o] thate] 4Pg vA AAS o #e BAE Atk

1. B= S aureus 2F2| SE-;AFLP

ZZ 9 PCR TE4HE9] ¥4 HE 78 bpollA] 1005 bp
Atole] ZZ ¥ DNA ©HE A3ttt Primer HI-A)E 4
Al AFLP AdolMe 7~12719] fragments TEFAES &
& 4 dJer Fig 1-1), ThE primerE AR 7-F- primer
HI-T)?I A& 7~17 fragments (Fig. 1-2), primer (HI-C) 3~7 fra-
gments (Fig. 1-3), I8l 32 primer (HI-G)oll A& 3~7 fragments
(Fig. 1-4) A=) FEANEL 3T F ANth 48 2+
primer (HI-A)2] A7} £ Ao Agsicte 288 Mg
sampleo] thEk AFLP 280l primer (HI-A)E AHS-3}71E 3
ek

2. SABOIM &2l S, aureus TFL| SE-AFLP

Primer (HI-A)S 7FA 2L S48l 4] 8@ S. aureus sample
Eo] g AFLPE 23S A7 A3 FE € PCR $F4}
22 A 78 bpe} 1005 bp Alololl A &1 A} 2~30
A% fragments FEAE-E IIE 5= AU (Fig. 2).

3. SABolM 2B S aureus FF2| YN UL

BT S aurenus 759 FAF SAEE A7) A%
APO & similarity indexol 7]Z3 UPGMA program +41-&
At Fig 3). ¥4 27 A42te] F-44 A F
& a0 A 5 Utk AA sample 6571 F 50719
sampleo 4] similarity indexE GolE @ AT 62%)4
EAE 9.%00] o2& 43 FAMIE el 2 F 96%
o]} similarity indexE WEPE 39 sample 157HE A
gl AR similarity indexE LolE Atk 4E A AW
&) EX | A= similarity index7} 87~99%8 JEMY %
2 I3 oA, A& 2 4 FolA 18 $EEE
Uehliglon, WA EXEE similarity indexolA] 80~94%
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AGellA EeE FFN SAET FL02 Y Al
WA EX T similarity index’= 88~99%= A Qd ZdxE
A sampleEol A UYEbon, vpAg iz £X 59
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oM e FHY AL el

0 b

fl
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AFLP 71 PCR& |83 t}2 ojd fAx A& 84
WHEOE Blud A&ns AR /g Be ge
13 DNA marker$} thro] 33 AHE FAlo) A&
T AE 712, FHA AR A4, B8 Y £4 2
AEF} B ENA FAA Hold B ZA/A FAo A7
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ArH el AFLPY 9 7128 AA97 A gL
AR 2 (rare-cutting restriction enzyme)9} Q1218971 &L
(frequent-cutting restriction enzyme) A FEA F 71A] oL
AHS-El BA AgEA BHE FFEAA I AEA doj
2| band 2Fol] 78 Q43te] sequencing geloll Al Ml
ghe Aotk a2y £ A7 AFLP B4 ML B
A AENA AF AR HES AEA o 2
HYEITE WA, ARRshe AFEAE § A2 JYok 2
a2 thH-29] AFLP Aol ME %17]9%5& DNA sequ-
encing®] 7Hs-& PAGE-gelo] 8} Qo) B o 1
H Q) agarose gel electrophoresisS AH&31 Tt o2 g 4y
A Mol 7hsd AL WA 21E 9] genomed} U] AE 9
genomes H|uE] E w F7]o] QlojA @& zbo]r) 97]
HEolth HEE oz 49 Wi ¥yo] 3EH7)
F=u, o E Rofo glojM e Ago] 7Mesin, AIZHE,
H|gH o2 Aofo] Fm Fu|gt Alofe] glojME A3}
e & Aok ol FHE WElo, § TR/ AJELE
AHE-8HA Eol Ze]E DNA 99 So|=7t BoAA g&
@ o] &gl 3 DNA sequencing©] 7153k PAGE-gel
ol 41:= DNA B89 3 47]9] Aoz #3835 @ x|
YR geloll A= F7] ztol7} Aot YR & Aol &

25}7)7} ojdT.

AFLP A% QlojA] FARTE A & 2L
PCR k3ol glojxe] gz Aolct & AFollA ARE-%t pri-
merto = AT RE 3 @] g7 st Aolrt JE A
0]7] @&l non-specificdr DNA ¥ 7]¥ldo] annealingo] 2
A 21 AY Aol disiA] AT 7 vk webA o]
A& AL AR 77 YA, £ AFoA A3 TS
annealing 255 60°CE AMHE3IT o] 29 9n& WA
adaptor2 AMH-¥= ADH13} ADH27} primer2 248 715
Aol i3 A5 E o), ADH2E Q3= HWgko] Hig2 Ho
annealing®] H T E}X extension F|X] o, ADHIL 4Hgk
AR g3 Q7GR As] 4R H0| B2 primerd] ¥
g 4 gt} B3 Tm 258 5B ADHI19] 37.1Col 1,
primersE-0] 45~48°CQld] Wale], B AT o)A = annealing
255 60TolA Al¥gtoz Q3] ADHI0] primer29] 24
7Fed& H48 st

Annealing 25 Ul primerd] Tm R} & ZEo0=8 &
2]E 084 ADHIY 9@ 7+ 4 82 FE g &
AR o1}, primerzhe] dhte] @) Aolgto 2 PCR HH3ol
FAEE Fo4E § = sk AdAE A3 1Y o
& e 71 glek ot 83t Hg sidsk] dst &
o2 2 A9 4% #de] WalE FohH, hot-start PCRE
o] &3} H]E0]3 DNA $&-E 43 FTEX, proofrea-
ding 71%5% 7kX31 & Tag DNA polymeraseE o] &3}
Y ol AxE F & Aotk

A3 234 DNA FE9o ©& Aol A7 = A,
£ ATFoA AL By #u ojyze} thE gl 9%
genomic DNAE F&3t= W Ed g vz £4o] o]F
ojzjo} & Ao|t} Adaptor®} T genomic DNAS] ligation
F 545 5843 AI71, DNAE ¥7]) 918 Wieg J
e JAWE o] 83T, 22 el (80TH 65T)ell Al
U3 Azt A E B3 BAE £8A43) A7) F DNAE ¢
£ 9o Mz neid Fer) ok

o2 7] A9 B339 /A B E-E F3) SE-AFLP V)
Hol & WeA AFE0 A= Fo] Arty, HAA
A Aed= S84 714 ok A& £9, PCRE
o] &g A4 AR AET AE oA FE o]fF
£ geneo] WA E2] 16S IRNAS B2 02 8l primerS A
Z}sto] ALg-3teH, ©] 16S rRNA AFA|7E v 23k FAL
go] UF AX F (species) °13te] FEA 7l U
olgFo] e A7t dAd)

o)1t 7390l genus7HA = 16S IRNA F-AAS o] &3lo]
EFE 83, 12 o]st &0l A= SE-AFLP 7| & 5
o] E] g Hgo] o]FZttA o] 71X AFEo| A
A= dsEeet 44eic.

Lin'? S0l o]5}A AFLP 7|']& o] &3} Escherchia coli
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9} Agrobacterium tumefaciens®] & L8t} o] AF
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