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Abstract

Staphylococcus aureus has emerged as one of the most important human pathogens, and has over the past several decades,
been a leading cause of hospital and community acquired infections. Methicillin-resistant strains of S. aureus (MRSA) were
first recognized in the 1980’s as a major clinical and epidemiological problem. Hospitals are still facing this problem today.
Preservation of strains in a microbiology laboratory is of great importance for quality control, teaching, and research. Freezing
is a very common method of preservation and storage of microorganisms. Studies concentrate on the viability of the
microorganisms after a certain storage period. Little attention is given to the influence of storage conditions on characteristics
of the stored strains. This article describes methods, reagents, and equipment commonly utilized for the growth, maintenance,
and characterization of S. aureus in the laboratory. It also explains the methods of identification of S. aureus as methicillin
resistant strains, and generated a method for freezer stock of S. aureus for long-term storage. The Microbank Bacterial
Preservation system (Pro-lab Diagnostics) is a well-known system for freezer storage of all kinds of microorganisms and is
used in laboratories all over the world. Staphylococcus aureus is a Biosafety Level 2 (BSL-2) pathogen. Follow all appropriate
guidelines and regulations for the use and handling of pathogenic microorganisms. No special precautions are necessary when
working with MRSA.

Keywords

Staphylococcus aureus, MRSA, Growth, Strain Selection, Freezer Stock

Received: December 9, 2016 / Accepted: December 20, 2016 / Published online: January 21, 2017

@ 2016 The Authors. Published by American Institute of Science. This Open Access article is under the CC BY license.
http://creativecommons.org/licenses/by/4.0/

cause fatal necrotizing pneumonia [35].

1. Introduction

MRSA as a whole is proficient of causing a wide variety of

Staphylococcus aureuswas originally isolated from a knee
abscess in 1881 [40]. Ever since then, S. aureus has become
the most leading nosocomial infection in the developed world
(i.e. the MRSA epidemic). Even though the frequency of HA-
MRSA among hospital-acquired infections is at present
declining, new subsets of MRSA (USA300, USA400, ST239,
etc.) have arisen in the community setting [8]. These
community-acquired MRSA (CA-MRSA) isolates exhibit
increased ability to cause disease in healthy persons (Weber,
2005). The primary clinical presentation of USA300 is skin
and soft-tissue infections, but it has also been established to
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clinical presentations, including: endocarditis, myocarditis,
osteomyelitis, pneumonia, surgical site infections, toxic
shock syndrome, septicemia and scalded skin syndrome. The
capability of S. aureus to cause such varied diseases is
mainly attributed to the diversity of virulence factors encoded
in the S. aureus genome and the innate resistance of S. aureus
to nearly all facets of the human immune system. One such
virulence factor produced by S. aureus is the discrete
yellowish-orange pigment called staphyloxanthin (aureus
means ‘“golden” in Latin). Pigment production has been
shown to assist in the resistance of S. aureus to oxidative
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damage [27, 33, 41]. Additional main virulence factors
encoded by S. aureus include: coagulases (coa and vwb),
toxins (e.g. hla, hld, hlg, set8, psma), proteases (e.g. spl,
sspC, aur), lipases (lip and geh), adhesins (e.g. cflA, cfIB,
fnbA, fubB), and factors involved in immune resistance (e.g.
ldh1, hmp, katA, spa, eap, chp, sak, and capsule) [10, 15, 16].

Away from these obvious virulence factors, S. aureus is also
a swift growing organism that is able of utilizing a variety of
carbon sources (interestingly, USA300 isolates grow faster in
vitro than their HA-MRSA counterparts [49]. As stated
previously, all S. aureus strains show an in vitro auxotrophy
for arginine and proline, although for proline, this is only
during growth on glycolytic carbon sources (e.g. glucose).
This is caused by catabolite-mediated suppression of the
proline biosynthetic genes via the catabolite response
regulator, CcpA [31]. Therefore, careful deliberation of the
growth media chosen for testing should be taken, given that

S. aureus exhibits wide-ranging metabolic regulation.

S. aureus is a gram-positive coccus (~0.6um in diameter) that
colonizes the skin and/or nares of most humans. Given access
to other tissues (via tissue disruption or an impaired immune
system), S. aureus can cause a wide variety of serious clinical
manifestations including: skin and soft tissue infections
(SSTI's), pneumonia, osteomyelitis, septicemia and
endocarditis. Fundamental procedure (a) explains the
culturing of S. aureus on agar plates, fundamental procedure
(b) explains the Oxacillin-salt agar method for determining
methicillin-resistance of S. aureus strains, fundamental
procedure (c) explains the culturing of S. aureus in liquid
media, and fundamental procedure (a) explains the
preparation of a frozen stock of S. aureus from a liquid
culture. Further information concerning unique molecular
characteristics of CA-MRSA isolates (Table 1) and selective
antibiotic concentrations (Table 2) are provided.

Table 1. Distinctive information concerning molecular characteristics of CA-MRSA isolates.

Characteristic ~ Description Exclusion
ACME Arglnlpe Catabolic Mobile Elem.ent carried by most USA300 CA-MRSA isolates (contains 33 genes, USA300 clones in S. America
Cassette including speG and a fully functional arc operon)
speG Encodes a spermine acetyl transferase on the ACME island. Provides spermine resistance. USA300 clones in S. America
lukSF-PV Encodes for Panton-Valentine leukocidin or PVL (pore forming toxin). ST72 in Asia
sasX Encodes for surface anchored virulence factor involved in aggregation and attachment to host cells. Non-ST239 isolates
Table 2. Selective antibiotic concentrations for use with S. aureus cultures.
Antibiotics Solvent Stock Concentration Working Concentration
Chloramphenicol EtOH 20mg/ml 20 pg/ml
Erythromycin EtOH 5 mg/ml 5 pg/ml
Spectinomycin H,O 100 mg/ml 100 pg/ml
Kanamycin H,O 50 mg/ml 50 pg/ml

2. Tactical Preparations

Unlike other pathogenic bacteria studied in the laboratory,
there are many generally utilized strains of S. aureus (Table
1). This is a proposal of the information that S. aureus strains
show proof of distinction in commonly studied in vitro
phenotypes, different degrees of virulence in mouse models
of infection, and were isolated from a wide variety of
infection sites and individuals. As stated earlier, S. aureus is
normally divided into the methicillin-resistant (MRSA) and -
susceptible subgroups (MSSA). MRSA strains were first
isolated in the 1960's [26] and it was later on resolute their
resistance was associated to the attainment of a mobile
genetic element (staphylococcal cassette chromosome)
harboring the mecA gene, (SCCmec) [50]. Ever since the
recognition of the original SCCmec cassette, research on this
subject has discovered the existence of other SCCmec
cassette types that bestow extra antibiotic resistance genes to

S. aureus isolates (for a description of the SCCmec types
(IWG-SCC), 2009).

The universally studied MSSA isolates include: NCTC8325
(RNT1), NCTC8325-4 (RN450), SH1000, RN6390, RN4220,
and Newman. NCTC8325 (RN1) was isolated in 1960 from a
sepsis patient and was mainly employed in the laboratory for
the proliferation of phage 47 and the study of S. aureus
genetics [38]. To create isolation of phage 47 easier,
NCTC8325 was cured of three endogenous prophages
determined in its genome via consecutive rounds of UV
mutagenesis, yielding strain NCTC8325-4 (RN450) [19, 38].
Ultimately, it became obvious that NCTC8325 exhibited
reduced toxin making, pigmentation, and virulence in mice,
in contrast to other clinical S. aureus isolates. Genomic
relationship of NCTC8325 to other MSSA strains confirmed
that this strain had mutations in »sbU (activator of sigB) and
tcaR (activator of spa) [19], making it a poor form for the
study of S. aureus genetic regulation and virulence (albeit it
has been generally utilized for the study of these two topics).
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To reverse this loss of virulence, the rsbU mutation was
repaired in strain NCTC8325-4, yielding strain SH1000 [22].
Similarly, RN6390 is a more virulent derivative of
NCTC8325-4 (produces greater amounts of exoprotein and
o-toxin), but it was produced via sequential phage
transduction [22].

Similar to SH1000 and RN6390, RN4220 is also a derivative
of NCTC8325-4. Nevertheless, RN4220 was mutagenized
via nitroguanoside to augment for mutants that would
competently recognize plasmid DNA from E. coli [19, 29].
As a result, RN4220 carries 121 SNP's (eleven shared by
NCTC8325-4), 4-large scale deletions, an insertion in agrA,
and a nonsense mutation in AsdR (the major restriction
endonuclease in S. aureus) (Nair et al., 2011) when compared
to S. aureus NCTC8325. The agrA mutation present in
RN4220 has been shown to lead to delayed activation of the
agr quorum sensing system, which in turn, affects virulence
factor production. Therefore, RN4220 is not suggested for
the study of S. aureus virulence regulation or in vivo
pathogenesis. As an alternative, RN4220 is used as a cloning
intermediate when moving plasmid DNA from E. coli into S.
aureus.

The eventual MSSA isolate broadly utilized in the laboratory
is S. aureus Newman. Newman is not a derivative of
NCTCS8325, but was isolated as a substitute from a secondary
osteomyelitis infection of a TB patient prior to 1952
(DUTHIE and LORENZ, 1952). Like NCTC8325, and all of
its derivatives, Newman has distinctive features, including:
the overproduction of toxins resulting from the constitutive
expression of saeRS [1] as well as mutations in genes
encoding for the virulence proteins FnbA and FnbB that
limits their surface localization [18]. Furthermore, the S.
aureus Newman genome contains four prophages (PNM1-4),
three of which (DNMI1, 2, and 4) are known to replicate
during in vitro culture and animal infections [4]. In spite of
these observations, Newman is generally utilized for
virulence studies of S. aureus.

The most frequently studied MRSA isolates include: COL,
Mu50, N315, JHI1, JH9, UAMS-1, MRSA252, LAC,
SF8300, FPR3757, TCH1516, and MW2 (Table 1). The
entire MRSA isolates are commonly divided into hospital and
community acquired strains (HA and CA-MRSA) based on
the origin of the disease-causing isolate. Interestingly, this
distinction has also come to reflect historical development of
S. aureus pathogenesis and the emergence of a new MRSA-
epidemic. HA-MRSA was first isolated in 1961 and quickly
became the dominant hospital acquired infection following
the widespread introduction of methicillin treatment in
hospitals [16]. The most important HA-MRSA strains studied
in the laboratory are COL [12, 44], Mu50 which is
intermediate-vancomycin resistance strain [20, 30], N315

[30], MRSA252 [21], UAMS-1 [6], JH1, and JH9 [47].
These strains stand for the historical evolution of HA-MRSA
as well as its geographic variety, and encompass two main
pulse field gel electrophoresis (PFGE) subtypes, USA100
and USA200 [49]. HA-MRSA conventionally causes
septicemia, osteomyelitis and surgical site infections (SSIs)
in hospital patients.

CA-MRSA, on the other hand, was originally isolated in the
late 1990's when healthy persons within the community,
who had had no new contact with a hospital setting,
contracted fatal S. aureus infections (CA-MRSA) [49]. It
was later on determined that these isolates were different
from their HA-MRSA foils in that they typically cause skin
and soft tissue infections (SSTI's), sporadically cause
necrotizing pneumonia, and can readily infect healthy
persons [35]. The majority of frequently utilized CA-MRSA
strains studied in the laboratory are SF8300 [7], LAC [28],
FPR3757 [9], TCH1516 [17], and MW?2 [3]. SF8300, LAC,
FPR3757, and TCH1516 all fit in to the prevailing CA-
MRSA PFGE subtype, USA300, whilst MW2 belongs to
the second most common CA-MRSA PFGE subtype,
USA400 [49]. Supplementary CA-MRSA lineages are
newly recognized in the literature, but laboratory protocol
characterizing these strains has merely recently been
undertaken (e.g. ST239).

Although the inconsistency in pathogenesis between HA and
CA-MRSA isolates implies detectable genetic distinctions
between these two MRSA sub-groups, CA-MRSA isolates
demonstrate a large amount of heterogeneity world-wide,
making it hard to propose any single molecular test for
identification of CA-MRSA isolates. Additionally, CA-
MRSA strains have begun to swap HA-MRSA strains in
many hospitals around the world, confusing the conventional
classification of MRSA isolates into the HA and CA
categories [23, 25, 36, 43]. Therefore, MRSA isolates have
more recently been categorized into HA and CA sub-
categories based on sequence typing (i.e. phylogeny) and
pulse-field gel electrophoresis, of digested genomic DNA
[14, 35]. Nevertheless, some uncomplicated molecular
characteristics do separate CA-MRSA isolates from their
HA-MRSA counterparts, notwithstanding these
characteristics are not shared by every CA-MRSA strain
(Table 2) [32, 49].

Growth of S. aureus in tuna was then monitored using Baird
Parker agar; simultaneously, aerobic plate counts, enterotoxin
production, and sensory profile (color and odor) were
determined. The results showed that the time for a 3-log
CFU/g increase was >20 h at 21°C and 8 to 12 h at 27°C for
albacore, with toxin production observed at 14 to 16 h at
21°C and at 8 h at 27°C. A 3-log CFU/g increase for skipjack
occurred at 22 to 24 h at 21°C and at 10 to 14 h at 27°C. The
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toxin production in skipjack started at 20 to 22 h at 21°C and
at 8 to 10 h at 27°C. Toxin production was observed before a
3-log increase was achieved in albacore samples at 21°C.
Under all conditions, toxins were detected when the cell
density of S. aureus was 6 log CFU/g [53].

Reference materials are crucial to enforce legislation and to
implement and safeguard reliable measurements. First, a
feasibility study revealed a suitable processing procedure for
cheese powders: the blank material was prepared by cutting,
grinding, freeze-drying and milling. For the spiked material,
cheese-water slurry was spiked with Staphylococcal
enterotoxin solution, freeze-dried and diluted with blank
material to the desired Staphylococcal enterotoxin
concentration [55].

2.1. Fundamental Procedure 1: Growing S.
aureus on Solid Media

S. aureus forms small, shiny, gold colonies on most solid
media after 1 day of growth at 37°C. The size and color of
the colonies is media and strain dependent (media
containing low levels of glycolytic carbon sources will
produce colonies that is less pigmented as are some strains
harboring specific mutations that affect pigmentation).
Numerous special media have been described for growing
S. aureus including: Tryptic Soy Agar (TSA), Brain Heart
Infusion (BHI) Agar, Mueller-Hinton Agar (MHA), Todd
Hewitt Agar (THA), Luria-Bertani (LB) Agar, and Blood
Agar. BHI, TSA, THA, MHA, LB Agar are all very rich
media and will permit for vigorous growth of S. aureus.
Blood agar is also a rich media but permits for the
supplementary examination of hemolysis. The majority
strains of S. aureus are B-hemolytic (i.e. produce complete
lysis of red blood cells resulting in a zone of clearing) as a
result of alpha toxin production. S. aureus colonies grown
on blood agar are small, shiny, pigmented (to varying
degrees depending on the glucose content of the blood agar
used and the strain of S. aureus), and surrounded by a zone
of clearing. Antibiotics can be added to the media as
necessary according to the concentrations outlined in Table
2. It should be well-known that USA300 isolates enclose
plasmids carrying an erythromycin and tetracycline
resistance cassettes and therefore genetic management of
USA300 involving antibiotic selection is limited.

2.2. Fundamental Procedure 2: Testing for
Methicillin Resistance in S. aureus

As mentioned in tactical preparation, S. aureus resistance to
penicillinase-stable penicillins (i.e. methicillin, oxacillin,
nafcilin, etc.) is encoded by the mecA gene located on the
SCCmec cassette [50]. The most accurate method for

identifying methicillin-resistant ~ Staphylococcus aureus

(MRSA) is to test for the presence of the mecA gene by PCR
[51]. Nevertheless, phenotypic confirmation of methicillin
resistance is highly recommended regardless of the outcome
of the PCR reaction as strains carrying the mecA gene can
exhibit susceptibility to methicillin [2, 5]. The primary
methods for demonstrating S. aureus methicillin resistance
are the cefoxitin disk screen test, the latex agglutination test
for PBP2a (the enzyme encoded by mecA), and the
Oxacillin-salt agar screen [45]. While the latex agglutination
test for PBP2a has been shown to be the most accurate
method for determining S. aureus resistance to methicillin,
the Oxacillin-salt agar screen is the simplest method and is
still very accurate (99% sensitivity and 98.1% specificity)
[45]. According to the Clinical and Laboratory Standards
Institute (CLSI) S. aureus strains exhibiting growth on MHA
supplemented with 2% NaCl and > 4 pg/ml Oxacillin are
considered methicillin-resistant while S. aureus strains only
exhibiting growth on MHA supplemented with 2% NaCl
when Oxacillin-levels are < 2 pg/ml are considered
methicillin-susceptible. Further information about the assay
described below can be found in the Performance Standards
for Antimicrobial Susceptibility Testing; Seventeenth
Informational Supplement published by the CLSI (document
M100-S17).

2.3. Fundamental Procedure 3: Growing of
S. aureus in Liquid Media

S. aureus grows rapidly in broth culture at 37°C with
aeration. As such, overnight cultures of S. aureus are
typically started at the end of the day just prior to leaving the
lab using either an isolated colony from an agar plate (Basic
Protocol 1), a second broth culture, or a frozen stock (Basic
Protocol 4). Quite a few different media have been described
for growing S. aureus in broth culture, including: Brain Heart
Infusion (BHI), Tryptic Soy Broth (TSB), Todd Hewitt Broth
(THB), Luria-Bertani (LB) Broth, and Chemically Defined
Media (CDM). There is no specific advantage or
disadvantage to using BHI, TSB, THB, or LB; all are rich
media and will allow for S. aureus to grow to a high
concentration overnight. CDM, on the other hand, is
commonly utilized for growth experiments relating the
restriction or adding of specific nutrients. Not considering of
the media, it should be noted that S. aureus is auxotrophic for
Arginine [13] and Proline [31], that S. aureus cannot use
inorganic sulfur sources (e.g. sulfate or sulfite) [48], and that
S. aureus exhibits a preference for glycolytic carbon sources
during aerobic growth [46]. Frequent passaging of S. aureus
in liquid media can result in the accumulation of mutations
and thus, should be avoided. Overnight cultures of S. aureus
will exhibit gold pigmentation, although the extent of
pigmentation is media and strain dependent.
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2.4. Fundamental Procedure 4: Preparing
Frozen Stocks of S. aureus

Durable storage of S. aureus should arise at —80°C to stop
increase of mutations. To prepare a frozen stock of S.
aureus add an aliquot of an overnight culture (Basic
Protocol 3) to sterile DMSO as described below. The
addition of DMSO thwart absolute freezing of the cells and
hence limits cellular harm as a result of the transition to
—80°C. Sterile glycerol (final concentration 25-50% once
mixed with bacteria) is frequently used as an alternative to
DMSO. There is no separate benefit to use one agent over
the other except for that DMSO thaws more slowly than
glycerol, and consequently preserves a low culture
temperature for a longer period of time if freezer
malfunction should occur.

3. How to Culture
Staphylococcus aureus on
Liquid and Solid Media

3.1. Brain Heart Infusion (BHI) Agar Plates

About 52g of BD BBL™ Brain Heart Infusion Agar should be
added to distilled water in a 2L flask. Alternatively, 40g of
BBL™ Tryptic Soy Agar or BBL™ Luria-Bertani Agar can be
similarly utilized. Add a stir bar to the flask and then place the
flask on a stir plate to mix. Bring volume up to 1L using distilled
water. Loosely cover the top of the flask with aluminum foil and
then autoclave the media on liquid cycle (use 30 minute cycle to
prevent carmelization of glucose). Once sterilized, place the
flask on a stir plate and stir the media at a low setting for ~45
minutes or until the media has cooled to 65°C. Add antibiotics as
necessary and then pour the agar into sterile petri plates (~20—
25ml/plate). Allow agar to solidify at room temperature for at
least 1 day (minimizes condensation) then store up the plates,
top down, in plastic bags at 4°C.

3.2. Brain Heart Infusion (BHI) Broth

About 37g of BD BBL™ Brain Heart Infusion should be
added to distilled water in a 2L flask. On the other hand, 30g
of BBL™ Tryptic Soy Agar, 25g of BBL™ Luria-Bertani
Agar or 30 g of BBL™ Todd-Hewitt Broth can be equally
utilized. Add a stir bar to the bottle and put the bottle on a stir
plate to mix. Bring volume up to 1L using distilled water.
Once the powder is totally dissolved, remove the stir bar,
loosely cap the bottle, and autoclave the media on liquid
cycle (do not tightly screw on the bottle cap or moreover the
bottle will become highly pressurized in the autoclave; use
30 minute cycle to prevent glucose carmelization). Once
sterilized, the broth may be stored at room temperature or
4°C.

3.3. Mueller-Hinton Agar Plates
Supplemented with 2% NaCl and
Oxacillin (MHA-Salt Plates)

About 38g of BD BBL™ Mueller-Hinton II Agar and 20g
NaCl should be added to distilled water in a 1L bottle. Add a
stir bar to the flask and then place the flask on a stir plate to
mix. Bring volume up to 1L using distilled water. Loosely
cover the top of the flask with aluminum foil and then
autoclave the media on liquid cycle (use 30 minute cycle).
Once sterilized, put the flask on a stir plate and stir the media
at a low setting for ~45 minutes or until the media has cooled
to 65°C. Add 2pg/ml and 4pg/ml Oxacillin as necessary and
then pour the agar into sterile petri plates (~20-25ml/plate).
Allow agar to solidify at room temperature for at least 1 day
which minimizes condensation then store the plates, top
down, in plastic bags at 4°C.

3.4. Chemically Distinct Culture Media

Make the solutions and sterilize (the amino acids and bases
are made and stored separately to maximize the longevity of
storage). Once cooled, all solutions should be stored at 4°C.
Place a stir bar into a 250ml beaker and place the beaker onto
a stir plate. Add 10mls of the salt solution, 1ml of each amino
acid, 1ml of each base, 0.1ml of the vitamin solution, and
0.1ml of the trace elements solution to the beaker while
slowly stirring the mixture. Add carbon sources as desired
and then adjust the pH of the media to 7.4 using 10M NaOH.
Bring the final volume of the media up to 100ml using
distilled water and then filter sterilize the media.

3.5. Sterile DMSO

Sterilize 100% DMSO using a syringe filter (0.2um Nylon
syringe filter attached to a 10ml syringe). The DMSO should
not be sterilized using a nitrocellulose filter for the reason
that it will dissolve once it is exposed to the solvent.

4. Conclusion

Appropriate growth and maintenance of S. aureus in the
laboratory is not difficult. Inocula need not be large in order to
generate robust growth, and chances for contamination are rare
given the short incubation times/fast growth rate of S. aureus
cultures. Additionally, contaminants are simplyvisible from S.
aureus by several easily testable phenotypes, all of which S.
aureus is usually positive for, including: gold pigmentation,
coagulase activity, -hemolysis, catalase activity, and growth
on Mannitol salt agar. Repeated route of S. aureus in the
laboratory is not recommended as it may result in the amassing
of unwanted mutations. For growth on BHI agar, S. aureus
should appear as small, shiny, gold colonies after 1224 hrs of
growth at 37°C. Similarly, overnight cultures of S. aureus in
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BHI broth should show golden and highly turbid. S. aureus is a
quick growing microorganism. Liquid cultures usually need
just 12—24hrs to attain a high density while most strains of S.
aureus will grow to be visible as colonies on a plate after 12—
36hrs of growth at 37°C.
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