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Synopsis
Pursuant to paragraph 74(b) of the Canadian Environmental Protection Act, 1999
(CEPA), the Minister of the Environment and the Minister of Health have
conducted a screening assessment of Micrococcus luteus (M. luteus) strain
ATCC 4698.
M. luteus strain ATCC 4698 is a bacterial strain that shares characteristics with
other strains of the species. M. luteus belongs to the normal flora of mammalian
skin and mucous membranes, and is also widespread in the environment,
including soil, air, dust, water, polar ice, activated sludge, plants, fish, insects and
food. It has properties that make it of potential use in bioremediation,
biodegradation, wastewater treatment, drain cleaning and degreasing, growth
promotion of plants and fish, skin treatment, and the production of enzymes and
antibiotics.
There is no conclusive evidence in the scientific literature to suggest that
M. luteus strain ATCC 4698 is likely to have adverse effects on terrestrial or
aquatic plants, vertebrates or invertebrates in the environment. In a Springtail
reproduction test conducted with strain ATCC 4698, no significant effects on
adult survival or juvenile production were observed. There are a few reports of
animal infections attributed to the species M. luteus, which are either too old to
verify by using modern identification methods or were polymicrobial with 7-10
other micro-organisms involved. M. luteus was unlikely to be the primary
pathogen. Moderate pathogenicity of M. luteus towards an insect pest of
hazelnuts was reported under experimental conditions, which are unlikely to
occur in nature.
There is no evidence from the scientific literature to suggest that M. luteus strain
ATCC 4698 is likely to have adverse effects on human health. In humans,
M. luteus is generally considered to be a harmless, non-pathogenic, commensal
organism, and is rarely isolated as an opportunistic pathogen from damaged
tissues. Early Micrococcus infections were diagnosed using methods that did not
differentiate Micrococcus from coagulase-negative Staphylococcus, the more
likely agent of infection. The few infections attributable to M. luteus were acquired
following a medical procedure that could introduce micro-organisms from the skin
into sterile body compartments, including cardiac surgery or use of central
venous catheters, often in individuals with debilitating diseases, such as cancer
or kidney failure. In the unlikely event of infection, M. luteus is susceptible to most
antibiotics.
This assessment considers the aforementioned characteristics of M. luteus strain
ATCC 4698 with respect to environmental and human health effects associated
with consumer and commercial product use and in industrial processes subject to
CEPA, including releases to the environment through waste streams and
incidental human exposure through environmental media. To update information
iii

about current uses, the Government launched a mandatory information-gathering
survey under section 71 of CEPA, as published in the Canada Gazette, Part I, on
October 3, 2009 (section 71 notice). Information submitted in response to the
section 71 Notice indicates that M. luteus strain ATCC 4698 was not imported
into or manufactured in Canada in 2008, except in limited quantities for academic
research, teaching, and research and development activities.
Based on the information available, it is concluded that M. luteus strain ATCC
4698 does not meet the criteria under paragraph 64(a) or (b) of CEPA as it is not
entering the environment in a quantity or concentration or under conditions that
have or may have an immediate or long-term harmful effect on the environment
or its biological diversity or that constitute or may constitute a danger to the
environment on which life depends. It is also concluded that M. luteus strain
ATCC 4698 does not meet the criteria under paragraph 64(c) of CEPA as it is not
entering the environment in a quantity or concentration or under conditions that
constitute or may constitute a danger in Canada to human life or health.

iv

Table of contents
Synopsis ............................................................................................................... ii
Introduction ..........................................................................................................vii
Decisions from domestic and international jurisdictions ...................................... viii
Domestic ..................................................................................................viii
International .............................................................................................viii
1. Hazard assessment ....................................................................................... 1
1.1 Characterization of Micrococcus luteus ............................................... 1
1.1.1 Taxonomic identification and strain history ....................................... 1
1.1.1.1 Phenotypic and molecular characteristics ................................... 2
1.1.2 Biological and ecological properties .................................................. 6
1.1.2.1 Natural occurrence ..................................................................... 6
1.1.2.2 Survival, persistence and dispersal in the environment .............. 8
1.1.2.3 Growth parameters ..................................................................... 9
1.1.2.4 Genomic features and horizontal gene transfer .......................... 9
1.1.2.5 Resistance/sensitivity to antibiotics and disinfecting agents ....... 9
1.1.2.6 Pathogenic and toxigenic characteristics .................................. 11
1.1.3 Effects ............................................................................................. 11
1.1.3.1 Environment.............................................................................. 11
1.1.3.2 Human health ........................................................................... 13
1.2 Hazard severity .................................................................................. 15
1.2.1 Environment ................................................................................ 15
1.2.2 Human health .............................................................................. 15
2. Exposure assessment ................................................................................. 16
2.1 Sources of exposure .......................................................................... 16
2.2 Exposure characterization ................................................................. 18
2.2.1 Environment ................................................................................ 18
2.2.2 Human ......................................................................................... 18
3. Risk characterization ................................................................................... 19
4. Conclusion ................................................................................................... 20
5. References .................................................................................................. 21
Appendices ......................................................................................................... 35
Appendix A: Phenotypic characteristics of M. luteus strain ATCC 4698 .. 35
Appendix B: Genotypic characteristics of M. luteus strain ATCC 4698.... 36

v

List of tables
Table 1-1: Ability of Micrococcus luteus biovars and the closely-related species
M. lylae to hydrolyse and use various substrates.................................................. 5
Table 1-2: Minimum inhibitory concentrations (MICs) for antibiotics against M.
luteus strain ATCC 4698. .................................................................................... 10
Table A-1: Phenotypic characteristics of Micrococcus luteus strain ATCC 4698
and Kocuria rhizophila ATCC 934. ...................................................................... 35
Table B-1: Plasmid-associated phenotypes in Micrococcus species. ................. 36

List of figures
Figure 1-1: A neighbour-joining phylogenetic tree based on 16S rRNA
sequences, showing the relationships among the ten Micrococcus species
(Prakash et al. 2014). The arrow indicates the DSL strain. ................................... 4
Figure B-1: Phylogenetic tree of Micrococcus species within the Arthrobacter
lineage of the subphylum of Actinomycetales, based on 16S rRNA gene
sequence analysis (Stackebrandt et al. 1995). The arrow indicates the DSL
strain. .................................................................................................................. 37

vi

Introduction
Pursuant to paragraph 74(b) of the Canadian Environmental Protection Act, 1999
(CEPA), the Minister of the Environment and the Minister of Health are required
to conduct screening assessments of living organisms added to the Domestic
Substances List (DSL) by virtue of section 105 of the Act, to determine whether
they present or may present a risk to the environment or human health
(according to criteria as set out in section 64 of CEPA). 1 M. luteus strain ATCC
4698 was added to the DSL under subsection 25(1) of CEPA 1988 and the DSL
under subsection 105(1) of CEPA because it was manufactured in or imported
into Canada between January 1, 1984 and December 31, 1986.
This screening assessment considers hazard information obtained from the
public domain and from unpublished research data from Health Canada 2 and
Environment Canada 3 research scientists, as well as comments from scientific
peer reviewers. Exposure information was obtained from the public domain and
from a mandatory CEPA section 71 notice published in the Canada Gazette, Part
I, on October 3, 2009. Further details on the risk assessment methodology used
are available in the Risk Assessment Framework document “Framework on the
Science-Based Risk Assessment of Micro-organisms under the Canadian
Environmental Protection Act, 1999” (Environment Canada and Health Canada,
2011).
In this report, data that are specific to DSL-listed M. luteus strain ATCC 4698 are
identified as such. Where strain-specific data were not available, surrogate
information from literature searches was used. When applicable, literature
searches conducted on the organism included its synonyms, and common and
superseded names. Surrogate organisms are identified in each case to the
taxonomic level provided by the source. Literature searches were conducted
using scientific literature databases (SCOPUS, Google Scholar, CAB abstracts),
web searches and key search terms for the identification of human health and
environmental hazards of the DSL strain assessed in this report. Information
identified up to November 2015 was considered for inclusion in this screening
assessment report.

1

A determination of whether one or more criteria of section 64 of CEPA are met is based on an assessment of potential
risks to the environment and/or to human health associated with exposure in the general environment. For humans, this
includes, but is not limited to, exposure from air, water and the use of products containing the substances. A conclusion
under CEPA may not be relevant to, nor does it preclude, an assessment against the criteria specified in the Hazardous
Products Regulations, which is part of the regulatory framework for the Workplace Hazardous Materials Information
System (WHMIS) for products intended for workplace use.
2
Testing conducted by Health Canada’s Environmental Health Science and Research Bureau
3
Testing conducted by Environment and Climate Change Canada’s Ecotoxicology and Wildlife Health Division
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Decisions from domestic and international jurisdictions
Domestic
The Public Health Agency of Canada (PHAC) assigned M. luteus to Risk Group 1
(low individual risk, low community risk) for both humans and terrestrial animals
(PHAC, 2011; PHAC personal communication, 2015).
M. luteus is not a concern for aquatic or terrestrial animals or plants by the
Canadian Food Inspection Agency (CFIA personal communication, 2015), and is
included on their list of “Organisms that do not require a Plant Protection Permit
to Import” (CFIA, 2011).

International
Germany’s Federal Institute for Occupational Safety and Health has placed M.
luteus strain ATCC 4698 in “Risk Group 1” (DSMZ, 2015).
Micrococcus species are considered to be harmless, non-pathogenic-,
commensal organisms (risk class 1, Approved List of Biological Agents 2004,
Advisory Committee on Dangerous Pathogens, Health and Safety Executive of
United Kingdom; HSE-UK, 2015).
No other international regulatory decisions were found regarding M. luteus4.

4

Government agencies and organizations searched include: the United States Environmental Protection Agency; United
States Food and Drug Administration; United States Animal and Plant Health Inspection Services; United States
Department of Agriculture; American Biological Safety Association; World Health Organization; United States Centers for
Disease Control; Biosecurity NZ; Australian Department of Health; European Food Safety Authority; European Centre for
Disease Prevention and Control; and the Invasive Species Specialist Group.
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1. Hazard assessment
1.1 Characterization of Micrococcus luteus
1.1.1 Taxonomic identification and strain history
Binomial name: Micrococcus luteus
Taxonomic designation:
Kingdom:

Bacteria

Phylum:

Actinobacteria

Class:

Actinobacteria

Order:

Actinomycetales

Family:

Micrococcaceae

Genus:

Micrococcus

Species:

Micrococcus luteus (Schroeter) Cohn, 1872; emend.
Wieser et al. 2002; validated Euzeby, 1997)

DSL strain:

Micrococcus luteus ATCC 4698

Synonyms, common and superseded names:
Micrococcus lysodeikticus, Sarcina citrea, Sarcina flava, Sarc ina lutea (LPSN,
2015), Bacteridium luteum (NCBI, 2015) Gaffkya tetragena, Micrococcus
Strain history:
Micrococcus luteus strain ATCC 4698 was originally deposited to the American Type
Culture Collection (ATCC) as Micrococcus lysodeikticus by A. Fleming, isolated by
culturing human nasal secretions for 4 days on blood agar (Fleming, 1922). It is the
type strain of the species.
Other noted designations for this strain include:
AJ 1009T, AS 1.2299T, ATCC 15307 T, ATCC 4698 T, BCRC 11034 T, BUCSAV 393
T
, CCM 169 T, CCRC 11034 T, CCT 2283 T, CCT 2688 T, CCT 2692 T, CCT 3024 T,
CCTM 2979 T, CCTM La 2979 T, CCUG 5858 T, CDBB 72 T, CECT 5053 T, CECT 51
T
, CECT 5863 T, CGMCC 1.1848 T, CGMCC 1.2299 T, CIP A270 T, CIPA270 T, CN
3475 T, CNCTC 6599 T, CNCTC M 15/65 T, DSM 20030 T, DSMZ 20030 T, FIRDI
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1034 T, Fleming A T, GIFU 8717 T, GISK 15307 T, HAMBI 1398 T, HAMBI 1399 T,
HAMBI 26 T, HUT-8101 T, IAM 1056 T, IAM 13591 T, IEGM 391 T, IEM 1056 T, IEM 65
T
, IEM M 15/65 T, IEM M15 T, IFO 1056 T, IFO 3333T, IMI 349015 T, IMSNU 20332 T,
IMSNU 20354 T, JCM 1464 T, KACC 10488 T, KCTC 1056T, KCTC 3063 T, LMD 78.1
T
, LMG 4050 T, ML8 T, NBIMCC 1439 T, NBRC 3333 T, NCCB 78001 T, NCDO 947 T,
NCFB 947 T, NCIB 10474 T, NCIB 9278 T, NCIM 2170 T, NCIMB 10474 T, NCIMB
9278 T, NCTC 2665 T, NRIC 1094 T, NRRL B-287 T, PCM 525 T, PCM 525 T, RIMD
1303001 T, SMG 4050 T, strain A. Fleming T, USCC 1230 T, USCC 1534 T, USCC 555
T
, VKM 1314 T, VKM Ac-2230 T, VKM B-1314 T, VKM B-1314 T, VKM B-1813 T, VTT
E-93442 T, WDCM 00111 T (Verslyppe et al. 2014; StrainInfo, 2014).
1.1.1.1 Phenotypic and molecular characteristics
The genus Micrococcus is the type genus of family Micrococcaceae, and was
originally described by Cohn (1872). The description of the genus has been revised
several times since then. The genus Staphylococcus was once included within the
genus Micrococcus, and was later separated as a new genus, based on glucose
utilization (Baird-Parker, 1965), and DNA guanine+cytosine (G+C) content (Rosypal
et al. 1966): the genus Micrococcus retained the aerobic glucose-utilizers or nonutilizers and strains with higher G+C (66-73%), while glucose-fermenters and strains
with low G+C (30-37%) were placed into the genus Staphylococcus. Four of the
eight remaining subgroups of the genus Micrococcus were later moved into the
genus Staphylococcus based on DNA-DNA hybridization and cell wall chemistry
(Stackebrandt et al. 1995).
It is important to be able to differentiate Micrococcus from Staphylococcus in clinical
microbiology, as coagulase (-) Staphylococcus has been misidentified as
Micrococcus in the past (Kocur et al. 2006). In addition to differences in glucose
metabolism and G+C content, Micrococcus and Staphylococcus can be
differentiated using culture-based methods: Micrococcus is capable of growth on
furazolidone-peptone agar, susceptible to bacitracin and the vibriostatic agent 0/129,
resistant to lysostaphin, and unable to grow on a selective medium containing
thiocyanate plus azide (Kocur et al. 2006). Micrococcus species also demonstrate a
much slower growth and more convex colony shape than do Staphylococcus
species (Kloos et al. 1974). Most strains of Staphylococcus aureus produce
coagulase while M. luteus strain ATCC 4698 does not (Mortensen and Kocur, 1967).
Micrococcus can also be phylogenetically differentiated from Staphylococcus based
on 5S rRNA sequences (Dekio et al. 1984) in addition to 16S rRNA gene sequence
analysis (Stackebrandt et al. 1995). The genus was further refined based on 16S
rRNA sequence analysis, resulting in four new genera: Kocuria, Nesterenkonia,
Kytococcus and Dermacoccus, being dissected from Micrococcus (Stackebrandt et
al. 1995), as shown in Appendix B, Figure B-1.
Presently, the genus Micrococcus includes 10 species (LPSN, 2015):
•

M. aloeverae (Prakash et al. 2014),
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•
•
•
•
•
•
•
•
•

M. antarcticus (Liu et al. 2000),
M. cohnii (Rieser et al. 2013),
M. endophyticus (Chen et al. 2009),
M. flavus (Liu et al. 2007),
M. lactis (Chittpurna et al. 2011),
M. luteus (Wieser. 2002),
M. lylae (Wieser. 2002),
M. terreus (Zhang et al. 2010),
M. yunnanensis (Zhao et al. 2009).

Taxonomic differentiation of Micrococcus species is more reliable by 16S rRNA gene
sequence analysis, using Micrococcaceae-specific signature nucleotides at positions
293-304, 610, 598, 615-625, 1025-1036, 1026-1035, 1265-1270 and 1278 according
to Escherichia coli numbering (Wieser et al., 2002). Health Canada scientists
confirmed the identity of the DSL strain to be M. luteus strain ATCC 4698 using full
length 16S rRNA gene sequence data by comparing to both the Microseq full gene
library 2.0 (99.78% match) and the Ribosomal Database Project release 11 (0.9920.987 match score).
A phylogenetic tree based on 16S rRNA gene sequence analyses of all 10
Micrococcus species showed that 8 of the 10 Micrococcus species, including
Micrococcus luteus, cluster together, while M. lactis and M. terreus cluster more
closely with Zhihengliuella and Arthrobacter species (see Figure 1-1).
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Figure 1-1: A neighbour-joining phylogenetic tree based on 16S rRNA
sequences, showing the relationships among the ten Micrococcus species
(Prakash et al. 2014). The arrow indicates the DSL strain.
M. luteus cells are non-motile, non-endospore forming, Gram-positive cocci, often
arranged in tetrads. Creamy, yellow-pigmented colonies are typical, while cream,
white or unpigmented strains have also been isolated (Kloos et al. 1974). M. luteus
is chemoorganotrophic, with a strictly respiratory metabolism. It is mesophilic
(optimum growth at 30-37oC). The upper limits of growth for M. luteus for
temperature, pH and salinity are 45°C, pH 10 and 10% NaCl, respectively. M. luteus
can form dormant structures which enable the cells to survive long periods under
adverse environmental conditions (Kaprelyants and Kell, 1993). M. luteus tests
positive for catalase, oxidase, utilization of D-glucose, sucrose and D-mannose, and
has A2 type peptidoglycan that contains L-lysine as the diagnostic amino acid, MK-8
and MK-8(H2) are the major menaquinones (Stackebrandt et al. 1995; Wieser et al.
4

2002). Identification using fatty acid methyl ester analysis has been reported to yield
false positives for M. luteus, requiring the identification to be confirmed by the
observation of Gram positive cocci (Oka et al. 2000).
In the analysis of 10 different M. luteus strains, only utilization of D-mannose (+), Lleucine (-), 3- and 4-hydroxybenzoate (-) and yellow-pigmentation (+) tests were
invariable among the strains (Wieser et al. 2002). Wieser et al. (2002) proposed 3
biovars of M. luteus based on these variable characteristics, placing the type strain
M. luteus strain ATCC 4698 in biovar 1, which is more restricted in its ability to
assimilate a variety of substrates than the other M. luteus biovars or the closelyrelated M. lylae (Table 1-1). Thus, the substrate utilization profile may be useful to
differentiate ATCC 4698 from closely related strains and M. lylae species.
Table 1-1: Ability of Micrococcus luteus biovars and the closely-related
species M. lylae to hydrolyse and use various substrates
Substrates
D-Mannose
D-Maltose
D-Trehalose
Acetate
Propionate
DL-3Hydroxybutryate
DL-Lactate
Oxoglutarate
Pyruvate
L-Histidine
L-Leucine
L-Phenylalanine
L-Serine
3Hydroxybenzoate
4Hydroxybenzoate
Phenylacetate
L-Proline pNAe
Caseine

M. luteus
Biovar Ia
+
+
-

M. luteus
Biovar IIb
+
+
+
+
+

-

+
+
+
+
+

+
-

+

+
+
+

M. luteus
Biovar IIIc
+
+
+
+

M. lylaed

+
+
+
+
-

+
+
+
+
+

-

+

-

+
-

+
+
+
+

Adapted from Wieser et al. 2002
Biovar I is represented by the type strain ATCC 4698
b
Biovar II is represented by strain D7 but also includes strains 3, 6, 7, 13C2, 38,
83,118
c
Biovar III is represented by strain Ballarat
d
M. lylae is represented by the type strain DSM20315
e
Hydrolysis only
+, positive;-, negative.

a
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In addition to its more restricted substrate assimilation profile, M. luteus can be
differentiated from M. lylae on the basis of peptidoglycan, menaquinone and fatty
acid composition. M. luteus contains the L-Lys peptide subunit in its cell wall
peptidoglycan while M. lylae has the L-Lys-D-Asp subunit type. The menaquinone
composition of M. luteus is mainly MK-8 with some MK-8(H2) and MK-7, whereas
that of M. lylae is mainly MK-8(H2), with small amounts of MK-7(H2) and MK-9(H2)
(Stackebrandt et al. 1995). Approximately 4% of the fatty acids of M. luteus strain
ATCC 4698 are C16:1ω7c, whereas this type is undetected in M. lylae. Conversely,
3.7% of the fatty acids of M. lylae are of i-C17:0 and ai-C17:0, of which only trace
amounts are found in M. luteus type strain (Wieser et al. 2002).
M. luteus strain ATCC 4698 is phylogenetically related to Kocuria rhizophila, which
was formerly considered a M. luteus strain (ATCC 934) based on 5S rRNA
sequences (Dekio et al. 1984). This relatedness was also confirmed by genomic
sequence analysis (Young et al. 2010). However, physiological differences between
ATCC 9341 and ATCC 4698 ultimately resulted in the classification of the former as
K. rhizophila (Tang and Gillevet, 2003; see Appendix, Table A-1).

1.1.2 Biological and ecological properties
1.1.2.1 Natural occurrence
M. luteus strains are ubiquitous in the environment and considered to be part of the
normal flora of the mammalian skin. M. luteus strains have been isolated from
diverse habitats:
Mammalian skin
•
•

human skin of the head, legs and arms (Kloos et al. 1974; Kloos and
Musselwhite, 1975),
skin of a variety of mammals, including squirrels, rats, raccoons, opossums,
horses, swine, cattle, dogs, and various primates (Kloos et al. 1976).

In association with other animals and plants
•
•
•
•
•

intestine of nile tilapia (Oreochromis niloticus) (Abd El-Rhman et al. 2009),
mucus of the red sea coral (Fungia scotia) (Lampert et al. 2006).
living sponge (Bultel-Poncé et al. 1998),
summer chafer, an insect pest of hazelnuts (Amphimallon solstitiale L) (Sezen
et al. 2005),
grapevine (Altalhi 2009).

Soil and Water
•
•

drinking water (Rusin et al. 1997),
a biofilm in a freshwater tank (Rickard et al. 2003).
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•
•

sea surface microlayers of polluted waters (Agogué et al. 2005)
soil (Sims et al. 1986; Biskupiak et al. 1988),

Wastewater and contaminated sites
•
•
•
•

activated sludge plant (Wieser et al. 2002),
effluent of the textile industry (Bari and Bhardwaj, 2014),
nitrobenzene-contaminated activated sludge (Zheng et al. 2009)
oligotrophic lake containing pesticides (López et al. 2005).

Extreme environments
•
•
•
•

polar ice (Antony et al. 2012),
microbial mats of Antarctic lakes (Van Trappen et al. 2002),
120 million year old amber (Greenblatt et al. 2004).
alkaline groundwater (pH 11.4) (Tiago et al. 2004),

M. luteus is also frequently isolated from sites that have likely become contaminated
with M. luteus through contact with mammalian skin, either through direct human
contact or shedding of skin:
Indoor air
•
•

in a museum (Wieser et al. 2002),
in a suburban elementary school (Kooken et al. 2012).

Surface dust
•
•

a medieval wall painting in a chapel (Wieser et al. 2002)
in space in the MIR and the ISS stations (Gu, 2007),

Medical settings
•
•
•
•
•
•

stethoscopes (Marinella et al. 1997).
otolaryngology equipment (Powell et al. 2003),
orthodontic buccal tubes (Purmal et al. 2010),
doctors’ cell phones (Tambekar et al. 2008), 0
rinse water of washer disinfectors (Martin et al. 2008),
a contaminant in 4 lots of a recalled drug, cefazolin (US-FDA, 2006)

Food (as a contaminant)
•
•
•

cheese (Addis et al. 2001; Prado et al. 2001),
a dry-fermented sausage in Spain (García Fontán et al. 2007),
beer (Pittet et al. 2010)
7

1.1.2.2 Survival, persistence and dispersal in the environment
Although M. luteus is normally copiotrophic (Kaprelyants and Kell, 1993), it can
survive oligotrophic conditions (Dib et al. 2013). M. luteus can form non-endospore
dormant structures (Kaprelyants and Kell, 1993; Kaprelyants et al. 1993,
Mukamolova et al. 1995, 2002, 2006; Votyakova et al. 1994), which enable the cells
to survive long periods under adverse environmental conditions, such as starvation
and dryness (Kaprelyants et al. 1993). The adaptability of M. luteus to extreme
environments has been attributed to these dormant structures (Dib et al. 2008;
Ordonez et al. 2009). For example, live M. luteus was isolated from 120 million year
old amber (Greenblatt et al. 2004). In another example, populations of M. luteus
strain ATCC 4698 declined by < 2 log10 after 25 days post inoculation onto dry
cotton, indicating its resistance to dryness (Hirai, 1991). This viable but nonculturable state ends when favourable conditions trigger a “revival factor or
resuscitation promoting factor” coded by the gene rpf (Mukamolova et al. 2002;
Greenblatt et al. 2004). In contrast to most Actinobacteria, M. luteus has only one
copy of the rpf gene (Young et al. 2010). However, the significance of this is not
well-understood.
M. luteus cells became undetectable within 3 weeks of inoculation into soil at 2.5 x
107 cells/g (dry weight) soil. The disappearance of M. luteus was attributed to the
presence of bacterial predators (Casida, 1980a), including a filamentous organism
similar to Streptoverticillium species and an unidentified Gram-negative rod shaped
bacterium (Casida, 1980b). Later, Myxococcus xanthus was also shown to be one of
the predators of M. luteus (Hillesland et al. 2007). Cold (4°C), dryness (2.5%
humidity) and starvation increased the survival of M. luteus in soil (Casida, 1980a),
possibly by creating unfavorable growth conditions, and thereby inducing dormacy
(Dib et al. 2013).
M. luteus strain ATCC 4698 is susceptible to antibacterial compounds produced by
other micro-organisms, which could make it a poor competitor outside of its niche
environment. For example, it is susceptible to antibacterial activities of some strains
of Aeromonas caviae, Aeromonas hydrophila, Aeromonas jandaei, Aeromonas
sobria, Bacillus species, Enterobacteriaceae, Bacterioides type A, Bacterioidaceae
and Clostridium species isolated from the intestines of various freshwater fish
including Common Carp, Rainbow Trout, and Tilapia in Japan (Sugita et al. 1996);
some psychrotrophic bacterial strains isolated from Antarctica (Lo Giudice et al.
2007), S. aureus 4185 (Ceotto et al. 2010), and Lactobacillus rhamnosus
(Dimitrijević et al. 2009), and the dermatophyte, Trichophyton mentagrophytes (Bibel
and Smiljanic, 1979). M. luteus can form biofilms in both pure and mixed cultures.
However, in some mixed cultures, M. luteus is quickly outcompeted and becomes
undetectable because of antagonism by other micro-organisms, such as
Pseudomonas aeruginosa and S. aureus (Malic et al. 2011).

8

1.1.2.3 Growth parameters
M. luteus is a mesophilic aerobe (DSMZ, 2015), which thrives at temperatures from
approximately 15°C to 40°C. Recommended growth conditions for M. luteus strain
ATCC 4698 are 30°C on Nutrient Agar/Broth (DSMZ, 2015; ATCC, 2015) although it
also grows well at 37°C (Kocur et al. 2006). Under favourable conditions (e.g.
nutrient agar supplemented with 0.5% w/v L-lactate and 0.05% yeast extract) the
doubling time is approximately 4 hours (Kaprelyants and Kell, 1993).
1.1.2.4 Genomic features and horizontal gene transfer
M. luteus strain ATCC 4698 has one of the smallest genomes of any free-living
actinobacterium sequenced to date, which consists of a single circular chromosome
spanning 2,501,097 bp with 73% G+C content and encoding 2,403 predicted
proteins, (Young et al. 2010). Some of the main features of M. luteus strain ATCC
4698 are:
•
•
•
•
•
•
•
•

73 insertion sequence (IS) elements, most showing homology with
corresponding sequences in other Actinobacteria;
4 sigma factors and 14 response regulators, possibly reflecting a high degree
of adaptation to the preferred habitat of mammalian skin;
very few genes involved in secondary metabolism;
a 3-gene cluster associated with long-chain alkene biosynthesis
only one gene for a resuscitation-promoting factor (Rpf);
lacks the wblC gene associated with antibiotic resistance;
a reduced set of penicillin-binding proteins possibly reflective of its sensitivity
to β-lactam antibiotics; and
no gene for glucokinase.

A recent review of the extrachromosomal genetic elements in Micrococcus species
describes the presence of a number of circular and linear plasmids and
bacteriophages and transposable elements which play a role in horizontal gene
transfer (Dib et al. 2013). Most plasmids are associated with degradation of
chemicals in the environment and resistance to chemicals, heavy metals and
antibiotics. These plasmids and associated phenotypes of Micrococcus species are
listed in Appendix Table B-1.
1.1.2.5 Resistance/sensitivity to antibiotics and disinfecting agents
M. luteus is sensitive to most antibiotics, including penicillin, gentamicin,
clindamycin, and vancomycin (Bannerman and Peacock, 2007). However,
resistance to penicillin G, tetracycline, clindamycin, nitrofurantoin, erythromycin and
lincomycin have been observed in some strains (Lampert et al. 2006; Liebl et al.
2002; Magee et al. 1990). Seven of nine M. luteus strains isolated from biofilms
formed in the endotracheal tubes of 9/20 patients in a university hospital in Belgium
were resistant to oxacillin (Vandecandelaere et al. 2013).
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Antibiotic susceptibility testing of M. luteus strain ATCC 4698 was also performed by
Health Canada Scientists (Table 1-2).
Table 1-2: Minimum inhibitory concentrations (MICs)a for antibiotics against
M. luteus strain ATCC 4698
Antibiotic

MIC (mean ± SD)

Amoxicillin (S)
Cefotaxime (S)
Ciprofloxacin (R)
Clindamycin (IE)
Imipenem (S)
Levofloxacin (R)
Linezolid (S)
Meropenem (S)
Oxacillin (IE)
Tetracycline (S)
Tigecycline (R)
Vancomycin (IE)

0.035 ± 0.023
0.12 ± 0
1±0
0.05 ± 0.03
0.009 ± 0.006
2±0
0.67 ± 0.29
0.015 ± 0
2.0 ± 1.7
1.17 ± 0.78
0.83 ± 0.29
0.38 ± 0.14

MIC for Clinical Breakpoint
(mg/L)
S≤2 R>8
S≤1 R>2
S≤0.5 R>1
IE
S≤2 R>8
S≤1 R>2
S≤2 R>2
S≤2 R>8
IE
S≤2 R>2
S≤0.25 R>0.5
IE

There is insufficient evidence (IE) about MIC values and clinical relevance unless otherwise stated as
(R) for resistance and (S) for sensitivity according to EUCAST, 2015.
a
Tests performed by Health Canada’s Environmental Health Sciences and Research Bureau
®
(Antibiotic Strips-Oxoid , incubated 37⁰C, 24h, TSB agar)

M. luteus biofilms formed on stainless steel surfaces are more sensitive to
disinfecting agents hydrogen peroxide and peroxyacetic acid than the biofilms
formed by other bacteria, such as Listeria innocua, Pseudomonas putida and
Staphylococcus hominis (Królasik et al. 2010). M. luteus strain ATCC 4698 is
susceptible to 0.03% chlorine dioxide, 7.5% hydrogen peroxide or 2.25% peracetic
acid, causing >5 log10 reduction in cell viability after 30 seconds exposure (Martin et
al. 2008). M. luteus strain ATCC 4698 is also sensitive to: Schiff bases and their
derivatives (Panneerselvam et al. 2005 and 2009; Shingade and Bari, 2013), some
coumarin triazole derivatives with MICs as low as 1 µg/mL (Shi and Zhou, 2011),
and human lactoferrin (de Lillo et al. 1997). An unnamed strain of M. luteus was
reported to be sensitive to silver nanoparticles (MIC= 8.8 µg/µl) much more than
silver nitrate as determined by its larger zone of inhibition (19 mm vs 9 mm) on agar
plates (Balashanmugam and Kalaichelvan, 2015).
M. luteus strain ATCC 4698 possesses UV resistance conferred by a UvrABC-like
nucleotide excision repair mechanism (Piersen et al. 1995, Zherebtsov and Tomilin,
1975). In spite of this, M. luteus strain ATCC 4698 is sensitive to germicidal UV
radiation (200-260 nm) under which it is inactivated more efficiently at low humidity
(20-25%) than higher humidity (90-95%) (Gorsuch et al. 1998). M. luteus is sensitive
to high pressure carbon dioxide, and treatment with 50 bar carbon dioxide at 65°C
completely inactivated M. luteus strain ATCC 4698 on hospital-type fabric (50%
cotton and 50% polyester) (Cinquemani et al. 2007). The effect was dependent on
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the presence of as little as <1% v/v water, suggesting that the mechanism of this
effect may be the formation of carbonic acid within the cell.
1.1.2.6 Pathogenic and toxigenic characteristics
A soil isolate, M. luteus ATCC 53598, produced the novel sulfur-containing antibiotic
neoberninamycin, which was inactive against Gram-negative aerobes but active
against both aerobic and anaerobic Gram-positive bacteria (Biskupiak et al. 1988).
There is no evidence in the literature of strain ATCC 4698 producing this antibiotic.
Like other Gram-positive bacteria, the cell wall of M. luteus contains teichuronic acid,
peptidoglycan and lipoglycans, which, like many bacterial cell wall components, are
potent immunostimulatory molecules. Purified teichuronic acid and lipoglycan from
M. luteus were shown to induce cytokines, such as tumour necrosis factor-α in mice
(Monodane et al. 2001) and interleukin-6 in a human macrophage cell line (Blanc et
al. 2013), respectively. Peptidoglycan fragments from M. luteus induce lysozyme
production in larvae of the tobacco hornworm (Manduca sexta) (Kanost et al. 1988),
and induce antibacterial protein synthesis in silkworm (Bombyx mori) larvae (Iketani
et al. 1999). Lysozyme can neutralize the proinflammatory effects of peptidoglycan;
lysozyme-deficient mice experience extensive tissue injury when experimentally
injected with M. luteus strain ATCC 4698 and this effect is the same whether
M. luteus cells are live or killed, suggesting that inactivation of peptidoglycan, not a
bacteriocidal effect of lysozyme, is protective (Ganz et al. 2003).
Extensive literature searches found no other virulence factors or toxins in M. luteus.

1.1.3 Effects
1.1.3.1 Environment
There are no reports in the publicly available literature directly implicating M. luteus
strain ATCC 4698 in adverse effects on aquatic or terrestrial vertebrates and
invertebrates or plants.
Aquatic vertebrates
M. luteus strain ATCC 4698 is sensitive to the antibacterial effects of several
microbial species of the intestinal flora of fish, including rainbow trout (Sugita et al.
1996). However, M. luteus was also isolated together with other bacteria from an
outbreak of rainbow trout fry syndrome in farmed British rainbow trout (Austin and
Stoble, 1992). The fish experimentally injected with the same M. luteus strain
showed 54% mortality (Austin and Stoble, 1992).
A strain of M. luteus was reported to have caused chronic and sporadic infections in
farmed rainbow trout over the course of four years (1993-1996), resulting in lesions
on the skin and caudal fin as well as lesions on muscle, liver and spleen (Aydin et al.
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2005). Infections were not observed again in the following five years. However, the
strain was identified using a limited number of biochemical tests and was recorded
as being motile, which is not typically a characteristic of M. luteus, so it may have
been misidentified. Moreover, the organism lacks genes for synthesis and assembly
of flagella and this fact alone serves to cast very serious doubt on identification of
the causative organism as M. luteus.
In contrast to the above report, a native strain of M. luteus isolated from Nile tilapia
(O. niloticus) and used as a probiotic for the same fish showed some in vitro
antibacterial activity against fish pathogen A. hydrophila and reduced mortality
caused by this organism in vivo (Abd El-Rhman et al. 2009).
Terrestrial vertebrates
M. luteus was identified as one of eight bacterial species (Bacillus cereus,
Corynebacterium pyogenes, E. coli, M. luteus, Pasteurella haemolytica, Pasteurella
multocida, P. aeruginosa and S. aureus) isolated in mastitic milk samples from
Camels (Fazlani et al. 2008). M. luteus was also identified as one of eleven bacterial
species (Streptococcus pyogenes, Strptococcus uberis, S. aureus, Streptococcus
intermedius, Corynebacterium diphtheria, C. pyogenes, E. coli, Proteus vulgaris,
P. aeruginosa, M. luteus and Stomatococcus mucilaginosus) isolated from surgical
and non-surgical wounds of buffaloes, cattle, sheep and goats (Khan and Rind,
2001). Since M. luteus is part of the natural flora of these animals, and it was
isolated with other bacteria that are more likely candidates for causing these
infections, it is unlikely that M. luteus was the primary pathogen in the above two
cases.
Aquatic invertebrates
M. luteus appears to be a normal inhabitant of aquatic ecosystems, yet no adverse
effects of M. luteus on aquatic invertebrates have been reported in the literature.
M. luteus is susceptible to antibacterial compounds in fractions of coral (Leptogorgia
virgulata) tissue (Shapo et al. 2007), suggesting that corals are protected from
infection with M. luteus.
Terrestrial invertebrates
A strain identified as M. luteus based on morphological, physiological and
biochemical tests showed moderate biocontrol potential against summer chafer
(A. solstitiale L), producing 30% mortality in larvae when included in the diet in high
quantity (100 µg/mL).This was compared to 90% mortality from an isolate identified
as B. cereus and 72% from an isolate identified as Bacillus thuringiensis (Sezen et
al. 2005). Environment and Climate Change Canada Research scientists performed
a springtail reproduction test using M. luteus strain ATCC 4698 on the common soil
invertebrate Folsomia candida , according to standardized test method EPS
1/RM/44/ (Environment Canada, 2014). No significant adverse effects of M. luteus
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strain ATCC 4698 on adult survival or juvenile production were observed
(unpublished data by Environment Canada).
M. luteus is susceptible to antibiotic activity of the hemolymph of four millipede and
centipede species: Chicobolus species, Rhapidostreptus virgator, Lithobius
forficatus and Scolopendra cingulata, suggesting that these arthropods are protected
from infection with M. luteus (Xylander and Nevermann, 1990).
Plants
Recently, one strain identified as M. luteus strain SUBF006, was demonstrated
using Koch’s postulates to be a phytopathogen for the leaves of Mango plant
(Mangifera indica L. vr. Nylon) in India, and genes involved in its virulence were
identified by whole genome sequencing. SUBF006, however, shows little
resemblance to the ATCC 4698 since it has a 50% bigger genome size (3.86 MB)
than the DSL strain (2.5 MB), and the 439 nt partial 16S rRNA gene sequence of
SUBG006 shares only 94% identity with the 1418 nt 16S rRNA gene sequence of
ATCC 4698, and matches over 100 other strains of Micrococcus. (Rakhashiya et al.
2015).
No other adverse effects of M. luteus on terrestrial or aquatic plants were found in
the literature. One of the desiccation-tolerant strains of M. luteus isolated from the
rhizosphere of an unnamed desert plant showed a plant growth promoting effect.
Inoculation of corn (Zea mays) with this strain increased the number of leaves, shoot
and root length, and increased dry weight per gram of fresh weight by 54% (Raza
and Faisal, 2013).
1.1.3.2 Human health
There are no reports in the publicly available literature clearly implicating M. luteus
strain ATCC 4698 in adverse effects on humans.
Generally, M. luteus is considered to be a harmless, non-pathogenic, commensal
organism that is rarely isolated as an opportunistic pathogen. Older case reports of
infection were diagnosed using methods that did not differentiate between
coagulase-negative Staphylococcus and Micrococcus. Many older reports of
Micrococcus infections were later attributed to various Staphylococcus species
(reviewed by Kocur et al. 2006). The vast majority of 212 micrococcal urogenital
tract isolates (identified by conventional methods) were re-identified as
Staphylococcus after re-testing with API Staph test, and only 5 were not verified by
API Staph (Baldellon and Megraud 1985). Furthermore, Seifert et al. (1995)
reviewed 16 cases of endocarditis involving prosthetic heart valves and cardiac
surgery that were originally attributed to Micrococcus species, and found that
microbiological information provided in these publications was not sufficient to
differentiate Micrococcus from coagulase-negative Staphylococcus species. As a
result, only a few of the reported cases would now be accepted as Micrococcus
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species. Kocur et al. (2006) suggested that data from the mid-1990s onwards should
be considered for assessing the pathogenicity of M. luteus.
The following reported cases have been attributed to M. luteus in the literature from
1995 to present:
•
•
•
•
•
•
•

one case of prosthetic valve endocarditis in a 71 year old man (Seifert et al.
1995);
one case of central venous catheter-related bacteremia in a 48 year old
female, kidney patient after hemodialysis (Peces et al. 1997);
one case of central venous catheter-related bacteremia in a 14 year old male
cancer patient who had been treated earlier for a Klebsiella pneumoniae
infection, and later died during treatment (Shanks et al. 2001);
28 cases of bacteremia after medication with central venous catheters were
identified in a seven-year survey from 2002 to 2008 (Hirata et al. 2009);
one case of transient bacteremia in a teenager after removal of an orthodontic
appliance (Gürel et al. 2009);
one case of bacteremia in a 57 year old male with aseptic liver abscesses
(Andreopoulos et al. 2000);
one case of native valve endocarditis in a 74 year old female, cancer patient
who also had knee replacement surgery (Miltiadous and Elisaf 2011).

There are also a few reported infections attributed to Micrococcus, in which the
species was not identified. These have been included in this report as M. luteus
could have been the agent isolated:
•

•
•
•
•

three cases of peritionitis in peritoneal dialysis patients, one of which was
polymicrobial with Pseudomonas oryzihabitans, coagulase-negative
Staphylococcus species and non-fermentative Gram-negative bacteria (Kao
et al. 2014);
90 cases of bacteremia in cancer patients identified in a ten-year survey from
1997 to 2006 (Ramos et al. 2009);
fatal pulmonary hemorrhage in two children with acute lymphoblastic
leukemia (Payne et al. 2003);
three cases of folliculitis in HIV-1 patients (Smith et al. 1999);
six cases of bacteremia: two cases related to central venous catheters in
leukemia patients; three cases associated with peritoneal dialysis and one
case related to a ventricular-peritoneal shunt (Magee et al. 1990).

In most of the above-noted cases, M. luteus was the sole organism isolated.
Infections were treated successfully with antibiotics in most cases, or deaths
were due to the underlying medical conditions of the patients. Since Micrococcus
species are part of the healthy skin flora, their role in disease is thought to be
limited, but the organism appears to be capable of attacking damaged tissues
(Seifert et al. 1995).
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1.2 Hazard severity
1.2.1 Environment
The environmental hazard potential of M. luteus strain ATCC 4698 is assessed to be
low because despite of the widespread occurrence of M. luteus in the environment,
the evidence from the scientific literature suggests that M. luteus does not adversely
affect aquatic or terrestrial vertebrates, invertebrates or plants at the population level
in the environment.
There are no reports in the scientific literature directly implicating M. luteus strain
ATCC 4698 in adverse effects on the environment.
No adverse effects of M. luteus have been observed in aquatic or terrestrial
invertebrates. While a moderate biocontrol effect of M. luteus towards an insect pest
of Hazelnuts was observed under experimental conditions, a Springtail reproduction
test using M. luteus strain ATCC 4698 did not elicit adverse effects on adult survival
or juvenile production. M. luteus is susceptible to the antimicrobial defenses of
invertebrate species including Corals, millipedes and centipedes. No other adverse
effects in aquatic or terrestrial plants have been attributed to M. luteus. Instead,
M. luteus shows promise as a plant growth promoting bacterium of corn.
1.2.2 Human health
The human hazard potential of M. luteus strain ATCC 4698 is assessed to be low.
There are no reports in the scientific literature directly implicating M. luteus strain
ATCC 4698 in adverse effects on human health. Most M. luteus infections, and
particularly urinary tract infections, reported before the mid-1990s were later reidentified as Staphylococcus. A small number of cases of human infection with
M. luteus, which is universally present on human skin, have been reported since
1995. Almost all followed a medical procedure that could introduce micro-organisms
from the skin into sterile body compartments, often in individuals with debilitating
diseases, such as cancer or kidney failure. In the unlikely event of infection with the
DSL strain, M. luteus is sensitive to many antibiotics.
Hazards related to micro-organisms used in the workplace should be classified
accordingly under the Workplace Hazardous Materials Information System
(WHMIS)5.

5

A determination of whether one or more criteria of section 64 of CEPA are met is based on an assessment of potential risks to
the environment and/or to human health associated with exposure in the general environment. For humans, this includes, but is
not limited to, exposure from air, water and the use of products containing the substances. A conclusion under CEPA may not
be relevant to, nor does it preclude, an assessment against the criteria specified in the Hazardous Products Regulations, which
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2. Exposure assessment
2.1 Sources of exposure
This assessment considers exposure to M. luteus strain ATCC 4698 resulting from
its deliberate addition to consumer or commercial products and its use in industrial
processes in Canada.
M. luteus strain ATCC 4698 was nominated to the DSL for use in combination with
enzymes and other micro-organisms in wastewater drains, sewers, grease traps,
septic systems and wastewater treatment facilities.
Responses to a voluntary questionnaire sent in 2007 to a subset of key
biotechnology companies, combined with information obtained from other federal
regulatory and non-regulatory programs, indicated that that 10,000 to 100,000 kg of
products potentially containing M. luteus strain ATCC 4698 (formulation and
concentration unknown) were imported into or manufactured in Canada in 20062007 for use in consumer and commercial products.
The Government conducted a mandatory information-gathering survey under section
71 of CEPA, as published in the Canada Gazette, Part I, on October 3, 2009
(section 71 notice). The section 71 notice applied to any persons who, during the
2008 calendar year, manufactured or imported M. luteus strain ATCC 4698, whether
alone, in a mixture or in a product. The results indicated that M. luteus strain ATCC
4698 was not imported or manufactured in Canada in 2008, except for limited
quantities used for academic research, teaching, and research and development
activities.
The 2007 and 2009 surveys differed significantly in target and scope. In this
assessment, results from the 2009 survey were used to estimate exposure from
current uses because it requested information on uses of the specific strain of the
micro-organism that is listed on the DSL, whereas the 2007 survey asked about
uses of the products that had been associated with the micro-organism at the time it
was nominated to the DSL. Because product formulations may have changed,
information from the 2009 survey may more accurately represent current uses. Uses
reported in the 2007 voluntary survey were also considered in the assessment of
potential uses.

is part of the regulatory framework for the Workplace Hazardous Materials Information System (WHMIS) for products intended
for workplace use.
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Although, no large quantities were reported for ATCC 4698 during the mandatory
survey, it is available for purchase from the ATCC. It could be an attractive choice
for commercialization given it is on the DSL and so can be used in Canada without
prior notification. A search of the public domain (MSDS, literature and patents)
revealed the following consumer, commercial and industrial applications for other
strains of M. luteus. These represent possible uses of the DSL strain, as strain
ATCC 4698 is likely to share the characteristics (modes of action) with other
commercialized M. luteus strains:
•

biodegradation and bioremediation of toxic pollutants (reviewed in Dib et al.
2013):
o petroleum (Austin et al. 1977),
o pyridines (Sims et al. 1986; Sims and O'Loughlin, 1992),
o chlorinated biphenyls (Bevinakatti and Ninnekar, 1993),
o nitrobenzene (Zheng et al. 2009),
o dyes, such as Methyl Red, Methyl Orange, Crystal Violet, Erichrome
Black and Malachite Green (Bari and Bhardwaj, 2014), phthalate
esters (Eaton and Ribbons, 1982),
o polyacrylonitrile polymers (Fischer-Colbrie et al. 2007),
o naphthalene (Zhuang et al. 2003),
o pesticides (López et al. 2005).

•

accumulation of heavy metals from the environment:
o gold (Levchenko et al. 2002),
o strontium (Faison et al. 1990),
o copper and lead (Puyen et al. 2012)

•

as a production organism for:
o long-chain hydrocarbons as biofuels, lubricants (Beller et al. 2010;
Young et al. 2010),
o the antibiotic neoberninamycin (Biskupiak et al. 1988),
o glutaminases (Chantawannakul et al. 2003),
o esterases (Akita et al. 2001),
o proteases (Clark et al. 2000; Manikandan et al. 2011),
o ribavirin ( Fujishima and Yamamoto, 1986),
o L-aspartyl-L-phenyl-alanine esters (Yokozeki et al. 1987),
o 2,6-diaminopurine-2’-deoxyriboside and 2’-deoxyguanosine (Yokozeki
et al. 2001),

•
•
•
•
•

growth promotion of plants (Raza and Faisal, 2013),
growth promotion of fish (Abd El-Rhman et al. 2009),
a probiotic nutritional preparation (Van Hoey-De-Boer and Hageman,1999),
part of a dairy product (Vermin and Spinnler, 2004),
a skin treatment composition for odour control and biocontrol of bacterial skin
disorders (Tagg et al. 2006a, 2006b, 2012),
an ingredient in sunscreen (SINTEF, 2013),

•
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•

a test organism for lysozyme preparations (Herrmann and Klein, 1999).

These represent possible uses of the DSL strain, as strain ATCC 4698 is likely to
share the characteristics (modes of action) with other commercialized M. luteus
strains.

2.2 Exposure characterization
2.2.1 Environment
Based on the absence of consumer or commercial activity in Canada according to
the section 71 notice, the overall environmental exposure estimation for M. luteus
strain ATCC 4698 is low. Nevertheless, given the range and scale of known and
potential applications of the species M. luteus described in Section 2.1, there is
potential for an increase in environmental exposure to M. luteus strain ATCC 4698,
and exposure scenarios arising from these uses have therefore been considered.
M. luteus strains can metabolize a wide range of toxic chemicals which makes them
of potential use for biodegradation and bioremediation. They can also bind dissolved
metals from aqueous solutions, with applications both in bioremediation and
recovery of precious metals. Other potential uses include growth promotion of
terrestrial plants and fish. Should these potential uses of M. luteus be realized for
strain ATCC 4698 in Canada, it is likely to be introduced into both terrestrial and
aquatic ecosystems. Exposure to M. luteus strain ATCC 4698 could also occur via
wastewater or effluent from facilities using M. luteus strain ATCC 4698 as a
production organism for enzymes and other biomolecules; however, adherence to
good manufacturing practices would be expected to limit releases of the microorganism.
The extent of exposure to M. luteus strain ATCC 4698 will depend on the quantity
released, and on its survival, persistence and dispersal in the receiving environment.
M. luteus does not persist in soil under natural conditions (Casida, 1980a).
Nevertheless, under dry, cold or nutrient-starved conditions, some cells may persist
as dormant structures, remaining viable until suitable conditions for growth arise (Dib
et al. 2008). As a normal inhabitant of aquatic ecosystems, M. luteus introduced into
aquatic environments could be expected to persist; however, M. luteus is susceptible
to predation and anti-bacterial activities of other organisms, which is expected to
limit its ability to maintain elevated populations in both terrestrial and aquatic ecosystems, and the effect of microbiostasis (Leung et al. 1995; van Veen et al. 1997) is
expected to eventually restore introduced populations to background levels.
2.2.2 Human
Based on the absence of consumer or commercial activity in Canada according to
responses to the section 71 notice, the overall human exposure estimation for
M. luteus strain ATCC 4698 is low. Nevertheless, given the range and scale of
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known and potential applications of the species M. luteus listed in Section 2.1, there
is potential for increase in human exposure to M. luteus strain ATCC 4698.
Should potential uses identified in section 2.1 be realized in Canada, probiotics,
pharmaceuticals or cosmetics uses would provide the greatest sources of direct
human exposure for strain ATCC 4698. Since M. luteus is part of the normal flora of
human skin and mucosa and ATCC 4698 was originally isolated from human
mucosa, exposure to the organism will cause a temporary clonal increase of M.
luteus strain ATCC 4698.
Direct exposure of the general population would not be expected in the event M.
luteus strain ATCC 4698 is used in Canada for bioremediation/biodegradation of
toxic compounds, metal binding or as a production organism. Indirect exposure to
M. luteus strain ATCC 4698 could occur in the vicinity of the treated sites, but is not
expected to be greater than direct exposure during the product application. Indirect
exposure to M. luteus strain ATCC 4698 in soils, subsequent to its use as a plant
growth promotant or in bodies of water subsequent to its use as a fish probiotic
could also occur.
In the event that the organism enters municipal drinking water treatment systems
through release from potential uses, the water treatment process, which includes
coagulation, flocculation, ozonation, filtration and chlorination, is expected to
effectively eliminate these micro-organisms from drinking water.

3. Risk characterization
In this assessment, risk is characterized according to a paradigm whereby a hazard
and exposure to that hazard are both required for there to be a risk. The risk
assessment conclusion is based on the hazard, and on what is known about
exposure from current uses.
Hazard has been estimated for M. luteus strain ATCC 4698 to be low for the
environment and for human health. Environmental and human exposure to M. luteus
strain ATCC 4698 is not currently expected (low exposure), so the risk associated
with current uses is estimated to be low for both the environment and human health.
The determination of risk from current uses is followed by consideration of the
estimated hazard in relation to foreseeable future exposures (from new uses).
M. luteus strains have useful properties that could result in future increases in
environmental and human exposure to products containing this strain, if these
foreseeable uses are realized in Canada. However, the risk from foreseeable future
exposures is expected to remain low.
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4. Conclusion
Based on the information presented in this screening assessment, it is concluded
that M. luteus strain ATCC 4698 is not entering the environment in a quantity or
concentration or under conditions that:
•
•
•

have or may have an immediate or long-term harmful effect in the
environment or its biological diversity;
constitute or may constitute a danger to the environment on which life
depends; or
constitute or may constitute a danger in Canada to human life or health.

Therefore, it is concluded that this substance does not meet the criteria as set out in
section 64 of the CEPA 1999.
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Appendices
Appendix A: Phenotypic characteristics of M. luteus strain ATCC
4698
Table A-1: Phenotypic characteristics of M. luteus strain ATCC 4698 and
K. rhizophila ATCC 9341a
Characteristic
Oxidase test
Simmons’ citrate test
Acid production from glucose
Acid production from fructose
Major fatty acids
a

M. luteus strain ATCC
4698
+
ai-C15:0, i-C15:0

Data compiled from Tang and Gillevet, 2003
+ indicates a positive reaction
- indicates a negative reaction
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K. rhizophila strain
ATCC 9341
+
+
+
ai-C17:0, ai-C15:0, i-C15:0

Appendix B: Genotypic characteristics of M. luteus strain ATCC
4698
Table B-1: Plasmid-associated phenotypes in Micrococcus speciesa
Plasmid name
and size (kb)
Unnamed (9
plasmids, 1 –
30.2)

Associated phenotype

Not described (multiple
strains)

Cryptic

Unnamed

Not described

pMQV10, 10

Not described

Unnamed

Soil

Unnamed
pSD10, 50.7
pMEC2, 4.2
pMLU1, 2.3
Unnamed

Soil
Coastal marine sediments
Human skin
Soil
Lake water

Unnamed, ca.
2.8

Estuary water and
sediments

Unnamed

Poultry litter

Unnamed

Grape stem and leaves
Petroleum-contaminated
soil

Unnamed

a

Source of strain(s)

pLMA1, 110

Lake water

pLMH5, 110
pLMV7, 90
pLMA7, 80

Lake water
Lake water
Lake water

Multiple antibiotic resistance and heavy
metals resistance
Streptomycin resistance, cholesterol
degradation
Nalidixic acid resistance, degradation of
malathion and chlorpyrifos
Degradation of malathion and chlorpyrifos
Transposases, replication genes
Macrolide and lincosamide resistance
Cryptic
Osmotolerance
Resistance to kanamycin, tetracycline,
erythromycin, ampicillin, tobramycin,
streptomycin, rifampicin, and
chloramphenicol
resistance to penicillin, ampicillin,
tetracycline, amoxicillin, kanamycin and
chloramphenicol
Not described
Hydrocarbon biodegradation
Transposases (Wagenknecht et al. 2010,
Erythromycin resistance
Not determined
Not determined
Not determined

Data compiled from Dib et al. 2013 unless referenced otherwise.
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Figure B-1: Phylogenetic tree of Micrococcus species within the Arthrobacter
lineage of the subphylum of Actinomycetales, based on 16S rRNA gene
sequence analysis (Stackebrandt et al. 1995). The arrow indicates the DSL
strain.
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