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The need for better procedures for detecting Staphylococcus
aureus prompted an investigation to improve coagulase testing. The

rates of coagulase clotting were studied by using varying concentra-

tions of trypsin inhibitor and coagulase-reacting factor (CRF). Egg
white trypsin inhibitor activated coagulase clotting when added to a
final concentration between 2 and 60 rrig/ml. Maximal activation
was reached with 40 mg/ml of trypsin inhibitor when either serum or

plasma was used as the source of CRF.

The increased rates of clot-

ting were partly due to the inhibition of plasmin (E. C. 3.4.4. 14). The

tube test for coagulase could be made more sensitive for some strains
of staphylococci by increasing the concentration of CRF (added as

plasma or serum), by adding typsin inhibitor, or both.
The plate test revealed the production of coagulase by the formation of opaque fibrin halos around growing colonies of S, aureus,

Rabbit serum was filtered through Sephadex G- 100 to obtain plasmin-

and plasminogen-free CRF. False-negative reactions, caused by
staphylokinase and staphylococcal Mill ler factor action on plasmino-

gen, were eliminated when this CRF was used in the plate test. False-

positive reactions by lipolytic, coagulase-negative staphylococci were

reduced since gel filtration removed the serum lipoprotein which

served as a primary source of opacity. The addition of 75 µg /ml
polymyxin B selectively retarded the growth of S. epidermidis and

minimized false-positive reactions caused by citrate-utilizing gramnegative rods. Polymyxin-Coagulase-Mannitol-Agar and Polymyxin-

Coagulase-DNase-Agar were prepared with plasminogen-free CRF.

These media were superior to other selective media for rapidly
recovering coagulase-positive staphylococci from naturally contaminated and seeded frozen foods.

Since the preparation of plasminogen-free CRF may be too

difficult for routine use in some laboratories, the sera of several
animals were examined for their suitability in coagulase testing. The
assay of CRF activities of the whole sera indicated the following
relative concentrations of CRF: human > pig > rabbit > horse >

bovine, chicken and lamb. Human, pig and rabbit sera had adequate
amounts of CRF for coagulase testing. The plasmin activities of the

different sera, arranged from the strongest to the weakest, were as
follows: rabbit > human > lamb > horse > pig, bovine and chicken.

Fibrinolysis was observed when rabbit, human, lamb or horse sera
were incorporated into coagulase test agars. Pig serum was

superior to the other sera for use in coagulase testing. Preliminary
experiments indicated that heparinized pig plasma was more suitable

than citrated pig plasma since citrate interfered with growth of S.
aureus, The use of heparinized plasma prevented false-positive

coagulase reactions due to citrate utilization.
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IMPROVED COAGULASE TESTS FOR
STAPHYLOCOCCUS .AUREUS
INTRODUCTION

The presence of staphylococci in food products is of public
health significance since foods contaminated with staphylococci annually
produce one of the most common types of food poisoning. The detec-

tion of these organisms and their toxins in food products presents a
challenging problem,

Enterotoxins have been identified as the principal by-products
causing symptoms of staphylococcal food poisoning, Although sero-

logical tests have been developed for detecting enterotoxins in foods,

the scarcity of specific antisera and the complexity of serological tests
generally have not permitted the assay of enterotoxins to be practical

outside of research laboratories.
Until the development of serological methods for identifying

enterotoxins, the coagulase test was generally regarded as the best
single criterion for determining the potential pathogenicity of a
Staphylococcus,

The availability of the plasma substrate and the

simplicity of the coagulase test favor its use in nearly all control
laboratories today.

The routine coagulase test fails to detect small amounts of
coagulase produced by some strains of staphylococci.

The first

purpose of this study was to determine if the coagulase assay system
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could be made more sensitive by increasing the concentration of
coagulase-reacting factor (CRF) and adding typsin inhibitor,

Numerous coagulase plate test media, containing fibrinogen and

serum, or plasma, have been proposed. The plate test reveals the
presence of coagulase by the formation of an opaque fibrin halo around

growing S. aureus colonies. The plate method is not popular because

false reactions detract from its usefulness. The second purpose of
this study was to develop a medium which minimizes the false

reactions that interfere with the utility of coagulase test agars.
The recommended procedure for recovering S. aureus from
foods requires a minimum of three days to isolate and identify
coagulase- positive staphylococci. Polymyxin- Coagulase - Mannitol-

Agar (PCMA) was developed to provide a rapid method for quantitating

the coagulase-positive and mannitol-fermenting staphylococci in food
samples. The isolation of S, aureus from frozen foods was compared
by using PCMA, Vogel and Johnson Agar (V-J), Staphylococcus
Medium No, 110 with azide (S-110-A ) and Trypticase Soy Agar
containing 10% NaC1 (TRY-SOY).

The production of staphylococcal DNase is believed to be highly

correlated with that of coagulase. Since not all pathogenic staphylo-

cocci produce coagulase, it is possible that a selective medium which
is capable of detecting coagulase and DNase activities may provide
more positive identification of pathogenic staphylococci than the use of
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either test alone, A Polymyxin-Coagulase-DNase-Agar (PC DA) was
developed, and the efficacy of PCDA, PCMA and V-J in recovering S.

aureus seeded into frozen food samples was determined.
Although rabbit plasma is generally used for routine coagulase

testing and is stipulated in the official method for detecting S. aureus,

the use of rabbit plasma in coagulase testing is undesirable since
staphylokinase (SK) and staphylococcal Mi iller factor (MF) activate the

the plasminogen-plasmin system. The plasmin (E. C. 3. 4. 4. 14) thus

formed causes fibrinolysis and false-negative reactions. The final
purpose of this study was to examine different animal sera for
suitability in coagulase testing,
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LITERATURE REVIEW

The ability of certain staphylococci to clot blood plasma was

first reported by Loeb in 1903. The staphylococcal enzyme responsible
for this reaction was named coagulase. The reports reviewed by Elek
(1959, p. 178) confirmed that coagulase was associated with pathogen-

icity and was a distinguishing characteristic of S. aureus.
The mode of action of coagulase has not been definitely established. Evidence indicated that coagulase was not identical with any of

the components of plasma involved in normal clotting. It has been

shown that free coagulase does not act directly on fibrinogen to

produce a clot, but that it first reacts with an activator in plasma to
give activated coagulase (Smith and Hale, 1944). This activator was

named coagulase-reacting factor (CRF) by Tager (1948).

Zaikina and

Elinov (1967) indicated that coagulase probably acts as a proteolytic
enzyme on prothrombin. Soulier (1969) reported that the action of

coagulase on CRF involved a stoichiometric complex formation rather
than proteolysis since the formation of activated coagulase was
instantaneous at 5, 20 and 37°C and was proportional to the amounts of
coagulase and CRF.

The action of activated coagulase is understood better.
Drummond and Tager (1962) indicated there are many similarities
between activated coagulase and thrombin. Both possess esterase

activity and fibrinogen-clotting ability which are inhibited by diisopropyl
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phosphofluoridate, and both initiate clotting by proteolysis which re-

sults in the liberation of fibrinopeptides. Activated coagulase differs
from thrombin since coagulase clotting can occur in the presence of
chelating agents and heparin; whereas, the conversion of prothrombin
to thrombin does not occur in the presence of these anticoagulants.
In his investigation of the nature of CRF, Tager (1956) compared
the biological activity and physiological properties of CRF and pro thrombin. It was found that the two possessed different physical

properties although purified prothrombin was an excellent source of

CRF. Although CRF was filterable, Seitz-filtered plasma lacks
prothrombin activity. A number of considerations led Tager to
conclude that CRF may be a breakdown product of prothrombin.
The work of E. S. Duthie (1954) showed that pathogenic staphylo-

cocci produce two forms of material capable of interacting with plasma
or fibrinogen. One of these, termed bound coagulase, was associated

with the cell since it was released only on disintegration or autolysis.
Bound coagulase acted directly on fibrinogen, and clumping of the

staphylococcal cells resulted. Free coagulase was liberated into the
medium during growth and caused coagulation of plasma.

The slide test of Cadness-Graves et al. (1943) provided a method

for the rapid screening of cultures for the presence of bound coagulase.
For the test, a heavy suspension of staphylococci is mixed with a drop
of plasma or fibrinogen solution on a microscope slide. The clumping
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of cells constituted a positive test. Cannon and Hawn (1961) reported
that 99% of the staphylococci which synthesize free coagulase also
produce bound coagulase.

The tube test for free coagulase is recognized as one of the best
in vitro criteria for determining the potential pathogenicity of a
Staphylococcus (Chapman et al., 1938; Evans and Niven, 1950; U. S.
Food and Drug Administration, 1969). Although many variations of

coagulase testing have been devised, i, e., the tube test, the plate

test, and the serum soft agar test, all tests for free coagulase require
a suitable plasma substrate. In 1908 Much showed that diluted plasma
was often more satisfactory than the same plasma used full strength
due to dilution of plasma inhibitors (Elek, 1959, p. 210). The standard

tube test for coagulase uses plasma diluted 1H3 (Gilden, Baer and

Franklin, 1966; Litkenhous et al., 1968).
The routine coagulase test was unable to detect small amounts of
coagulase produced by certain strains of staphylococci. Sword et al.
(1961) showed that several strains of staphylococci produced small
amounts of coagulase which was demonstrable only after concentration

procedures. These findings indicated the need for a more sensitive
coagulase test.

The proteolytic enzymes (or enzyme activators) produced by the
staphylococci include gelatinase, Milner factor (MF) and staphylokinase (SK).

The Maier phenomenon was first reported in 1927
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(Milner, 1927). This reaction is a non-specific proteolysis caused by

a diffusible factor produced by S. aureus. The reaction can be
determined visually by using a variety of precipitated or opaque proteins and blood serum in an agar gel. The reaction is characterized by

the appearance of multiple, discrete, sterile areas of protein hydrolysis at a distance from the site of inoculation.
It is believed that MF interacts with plasminogen (Hutchison,
1962; Tauraso and White, 1963) or plasminogen activator (Mullertz
and Lassen, 1953). Plasmin is the proteolytic enzyme formed.
Hutchison (1962) indicated that some plasminogen units are activated

while others are not, and this accounted for the appearance of the

multiple areas of proteolysis.
The Mil Iler phenomenon has been demonstrated with growing

colonies of S. aureus, sterile filtrates of broth cultures of S. aureus and
Group A streptococci, and urine (Quie and Wannamaker, 1961). It is

believed that the MUller factors are similar to or identical with the
respective kinases: SK, streptokinase and urokinase.
It is reported that over 90% of the coagulase-positive staphylo-

cocci are able to produce MF; whereas, no coagulase-negative
organisms studied produced this factor (Tauraso and White, 1963).
Although most coagulase-positive staphylococci produce SK, Elek

(1959, p. 281) reported that some coagulase-negative micrococci also
produce SK.

Plasmin interferes with the coagulase reactions (Tager,
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1956); however, no modifications of the tube test have been reported.

Few reports on the suitability of different animal plasmas for
coagulase testing have appeared in the literature. Field and Smith
(1945) compared the plasmas of several animal species for use in the

slide test. Taylor and McDiarmid (1948) used rabbit, sheep and ox
plasmas in the plate test. Numerous plating media have been prepared using human or rabbit plasmas (Duthie and Lorenz, 1952;
Esber and Faulconer, 1959; Klemperer and Haughton, 1957; Penfold,
1944; Reid and Jackson, 1945). Duthie and Lorenz (1952) reported that

cow, sheep, dog, guinea-pig and mouse plasmas exhibited a relative

deficiency in CRF; whereas, the plasmas of man, monkey, horse, cat,
pig, fowl and rabbit contained substantially more CRF. Although

rabbit plasma is generally used for routine coagulase testing and is
stipulated in the official method for detecting S. aureus (U. S. Food
and Drug Administration, 1969), the use of rabbit plasma in coagulase
testing is undesirable since SK and MF activate the plasminogenplasmin system. The plasmin thus formed causes fibrinolysis and

false-negative reactions,

The plate test indicates the presence of S. aureus by the formation of opaque zones (fibrin halos) around colonies of coagulasepositive staphylococci. The plate method has not achieved popularity

since there are false reactions which detract from its usefulness. For
example, some coagulase-positive staphylococci produce a transient

9

fibrin halo which is destroyed by fibrinolysis, some coagulasenegative staphylococci produce opacities which are confused with a

fibrin halo, and some citrate-utilizing organisms may produce falsepositive reactions.

The methods described above are qualitative tests for the detection of coagulase.

There have been some attempts to quantitate the

amount of coagulase produced by Staphylococcus cultures.

Stutzenberger, San Clemente and Vadehra (1966) described a precise,
nephelometric method for assaying coagulase activity. The method
was based on increased light scattering which accompanied the clotting
of fibrinogen. In the dye-diffusion test of Fung and Kraft (1968), the

distance crystal violet diffused after being added to a clotted plasma
was taken as a measure of the amount of coagulase present. More
recently, Wegrzynowicz, Jeljaszewicz and Lipinski (1969) developed a

standardized procedure for the determination of coagulase. Their
method was based on a comparison of the coagulase clotting times of a
standard euglobulin solution with the clotting times by using known
amounts of thrombin,
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MATERIALS AND METHODS

Activation of Coagulase Clotting by Tr psin Inhibitor
Cultures

S. aureus ATCC 8094, 12600, 13565, 13566, 14458, 19095,
19139, and 23235 and S. epidermidis ATCC 12228 and 14990 were

received directly from the American Type Culture Collection.

S.

aureus 265-1 was received from Dr. E. P. Casman of the U.S.
Food and Drug Administration.

The coagulase-negative, DNase-

positive S. aureus was obtained from the Oregon State University
culture collection.

This strain was recovered from a food incrimi-

nated in a food poisoning outbreak and it produced food poisoning

symptoms in eight-week old kittens. All Staphylococcus cultures
were grown on Staphylococcus Medium No. 110 (Difco) slants at 37

and were stored at 4

o

oC

C.

The citrate-utilizing strain of Escherichia coli B was taken from
the Oregon State University culture collection,

This strain was

cultured on Plate Count Agar (Difco) slants at 37°C and was stored at
4°C.

Partial Purification of Coagulase
A 900 ml Brain Heart Infusion (BHI) broth (Difco) culture of S.

aureus 265-1 was grown at 35°C for 12 hr. This served as the
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inoculum for 30 liters of BHI broth in a Fermacell Fermenter growth
chamber.

The culture was grown at 35 to 37°C for 48 hr with aeration

at the rate of 305 1/min. Sterile 1 N NaOH and HC1 were added
automatically to maintain the pH at 7.2, and Antifoam C (Dow Corning)
was added to minimize foaming.

At the completion of the growth period, the culture liquid was

largely cleared of cells by a Sharp les Super-centrifuge running approximately 62,000 x g. The supernatant was treated by the method of

Blobel, Berman and Simon (1960) to yield partially purified coagulase.

After lyophilization, the coagulase preparation was stored at - 15°C.
Preparation of Reactants

Partially purified coagulase was added to 0.1 M sodium citrate
buffer, pH 7.0, to give a suspension containing 10 mg/ml. This buffer
was used in all experiments.
Desiccated rabbit coagulase plasma (Difco) was rehydrated

according to the manufacturer's directions. This resulted in the
plasma being diluted l 3. Fresh rabbit serum was obtained from the

blood of three adult rabbits. The sera were pooled and concentrated
twofold by dialysis against 50% (w/v) polyethylene glycol 6000 (Baker

Chem. Co. ) for six hr at 4°C. Citrated fibrinogen (Bovine fraction
I, 66% clottable--Sigma Chemical Co. ) was added to the citrate buffer
to give a suspension containing 50 mg/ml.

Trypsin. inhibitor (egg
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white, B grade; each mg inhibits approximately 0.7 mg trypsin-Calbiochem) was added to the citrate buffer to give a suspension
containing 200 mg/ml.

All components of the reaction mixture were dialyzed for eight

hr at 4 o C using a "continuous-flow" system in which the above citrate
buffer was continuously replenished at the rate of 150 m1 /hr. This

buffer was used for dilutions to minimize pH and ionic strength
differences of the reaction components.

The reactants were maintained at 4°C or were frozen (- 15°C)
and thawed immediately before use. During the preparations for the

tests, the clotting mixture components were maintained in an icewater bath (0oC). Timing was started when each series of tubes was

placed in the 37°C water bath. The tests were performed with a 1 ml

reaction mixture in 12 x 74 mm tubes.
Determination of Coagulase Reaction Velocity

Clotting times were determined at one min intervals by gently
tipping the individual tubes.

The extent of clotting was estimated

(from negative to 4+) using the procedure of Turner and Schwartz
(1958).

When fibrin gel formation was noticed, readings were made at

0.5 min intervals until the tube containing the reaction mixture could
be inverted without the fibrin gel being dislodged: a 4+ reaction.
The effect of egg white trypsin inhibitor (EWTI) on the rate of
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coagulase clotting was determined using EWTI concentrations from
0 to 60 mg /ml.

The substrates were 10, 20, 30 and 40% plasma or

10, 20, 30 and 40% serum + 10% plasma, All tubes contained 10%

fibrinogen preparation, 10% coagulase suspension and sufficient citrate

buffer to bring the volume of the reaction mixture to 1 ml,

The reaction velocity data are presented by plotting the time
taken to produce a 4+ fibrin gel as a function of serum or plasma
concentration for each level of trypsin inhibitor used,
S. aureus 19095 Coagulase Clotting

S. aureus 19095 was coagulase-positive, but did not synthesize
SK or MF. S. aureus 19095 was inoculated into 100 ml of BHI broth

in a 250 ml DeLong culture flask, The culture was incubated at 35°C

for 48 hr on a rotary shaker running 210 rpm. After growth, the cells
were removed by centrifuging at 4080 x g for 10 min.

Five ml of the clarified supernatant were dialyzed against the
continuously flowing citrate buffer, and coagulase tests were per-

formed using a 10% serum reaction mixture as described above.

The

extent of clotting was determined at 15 min intervals,
Polymyxin- C oagulas e- Mannitol- Agar

Development

Plasminogen-free CRF
Blood was taken from healthy adult rabbits, Partial hemolysis
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was caused by repeatedly breaking the clot with a wooden applicator.

The red serum was concentrated and dialyzed as described in the
"Activation of Coagulase Clotting by Trypsin Inhibitor" section, and

stored frozen (- 15oC). After thawing, the serum was filtered through
a Millipore HAWP 04700 filter to remove particulate matter.

Plasminogen-free CRF was prepared by filtration through a 19
cm high bed of Sephadex G- 100 (10 to 40 µm particle diameter) in a
Sephadex K15 /30 Laboratory column. The void volume was determined

to be 11 ml, and the flow rate was 15 ml/hr with a 12 cm hydrostatic

head. A 0.5 ml serum sample was applied to the gel for each
separation.

Initially, 0.35 ml eluant fractions were collected, EWTI was
added to give a final concentration of 40 mg/ml, and the fractions

were assayed for CRF by determining coagulase activity at 15 min
intervals by the method described in the "Activation of Coagulase
Clotting by Trypsin Inhibitor" section. Fibrinolysis was determined

by making periodic readings up to 24 hr and recording the degree of
fibrin gel formation using the method of Turner and Schwartz (1958),
Subsequently, fractions which were pink due to the presence of hemoglobin (4 ml) and the following 2 ml were retained as the source of

CRF. Gel filtration was performed at 4°C using 0. 1 M sodium citrate
buffer of pH 7.0

After the initial experiments with the K15 /30 column showed the
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usefulness of gel filtration, a K25 /45 column was set up for routine
preparative work. This column had a void volume of 54 ml, the bed
of G- 100 was 23.5 cm high, and the flow rate was approximately

60

ml/hr with a 12 cm hydrostatic head. Satisfactory separations were
obtained when 3 ml of twofold concentrated rabbit serum were applied

to the sample applicator.
Polymyxin-Coagulase-Mannitol-Agar (PCMA)

Twenty ml of the above citrate buffer were added to the 6 ml of

pink CRF fractions at room temperature; 288 mg of citrated fibrinogen
(Bovine fraction I, 66% clottable; Sigma Chemical Company) were
suspended; and 10.8 mg of polymyxin B (polymyxin B sulfate, B grade--

Calbiochem)were added. This solution was filter sterilized using a
Millipore Microsyringe filter holder with an HA.WP 02500 filter, and

4 ml were added to each sterile Petri dish.
Coagulase Mannitol Agar (CMA; Baltimore Biological Labora-

tories) was rehydrated according to the manufacturer's directions, and
14 ml were dispensed per screw-cap tube and autoclaved. After cooling

to 45°C, the agar was added to the CRF solution in the Petri dishes.
This produced eight plates of PCMA which contained plasmin- and

plasminogen-free CRF, 2 mg /ml fibrinogen and 75 µg /ml polymyxin
B. CMA without polymyxin B was used as the control medium.

The presence of coagulase was determined using indirect
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illumination with a dark background and was indicated by an opaque,

gray zone, or halo, radiating outward from the colony.

The fermen-

tation of mannitol was evidenced by a yellow, acid reaction around
the colony.

Polymyxin-Coagulase-Mannitol-Agar: Application
Foods Examined

Several market products were screened for the presence of S.
aureus. These products included frozen meat, chicken pie, frozen
mixed vegetables, and frozen Pacific shrimp (Pandalus jordani), Only

the shrimp samples yielded staphylococci; therefore, this comparative
study of selective media was made with samples from four lots of
frozen shrimp. The shrimp samples were obtained from a local

seafood processor and had been stored frozen at -15°C for one month
at the time of this investigation.
Media

The basic non-selective medium (TPN) was prepared by the
formula of Corlett, Lee and Sinnhuber (1965). The TRY-SOY was

prepared from Trypticase Soy Agar (Baltimore Biological Laboratory)
plus 9. 5% NaCl.

The S- 110-Az contained 0.75 mM sodium azide and

was prepared by the method of Smuckler and Appleman (1964). The
V -J Agar (Difco) was made in accordance with the manufacturer's
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directions, and PCMA was prepared by the method outlined in the
"Polymyxin-Coagulase-Mannitol-Agar

Development" section. Before

replica plating, the agar surfaces were dried by incubating the plates
at 37°C for approximately 24 hr.
Sampling and Direct Plating

Ten grams of each shrimp sample were added aseptically to

90

ml of 0.2% peptone water with glass beads (Corlett et al., 1965).
After shaking, serial tenfold dilutions were made in this diluent, Six
0.1 ml aliquots of each dilution were then spread-plated on TPN, TRYSOY, S-110-Az, V-J and PCMA. Additional spread plates of TPN

were prepared in triplicate and incubated at

27

oC

to determine the

mesophilic and psychrotropic load of the sample. All other plates
o
were incubated at 37 C for 24 to 48 hr. After 24 hr incubation, the

coagulase-positive colonies on the PCMA plates were enumerated.

After 48 hr incubation, representative colonies on all the selective
media were selected for coagulase testing by the recommended
method (U. So Food and Drug Administration, 1969), At the same

time, three plates of each of the selective media and the TPN plates

were used in the cross-replica-plating experiments, A microscopic
examination after gram staining was also made with 10% of the colo-

nies selected at random from each selective medium.
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Replica Plating

After growth, three plates of each type of medium were

designated "mother plates" and were used for replica plating
(Lederberg and Lederberg, 1952) onto TPN, PCMA, V-J, S-110-Az,
and TRY-SOY.

The last plate in the replication series was the same

medium as the mother plate to confirm the successful inoculation to
all preceding daughter plates.

The daughter plates were incubated

for 24 to 48 hr at 37°C.
Confirmation of Coagulase Activity by the Tube Test
All PCMA- positive colonies and at least one of each of the colony

types on all the selective media were picked and streaked on Brain Heart
Infusion Agar (Difco). The pure cultures thus isolated were tested for
coagulase production by the tube method using coagulase plasma with
EDTA (Litkenhous et al., 1968).
Polymyxin- Coagulase- DNas e- Agar
Media

The V-J Agar (Baltimore Biological Laboratory) was prepared

according to the manufacturer's directions.

The PCMA was made

using the method described in the "Polymyxin-Coagulase-MannitolAgar

Development" section,

The PCDA was prepared with the same
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coagulase test system as PCMA: plasminogen-free coagulase-reacting
factor (CRF), fibrinogen and polymyxin B. Fourteen ml of DNase Test

Agar (Baltimore Biological Laboratory) were dispensed into test tubes
and autoclaved. After cooling to 45°C, the agar was added to 4 ml of

the filter-sterilized coagulase test system in Petri dishes, This
produced 18 ml of medium containing 75 1.ig /m1 polymyxin B, 2 mg /ml

fibrinogen and the CRF fractions from an original 1/8 ml of rabbit
serum,

The coagulase reaction appeared as an opaque zone radiating
outward from the developing S. aureus colony on both PCMA and PCDA.

The coagulase reactions were easiest to observe using indirect
illumination with a dark background. The DNase reaction was

determined using methyl green (MG--Allied Chemical Corporation) as
a developing reagent.

After growth, the PCDA plates were flooded with

5 ml of 1 mg /ml MG in 0. 1 M sodium citrate buffer at pH 7.0. The
developing solution was decanted from the surface of the plates after

one min, and the plates were allowed to stand for one hr at room

temperature for the color reaction to develop. DNase activity was
indicated by a zone of fading of the green staining around S. aureus
colonies, while the background remained green.

was best seen using a white background.

The DNase reaction
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Food Samples Examined

Each of the test cultures was grown in 5 ml of BHI broth for
48 hr at 37°C, and 0.1 ml of each culture was inoculated into a 1:10
dilution of frozen food products as indicated in the protocol in Table 3.

All dilutions were made in Butterfield's phosphate buffer (U. S. Food
and Drug Administration, 1969).

These seeded samples were frozen

and were stored at - 15oC for 48 hr. After thawing, 0.1 ml of serial
tenfold dilutions were spread-plated onto PCMA, PCDA and V-J. The

plates were incubated at 37°C.
Comparison of Animal Sera for
Suitability in Coagulase Testing
Plasminogen Activators

A partially purified protein preparation from S. aureus 265-1
was used as the source of SK and MF. This material possessed

coagulase activity, and its preparation was described in the "Activation of Coagulase Clotting by Trypsin Inhibitor" section.

Serum and Plasma

Bovine, chicken, horse, human, lamb, pig and rabbit sera were
obtained from Microbiological Associates, Inc. The whole sera and the

CRF fractions were used in the plate determination of CRF activity.
The whole sera were also used in the qualitative determination of
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serum plasmin activity.
Rabbit blood was collected in sterile tubes following marginal
ear vein puncture. After removal of the blood clot, the sera were

cleared of red cells by centrifuging at 1000 x g for 10 min. Equal
volumes of sera from eight rabbits were pooled and then frozen (- 15oC)
until use. Pig blood was collected at the time of slaughter.

The blood

was collected in one liter jars containing 500 ml of the following
anticoagulant buffers

0. 4 M Na citrate at pH 7. 2, 0. 3 M Na citrate +

1. 9% (w/v) NaCI at pH 7.2, 0.2 M Na citrate at pH 702, 10 units /ml of
heparin (Calbiochem; Sodium, B grade; 167 units /mg) in 0. 05 M

potassium phosphate buffer at pH 7.2, and 20 units /ml of heparin in
0.05 M potassium phosphate buffer at pH 7.2. After removing the red
blood cells by centrifugation at 500 x g for 30 min, the plasma was

filter-sterilized and stored at 4 o C. The pig blood was also collected in
sterile containers. After removal of blood clots, equal volumes of the
sera from eight animals were pooled, filter-sterilized and frozen
(-15 oC) until use,

The rabbit and pig sera were used in the arginine

esterase and plasmin assays.
Comparison of the CRF Activities of Different Animal Sera

Dilutions of each test serum and bovine fibrinogen at a final

concentration of 2 mg/ml were incorporated into CMA. Each plate
was inoculated in duplicate with 24 hr Tryptic Soy Broth (Difco)

22

suspensions of the test cultures. The plates were incubated at 37°C
and were examined periodically for the appearance of fibrin halos
around the growing colonies, A. constant amount of rabbit hemoglobin

was added to each test serum. The plasminogen-free CRF fractions of
each test serum were obtained by gel-filtration through Sephadex G100 (Pharmacia Fine Chemicals) and collecting the pink fractions.

Dilutions of the CRF fractions of each type of serum were assayed
for CRF activity (as above).
Qualitative Determination of Serum Plasmin Activity
Eight-tenths of a percent (w/v) of Ion Agar No, 2 (Oxoid) was
heated and cooled to 50°C. Nonfat dry milk (Galloway-West Company)

and Merthiolate (Eli Lilly) were added to give final concentrations of
1% and 0. 01 %, respectively.

Three ml were dispensed per microscope

slide and allowed to harden.

Two wells, approximately 4 mm in

diameter and 4 mm apart were cut in the agar. One well on each slide
was filled with approximately 0.1 ml of 10 mg /ml partially purified

protein in distilled water. The other well on each slide was filled with
one of the different animal sera. The slides were incubated at 35°C
in a moist chamber and were examined periodically. Plasmin
activity was indicated by zones of clearing (casein hydrolysis) between
the adjacent wells where the plasminogen and SK and/or MF diffused

together and reacted.
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Arginine Esterase and Plasmin Activity of Rabbit and Pig Sera
A modification of the manometric technique of Lassen (1958) was

used to determine the arginine esterase activity of pig and rabbit
sera. The substrate used was a-N-benzoyl-L-arginine ethyl esterHC1 (BAEe; Sigma Chemical Company) at a final concentration of

0.033 M. At 25°C, the 18 mM NaHCO 3 buffer with 0. 85% NaC1 gave
a pH of 7, 4 in the reaction mixture after gassing for five min at 780 mm
Hg and allowing five min for equilibrium to be established at
approximately 760 mm Hg. Plasminogen activation occurred during

the gassing and gas equilibration. One and eight-tenths ml of 10 mg/

ml partially purified protein in the bicarbonate buffer plus 1 ml of

rabbit or pig serum were used to demonstrate the arginine esterase
activities produced by SK and MF action on the serum plasminogen-

plasmin systems. One ml of rabbit or pig serum was added to 1.8
ml of the bicarbonate buffer to determine the esterase activity of each
serum. One and eight-tenths ml of the partially purified protein
preparation plus

1

ml of the bicarbonate buffer were used to assess

the arginine esterase activity of the staphylococcal enzyme preparation.

CO2 evolution was measured directly using a Gilson Respiro-

meter (Gilson Medical Electronics).

Rabbit and pig serum protease activities were compared using
a-casein (Sigma Chemical Company) as the substrate. The partially

purified protein preparation and a-casein were rehydrated with 0. 1 M
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potassium phosphate buffer at pH 7.4. This buffer was the same as

described by Vesterberg et al. (1967) for the assay of plasmin activity.
After incubating 0.5 ml of 10 mg /ml partially purified protein with

0.5 ml of rabbit or pig serum for 10 min at 35°C, 0.5 ml of the substrate was added and the protease determination was made using the
method of Bergmeyer (1965).
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RESULTS AND DISCUSSION

Activation of Coagulase Clotting
by Trypsin Inhibitor

The effect of EWTI concentration on the clotting reaction with

frozen and thawed plasma is shown in Figure 1. All concentrations of

trypsin inhibitor used increased the rate of clotting over that of the
control. When compared to the control, 40 and 60 mg /ml EWTI

decreased the time to produce a firm gel by half. Since the reaction
velocities produced by 40 and 60 mg/ml EWTI were nearly identical,

the upper limit of activation was reached in these experiments. Figure
1 also shows that the increased plasma concentration resulted in more
rapid clotting at each concentration of EWTI tested. The greatest

increase was observed with the control; whereas, the smallest increase
was noted with 40 and 60 mg/ml EWTI.

The effect of EWTI concentration on coagulase clotting with 10 to
40% rabbit serum (concentrated twofold) and 10% plasma is shown in

Figure 2. All concentrations of EWTI tested activated coagulase

clotting when serum was the principal source of CRF. The reaction
velocities produced by 40 and 60 mg /ml were nearly identical; hence,

maximum activation was reached with these concentrations using both
serum and plasma.

Figure 2 also shows that increased serum concentration allowed
faster clotting at each concentration of EWTI tested.

The fastest
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Figure 1. Egg white trypsin inhibitor (EWTI) activation of coagulase clotting using plasma (diluted 1:3) as the source
of coagulase-reacting factor.
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Figure 2. Egg white trypsin inhibitor (EWTI) activation of coagulase
clotting using serum (concentrated twofold) as the primary
source of coagulase-reacting factor.
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clotting observed with 1 mg /ml coagulase in the reaction mixture
was the production of a 4+ fibrin gel in 6.5 min with 40% serum and
40 mg /ml EWTI.

When 2 mg /ml coagulase was used in this system,

a firm gel was obtained in five min.

Figure 3 illustrates the activation of coagulase clotting by EWTI
using fresh plasma. Since the increase in reaction rates produced by
40 and 60 mg /m1 EWTI were similar, the upper limit of activation was
approached. At all levels of trypsin inhibitor used, the clotting with

30% plasma was equal to or faster than that with 40% plasma. This

inhibition at high substrate levels appeared to be most pronounced
with the highest concentration of EWTI studied. The lowered activation

with 40% plasma was not evident in the control or the 2 mg /ml EWTI

reaction times. The maximum increase in clotting rate was obtained
with 30% plasma and 60 mg/m1 EWTI.

Figure 4 shows the effect of trypsin inhibitor on the coagulase

reaction using dialyzed culture supernatant of S. aureus 19095 as the
source of coagulase. The fastest clotting, obtained with 40 and 60 mg/

ml EWTI, was the production of a firm gel in 105 min. This rate of

fibrin formation was significantly faster than that of the control where
a firm gel was not observed before the three hr reading.
The initial step in coagulase clotting is believed to involve the
reaction of CRF with coagulase to form activated coagulase.
Haughton and Duthie (1959) have shown that clotting time and esterase
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Figure 3. Egg white trypsin inhibitor (EWTI) activation of coagulase
clotting using fresh plasma (diluted 1:3) as the source of
coagulase-reacting factor.
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Figure 4. Egg white trypsin inhibitor (EWTI) activation of S.
aureus 19095 coagulase clotting using 10% serum
+ 10% plasma as the sources of coagulase-reacting
factor.
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activity are dependent on the concentration of activated coagulase.

Increasing the sensitivity of the coagulase test, by using undiluted

(or concentrated) serum or plasma as an increased source of CRF,
would be successful only if the serum inhibitors were not active.
Plasmin is known to inactivate coagulase (Tager, 1956).
Staphylococcal MF and SK are believed to activate plasminogen to
plasmin (Hutchison, 1962; Tauraso and White, 1963). This enzyme has

similar specificity to trypsin and is inactivated by trypsin inhibitor
(Sherry and Troll, 1954). Kunitz and Northrop (1936) suggested that

one molecule of trypsin inhibitor reacts with one molecule of trypsin
to form an addition compound.

This linear relationship would be

expected for plasmin inactivation. The inactivation of plasmin in

coagulase studies is especially important in plasma and serum which
have had plasminogen spontaneously activated or acted upon by the

staphylococcal plasminogen activators.
Soybean trypsin inhibitor (SBTI) has been used in studying the

esterase activity of coagulase preparations (Drummond and Tager,
1962; Haughton and Duthie, 1959) since it inhibits fibrinolysis by
plasmin. In studying the esterase activity of activated coagulase on
a-toluene-p-sulfonyl-L-arginine methyl ester, Haughton and Duthie
N

(1959) reported that activated coagulase was not detectably inhibited
by 400 µg /ml SBTI, In similar experiments, Drummond and Tager

(1962) used 0.4 mg of SBTI in a 0.3 ml reaction mixture and reported
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that their results confirmed the observations of Haughton and Duthie
These investigators used SBTI at lower levels than the tryp-

(1959).

sin inhibitor concentrations employed in the experiments reported

here.
Comparison of Figures 1 and 3 with Figure 2 reveals that con-

centrated serum increased the rate of reaction more than plasma.
This difference was probably due to the approximately sixfold

difference in CRF level between the concentrated serum and the plasma
diluted 1:30

Another difference noted between Figures 1 and 2 is that the

activation by EWTI appeared to be less for the serum than for the
plasma. For example, the activation at 20% serum + 10% plasma was

two min for an increase in EWTI from 2 to 60 mg/ml; whereas, the
activation at 20% plasma was 13 min for the same increase in trypsin
inhibitor.

This reduced activation with the serum source of CRF may

reflect the fact that the maximum rate of fibrin gel formation was
approached at the concentrations of reactants used, or that the serum
contained higher levels of clotting inhibitors than the plasma. When

the reaction mixture contained 1 mg/m1 coagulase, the maximum
rate of clotting was obtained with 40 mg/ml EWTI using serum or
plasma.

The data plotted in Figure 1 were obtained with plasma which
o
had been frozen (-15 CI and thawed before use.

When identical
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experiments were performed using the same substrate before freezing,
the rates of clotting with 40% plasma containing 10 to 60 mg/ml EWTI

were slower than those with 30% plasma. This decreased velocity at
the highest level of CRF added was generally not observed when con-

centrated rabbit serum was used as the primary substrate. The freezing and thawing treatment may have reduced the inhibition observed
with the 40% plasma.

The partially purified coagulase used in these experiments was

prepared from S. aureus 265-1. This strain was a potent producer of
both MF and SK, and the coagulase preparation contained these plasminogen activators. To determine if the trypsin inhibitor activation
of coagulase clotting was unique to Staphylococcus strains which

produced these kinases, the dialyzed culture supernatant from S.
aureus 19095 was assayed with a 10% serum reaction mixture containing 0 to 60 mg/m1 EWTI. It was found that trypsin inhibitor nearly

doubled the coagulase reaction rate for this strain.
The mechanism of activation by trypsin inhibitor is not known.

It seems likely that the effect is partly due to the inhibition of
plasmin; however, it appears that more than plasmin inhibition is
involved since similar activation was observed with S. aureus strains
which did and did not produce plasminogen activators.

The activation of coagulase clotting by trypsin inhibitor does

not appear to involve a stoichiometric inactivation of plasmin by

34

trypsin inhibitor, If only plasmin inactivation were involved, different
concentrations of EWTI should have produced the maximum activation

in the concentrated serum and the diluted plasma (due to the approximately sixfold difference in plasminogen concentration),

This

difference in levels of EWTI required to produce maximum activation

in plasma and serum was not observed, Normal plasma has been
found to contain between 2 and 6 mg /ml plasminogen (Schultze and

Heremans, 1966), Using these figures for calculation, it was deter-

mined that the 40% concentrated serum reaction mixture would have
contained a maximum of 4,8 mg /ml plasminogen.

This mixture

contained approximately 80% of the plasmin (or precursors) present

in normal serum. Since the potency of the trypsin inhibitor was
known, it was calculated that maximum plasmin inhibition would be

expected with 7 mg/ml EWTI.

Experiments showed that activa-

tion increased up to a concentration of 40 mg /ml.

Trypsin inactiva-

tion by plasma trypsin inhibitor does not always follow a linear
relationship in the presence of blood plasma (McCann and Laskowski,
1953).

Trypsin inhibitor activation of coagulation may be partly due to

non-linear inhibition of plasmin,

Other possible mechanisms of action of trypsin inhibition were
investigated. When added to plasma, EWTI did not cause clotting.

Thus, the method of activation was not due to the ability of EWTI to
cause clotting. When EWTI was added to fibrinogen + coagulase, no
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clotting occurred; hence, EWTI does not function as an auxiliary source
of CRF.

The tube coagulase test can be made more sensitive by manipu-

lation of plasma or serum (CRF) and trypsin inhibitor concentrations.
Preliminary studies indicate that SBTI and EWTI have a similar
activating effect on the coagulase reaction,

The activation by trypsin

inhibitor appears to be greater with more dilute serum or plasma.
This may be why previous reports (Drummond and Tager, 1962;
Haughton and Duthie, 1959) failed to recognize the activating influence

in reaction mixtures containing coagulase and purified CRF.

The results obtained with S. aureus 19095 illustrate how the

addition of trypsin inhibitor to the coagulase test system may be
useful in detecting low levels of coagulase.

Thus, the use of this

activator would allow coagulase detection within a four hr test period
while the conventional procedure would be unable to detect clotting

activity in this time,
Polymyxin-Coagulase-Mannitol-Agar: Development

The coagulase test for CRF and the fibrinolysis test for plasmin

revealed that the first 3 ml of eluant, after the void volume, contained CRF and plasmin or plasminogen,

The fractions beyond this

3 ml contained CRF, hemoglobin and prothrombin. These fractions
contained no plasminogen since the fibrin gels remained firm
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for 24 hr.
PCMA was purple and transparent. The fermentation of mannitol
was usually observed between 12 and 36 hr and was similar to that

described by Esber and Faulconer (1959).

The use of 2 mg /ml

fibrinogen allowed the formation of distinct, fibrin halos around S.

aureus colonies.

Figures 5 and 6 show the differences in sensitivity of S. aureus,

S. epidermidis, and a coli to polymyxin

B.

S. aureus growth and

coagulase production were similar on CMA and PCMA. On both
media, S. aureus 13565, 14458 and 23235 produced fibrin halos by

eight hr, and all coagulase-positive strains gave a positive coagulase

reaction at 10.5 hr. No hydrolysis of the fibrin halos was observed
at 48 hr on PCMA; however, the fibrin halo of S. aureus 13565 on CMA

was not as distinct after 48 hr as it was at 24 hr. This fibrinolysis
indicated strain 13565 produced more protease than the other strains
studied.

The faint, diffuse region of fibrin formation around the E. coli
colony on CMA (Figure 5) was more pronounced after 48 hr.

This

false-positive reaction was not observed on PCMA since the growth of

E. coli was prevented by the antibiotic (Figure 6).
Plasminogen- and plasmin-free CRF was obtained by filtering
rabbit serum through a Sephadex G-100 column and collecting prothrombin and the following fractions. The molecular weight (MW) of
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Figure 5. Reaction of S. aureus, S. epidermidis and E.
coli on Coagulase Mannitol Agar after incubation
for 24 hr at 37°C. The fibrin halos indicate the
production of coagulase by S. aureus ATCC 13565,

These strains are the
prototype strains for the production of enterotoxins
A, B, C and D, respectively. S. epidermidis ATCC
12228 and 14990 are on the left and E. coli B is in
the center,
14458, 19095 and 23235.
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Figure ()

Reaction of S. aureus ATCC 13565, 14458,
19095 and 23235, S. epidermidis ATCC 12228
and 14990 and E. coli B on Polymyxin-CoagulaseMannitol-Agar after incubation for 24 hr at 37°C.
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prothrombin (Lamy and Waugh, 1958) is similar to that of hemoglobin
(Schultze and Heremans, 1966). The progress of the prothrombin

through the column was visually traced by using the red color of

hemoglobin as an "internal standard. " The eluant which contained
most of the plasminogen-free CRF corresponded closely to the
fractions which contained hemoglobin, although considerable CRF tailing was noted.

The use of plasminogen-free CRF in CMA and PCMA

eliminated fibrinolysis by plasmin. This type of fibrinolysis commonly

occurred before 24 hr when untreated rabbit plasma was used.
Another source of confusion associated with the use of CMA was

the production of false-positive reactions by citrate-utilizing organisms. Bayliss and Hall (1965) reported on plasma coagulation by

organisms other than S. aureus. Finegold and Sweeney (1961) reported
that 75 p.g/m1 of polymyxin B in medium is the optimal amount for

selecting S. aureus. The addition of polymyxin B to PCMA did not
produce an appreciable effect on the growth of coagulase-positive

staphylococci; however, gram-negative organisms and S. epidermidis
were inhibited to different degrees. The addition of this antibiotic is

advantageous since it prevents growth of organisms which could

produce false-positive reactions.
Another problem associated with using plasma in CMA is the

appearance of false-positive reactions by coagulase-negative staphylococci. Elek (1959) indicated that several staphylococcal substances
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produce opacities in plasma which are believed to result from liberation of fats or fatty acids. The use of gel-filtered CRF eliminated the
bulk of serum lipoproteins (MW 200, 000 to 1, 300, 000) from the CRF

fraction. Consequently, false-positive reactions by lipolytic,

coagulase-negative staphylococci were reduced.
PCMA medium has wide application. PCMA is suitable for use

after enrichment or for direct isolation and identification of coagulasepositive staphylococci from suspect material. The medium gives a
direct count of the number of coagulase-positive staphylococci present

when used in a manner similar to that used for standard plate counts.
Within 18 to 24 hr after inoculation, most of the S. aureus colonies
(even if pinpoint size) developed halos 1 to 6 mm in diameter, which

makes them easily distinguishable from colonies not producing
coagulase. The possibility of false-negative reactions due to staphyl-

ococcal protease remains, although it is our experience that protease
activity is not observed before 24 hr with this medium and usually not
until 48 hr.

The use of plasminogen-free CRF offers many advantages for
coagulase testing. False-negative reactions due to the action of the

staphylococcal kinases are eliminated. This is significant since the

majority of coagulase-positive human strains produce SK and 90% of

S. aureus strains produce MF (Tauraso and White, 1963).
A. 1 ml amount of rabbit serum contains enough CRF to
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produce eight plates of 18 ml each.

Since many colonies can be

examined for coagulase activity on each plate, this method of testing

for coagulase uses considerably less serum (or plasma) than is
required for the tube coagulase test. In the standard tube test for
coagulase, 3 ml of plasma (diluted 1:3) is used for six coagulase
tests (Litkenhous et al. , 1968). The use of this CRF in the tube test

would minimize fibrinolysis which causes false-negative reactions or
prolonged clotting times.

Repeated applications of the rabbit serum to the K25 /45 column

resulted in considerably slower flow rates. After adding three or four

serum samples, the flow rate decreased from 60 ml/hr to approximately 20 ml/hr. Although the serum had been filtered through a 0. 45
lam Millipore membrane to remove particulate material, it was noted

that the serum became turbid after standing at 4°C for a few hours.
Since the sera were taken from rabbits which had not been fasted, it

was concluded that the interfering material may be serum lipid, i. e. ,

saturated fatty acids and/or triglycerides which were soluble at room
temperature, but which precipitated at 4 o C. The initial flow rate could
be re-established by removal of the sample applicator and washing it in
dilute NaOH. Similarly, it was found that changing the pH of the
citrate buffer to pH 9.5 relieved the "plugged" condition of the column

after a few hours.

The serum was winterized--filtered through a 0. 45

p. Millipore membrane at 4°C to remove the lipids insoluble at this
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temperature. This eliminated further plugging of the column.
Hemoglobin was used as an internal standard in the gel filtration
experiments. The convenience of collecting colored fractions containing compounds of known molecular weight indicates the feasibility of

using other colored molecular weight indicators in gel filtration.
Polymyxin-Coagulase-Mannitol-Agar: Application
PCMA as a Direct Isolation Medium

When dilutions of the shrimp samples were plated on PCMA, 230
and 1, 160 coagulase-positive staphylococci per 100 grams were

detected from two samples after incubation for 24 hr at 37°C. The two

additional shrimp samples tested were PCMA-negative. When tested

with V-J, the same four samples yielded one coagulase-positive
sample with a count of 30 coagulase-positive staphylococci per 100

grams.
Comparison of Selective Media

The selectivity of the four media were compared by plating the

corresponding serial dilutions of shrimp on each medium in triplicate.
The average counts of the two negative samples are presented in Table
1.

Since these samples did not yield coagulase-positive staphylococci,

the degree of inhibition was taken as the ability of each medium to

inhibit interfering microorganisms. Incubation at 37°C alone inhibited
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Table 1. Comparison of the total counts on five isolation media using
two frozen shrimp samples which yielded no coagulasepositive staphylococci.
Me diuma

TPN (27°C)
TPN (37°C)

Count/100 g

% Recovery

130, 000
30, 000

100

TRY-SOY

6, 700

22

S-110-Az

4, 100

14

V-J

3,300

11

370

1

PCMA.

c

a Explanation

of abbreviations: TPN = non-selective medium prepared
by the formula of Corlett et al. (1965); TRY-SOY = Trypticase Soy
Agar with 10% NaCl; S-110-Az = Staphylococcus Medium No. 110 with
0.75 mM Na azide; V-J = Vogel and Johnson Agar; PCMA = PolymyxinbCoagulase-Mannitol-Agar.
Average of three tests per sample.
c
Based on TPN incubated for 48 hr at 37oC as 100% recovery.
77% of the growth at 27°C. Pacific shrimp has been shown to contain
up to 84. 5% Acinetobacter- Moraxella species (Harrison and Lee, 1969),

and 93% of these organisms could not grow at 35°C (Lee, personal
communication).

The microscopic examination of the colonies picked from each

selective medium revealed that no gram-negative bacteria were
present in the dilutions examined. The TPN growth at 37°C was 60%
gram-positive cocci and 40% gram-positive rods. PCMA and S -110Az yielded 80% gram-positive cocci and 20% gram-positive rods;
whereas, TRY-SOY and V-J allowed the growth of only gram-positive
cocci.
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Replica Plating

The initial isolation plates from a shrimp sample which con-

tained coagulase-positive staphylococci were cross-replicated (i. e.,
plated onto fresh plates of all other media used in this experiment).
The resulting replication series with the TPN mother plate showed that

the degree of inhibition increased in the same order as that observed
with direct plating: TPN < TRY-SOY < S-110-Az < V-J < PCMA
(Table 2). Table 2 also shows that the recovery of coagulase-

positive staphylococci from the shrimp sample improved when the

initial isolation plate was less selective. It is recognized that the
physiological state of a microorganism could influence its ability to
grow on selective media (Clark and Ordal, 1969; Harris, 1963;
Postgate and Hunter, 1963). Freeze-injury could be responsible for

the improved recovery of coagulase-positive staphylococci following

growth on the less selective media. Finegold and Sweeney (1961)
indicated that 75 µg /ml polymyxin B was the optimal amount for

selective media for S. aureus. In general, PCMA allowed fewer
colonies to develop than did the other selective media; however, a
greater percentage of the colonies that developed on PCMA were
coagulase-positive staphylococci.
False Reactions on PCMA

Neither false-positive nor false-negative reactions on PCMA were

Table 2. Comparison of selective media for S. aureus by cross-replica-plating,

Number colonies

Mother
platea

transferred from
three mother plates

Total number colonies on three daughter plates
(Coagulase-positive
staphylococci)
PCMA
V-J
S- 110-Az
TRY-SOY
on PCMA.

TPN

897

373

365

184

157

(16)

TRY-SOY

261

--

213

179

47

(15)

S-110-Az
V-J

149

146

129

64

(13)

190

162

190

--

12

26

24

24

20

--

PCMA

(

8)

(

7)

aExplanation of abbreviations: TPN = non- selective medium prepared by the formula of Corlett et al.
(1965); TRY-SOY = Trypticase Soy Agar with 10% NaCl; S- 110 -Az = Staphylococcus Medium No. 110
with 0, 75 mM Na Azide; V-J = Vogel and Johnson Agar; and PCMA = Polymyxin-CoagulaseMannitol-Agar.
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observed in this study. All coagulase-positive staphylococci isolated
produced fibrin halos when streaked onto PCMA and gave a positive

coagulase reaction in the tube test. The S. aureus strains isolated

from the shrimp samples gave a distinct fibrin halo, 2 to 6 mm in
diameter within 24 hr. The replication series in which the TPN

plate was used as the mother plate is shown in Figure 7.
False-negative reactions may occur on PCMA if the S. aureus

strain is strongly proteolytic. Some proteolytic strains isolated
from shrimp began to hydrolyze the center of their respective fibrin

halos, but the degree of proteolysis was not sufficient to interfere
with the coagulase reading after five days of incubation. This finding
conflicts with the observation of McDivitt and Jerome (1965). They

showed that more coagulase-positive strains were detected by the tube
method than by the reaction on fibrinogen- polymyxin medium. PCMA

was prepared with plasminogen-free CRF.

The elimination of

fibrinolysis due to MF and SIC action is believed to be responsible

for the stability of the fibrin halos on PCMA.
Although all coagulase-positive staphylococci isolated were

mannitol- positive, the usefulness of this test was limited by the
presence of coagulase-negative strains which were mannitol-positive.
PCMA allowed faster identification of the coagulase-positive staphylo-

cocci in frozen shrimp than V-J, TRY-SOY and 5-110-Az. A study
is in progress to adapt PCMA for the detection of S. aureus in other
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Figure 7. Comparison of selective media by replica-plating.
TPN (prepared by the formula of Corlett et al., 1965)
was replica-plated onto Staphylococcus Medium No.
110 with 0.75 mM Na azide (S- 119 -Az), PolymyxinCoagulase-Mannitol-Agar (PCMA) and Vogel and

Johnson Agar (V-J). This photograph was taken after
incubation for 48 hr at 37°C. The six fibrin halos
around the S, aureus colonies were discrete at 24 hr;
however, continued incubation resulted in overlapping
of the fibrin zones. The corresponding PCMApositive colonies on V-J and S- 110 -Az are difficult
to distinguish from the non-S. aureus colonies.
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food commodities.

Polymyxin-Coagulase-DNase-Agar

The purpose of this study was to develop a dual-test medium that
was capable of simultaneously demonstrating coagulase and DNase
production

There was no significant difference between PCDA and

PCMA in recovering the test strains of S. aureus from the frozen
samples. Based on the samples examined, the recovery of S. aureus
by PCMA. and PCDA was greater than that of V-J at the 95% significance
level (Table 3).

The selectivity of PCDA was similar to that of PCMA since both
media employed the same concentration of polymyxin B. The appear-

ance of the coagulase reaction on both media was the same (Figure 8).
Both PCDA and PCMA allowed sufficient growth for coagulase halos

to form around the colonies of several of the test strains by the 15 hr

reading. No colonies were visible on the V-J plates at this time.
Figure 9 shows the appearance of coagulase positive staphylococci in
the presence of the contaminating flora of the samples examined. It

was noted that most strains of S. aureus gave slightly larger colonies
on PCMA than on PCDA by the 48 hr reading.

Kurnick (1950) demonstrated that MG preferentially stains
highly polymerized DNA. As DNA is hydrolyzed by DNase, MG is

liberated and fades at physiological pH. This results in zones of

Table 3. Comparison of the recovery of S. aureus, seeded into frozen food samples, using
Polymyxin- Coagulas e - Manni tol- Agar (PCMA), Polymyxin- Coagulase- DNas e- Agar (PC DA)
and Vogel and Johnson Agar (V -J),
Recovery of S. aureus at 48 hr
Culture(s) used to
Food sample
V-J(x106)
PCDA-T-(x10 )
PCMA(x106)
seed food sample
Beef pie

19095 & 19139
19139 & 23235

80
160

120
150

30
145

Chicken a la King

12600 & 13565

200
76

210
80

200

19139 & 23235
8094 & 14458

280

220

160

130

90
103

French fried potatoes

13565

13565 & 13566

56
170

71
150

58
113

Shredded hash brown potatoes

14458
13566

50
180

90

56

240

200

French onion rings

13566 & 14458
14458 & 19095

220

180
90

290

8094 & 12600
8094

120
100

120

104

220

97

100

70

50

120a

47a

12600

Chicken pie

Shredded potato patties

Sliced turkey with gravy
Turkey pie

19139

Coag (-) S. aureus
19095 & 19139
19095

140

77a

140
75

90
85

52

71

71

54

a Enumeration of the number of Coagulase (-) S. aureus were based on mannitol-fermentation on PCMA,

on DNase activity on PC DA, and on growth on V- J.
aCounts x 104.

50

Figure 8. Coagulase reaction of S. aureus A TCC 13566 on
Polymyxin-Coagulase -DNase-Agar after incubation
for 18 hr at 37°C. The light source was placed
behind the plate to obtain indirect illumination.
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Figure 9. Appearance of the coagulase reactions of S.
aureus ATCC 14458 and 19095 on PolymyxinCoagulase-DNase-Agar after incubation for 36
hr at 37°C. The fibrin halos provide easy
identification of the coagulase-positive staphylococci in the presence of the non-S. aureus flora
of the French Onion Ring sample.
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decolorization around DNase-positive colonies that are easily distinguished from the green background. The detection of DNase by growing

organisms has been reported (Lacks, 1970; Smith, Hancock and
Rhoden, 1969). Adding as little as 0,002% MG, along with 75 µg /ml

polymyxin B, proved to be too inhibitory for quantitative recovery of

S. aureus from seeded food samples. This problem was overcome by
elimination of MG from the medium during growth and flooding the

plates with a MG solution after development of the colonies (Figure
10).

The MG developing reagent utilized a citrate buffer solution to

avoid the possibility of interfering with the coagulase reaction by
precipitating all the fibrinogen in the medium. The appearance of the

coagulase reaction was not altered by adding the developing reagent.
Although zones of DNase activity were evident within one hr after

adding the dye, fading of the green around the DNase-positive
colonies continued so that optimal color development took several hours.

The usefulness of the dual-test media for detecting S. aureus
was shown in the recovery of the coagulase-negative S. aureus, Test
procedures designed to detect only coagulase-positive staphylococci
would fail to indicate the presence of this organism. Although
recovered at a lower dilution than the coagulase-positive test organ-

isms, the coagulase-negative Staphylococcus was detected in the
assay media on the bases of mannitol-fermentation (on PCMA),
DNase activity (on PC DA) and by growth and mannitol-fermentation on

--, 3

Figure 10, DNase reaction of S. aureus ATCC 13566 on
Polymyxin- Coagulase- DNase -Agar after incubation for 18 hr at 37 °C. The DNase activity is
indicated by the zones of decolorization (light
areas in this photograph) around the colonies after
treatment with the methyl green developing
reagent. The unhydrolyzed DNA in the center and
right portion of the plate have retained the dye.
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V-J. Although mannitol-fermentation is a variable characteristic

among the staphylococci, the test is still used in detecting S. aureus
(Cris ley, 1964).

The production of staphylococcal DNase is believed to be highly

correlated with that of coagulase (Burns and Holtman, 1960; Chesbro
and Auborn, 1967; Di Salvo, 1958; Jefferies, 1961; Lachica, Weiss and
Deibel, 1969; Weckman and Catlin, 1957). Chesbro and Auborn (1967)

published a method for the extraction and measurement of staphylococcal nuclease in foods. Since not all pathogenic staphylococci

produce coagulase, it is possible that a selective medium which is
capable of detecting coagulase and DNase may provide more positive
identification of pathogenic staphylococci than the use of either

test alone.
Comparison of Animal Sera for
Suitability in Coagulase Testing

Although satisfactory for research purposes, it was recognized
that the preparation of CRF by gel filtration and filter sterilizing large
amounts of bovine fibrinogen for use in a plating medium may be too

complex for routine use in many laboratories. The use of whole
plasma would greatly simplify media preparation. Rabbit plasma is

recommended as the substrate of choice in coagulase testing (U. S.
Food and Drug Administration, 1969); however, the basis for this

remains obscure. Fibrinolysis is a problem when rabbit plasma is
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used in coagulase studies, and no reports in the literature indicated

the superiority of rabbit plasma over the plasmas of many animals.

This prompted a survey to determine the usefulness of different
animal sera in coagulase testing. The criteria used to determine the

suitability of a particular serum were the presence of adequate
amounts of CRF for use in the plate test and the absence of
fibrinolysis,
Comparison of the CRF Activities of Different Animal Sera

The relative amounts of CRF present in the animal sera tested
were indicated by the strength of the fibrin halos produced at the

higher dilutions of each test serum. The 10 hr reading indicated the
following relative concentrations of CRF: human

pig > rabbit >

horse > bovine, chicken and lamb (Table 4). These data are similar
to that reported by Duthie and Lorenz (1952), except they indicated
fowl serum had considerable amounts of CRF.

The difference in source

of the fowl serum is the most likely explanation for the different

results.
The plate examination revealed that human, pig and rabbit sera
contain suitable amounts of CRF for coagulase testing.

The plates

containing pig serum gave the best reactions since the fibrin halos
were more opaque than the halos in the other media, and strong
reactions were given with up to 10% serum incorporated into the

Table 4. Comparison of the CRF activities of animal sera by the plate test: reading after 10 hr at 35°C.
% Serum
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Explanation of symbols:

2
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= no fibrin halo; 1 = weak fibrin halo; 2 = moderate fibrin halo; 3 = strong fibrin halo; 4 = intense fibrin halo; F =
fibrinolysis.

Table S. Comparison of the CRF activities of animal sera by the plate test: reading after 18 hr at 35°C.
% Serum
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Test Serum
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Explanation of symbols:
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= no fibrin halo; 1 = weak fibrin halo; 2 = moderate fibrin halo; 3 = strong fibrin halo; 4 = intense fibrin halo; F =
fibrinolysis.

Table 6. Comparison of the CRF activities of animal sera by the plate test: reading after 37 hr at 35°C.
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Explanation of symbols:

= no fibrin halo; 1 = weak fibrin halo; 2 = moderate fibrin halo; 3 = strong fibrin halo; 4 = intense fibrin halo; F =
fibrinolysis.
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medium. Both human and rabbit sera produced their optimal

reactions with serum concentrations of 2. 7% or less in the plating

media. Media incorporating the horse serum never produced the
strong reactions observed with pig, human or rabbit sera (Tables 4,
5 and 6).

It is possible that the decrease in reactivity at the higher serum
concentrations was due to inhibitors or fibrinolysis. The presence of
growth inhibitors is unlikely since the growth of each strain appeared

the same on all concentrations of each test serum. S. aureus 13565,
14458, 265-1 and 23235 are strong producers of SK and MF. It is

noteworthy that all fibrinolysis observed at the higher serum concen-

trations was around colonies of S. aureus 13565, 265-1 and 23235.

S.

aureus 14458 did not produce fibrinolysis in these experiments. No

fibrinolysis was evident around colonies of S, aureus 12600 and 19095
since these strains do not produce plasminogen activators.

S.

epidermidis 12228 gave negative coagulase reactions on all test media
(Tables 4, 5 and 6).

The comparison of the CRF activities of the plasminogen-free

CRF fractions of each serum gave results similar to those obtained
with the whole sera; namely, human, pig and rabbit fractions produced

the fastest reactions and bovine, chicken and lamb fractions exhibited
negligible CRF activity. In contrast to the whole sera experiments,

the fastest reactions were observed with media containing the highest
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concentrations of added CRF. This was due to the elimination of serum

inhibitors or to the elimination of fibrinolysis due to the action of
plasmin.

Qualitative Determination of Serum Plasinin Activity

The plasmin activities of the different animal sera, arranged

from the strongest to the weakest, were as follows: rabbit > human >
lamb > horse > pig, bovine and chicken,

The pig, bovine and

chicken sera produced no zones of clearing by 48 hr at 35°C. The

degree of proteolysis was taken as a measure of the extent of activation of plasminogen by SK and MF; consequently, the plasminogen-

plasmin systems of pig, bovine and chicken sera were not activated
by the staphylococcal enzyme preparation, These findings paralleled

the fibrin halo stabilities when the whole sera were incorporated into
CM.A.

These data are similar to the species reactivity to SK reported

by Cliffton and Cannamela (1951) and Gerheim and Ferguson (1949).

The plating assay of CRF and the qualitative determination of

plasmin activity indicated that pig serum was the only test serum to

meet the criteria for suitability in coagulase testing (ie e, , adequate
amounts of CRF and no proteolysis due to activation of the plasminogen-

plasmin system). Since rabbit plasma is presently accepted as the

substrate of choice for coagulase testing (U. S. Food and Drug

Administration, 1969), these findings indicated the importance of a
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comparison of pig and rabbit sera plasmin activities following activation of plasminogen with SK and MF.

Arginine Esterase and Plasmin Activity of Rabbit and Pig Sera
Troll, Sherry and Wachman (1954) reported that streptokinase-

activated plasmin catalyzed the hydrolysis of L-lysine and L-

arginine esters. Troll and Sherry (1955) found that the arginine
esterase activity and some lysine esterase activity was due to plasmin.

Troll and Sherry also noted that arginine esters were well suited

for the assay of plasmin activity since serum inhibitors had little
effect on their hydrolysis.

The BAEe activities of rabbit and pig sera are shown in Figure
11.

The rabbit serum + SK and MF gave approximately twice the

esterase activity of the pig serum + plasminogen activators. Similarly, rabbit serum produced about twice as much CO2 evolution as
the pig serum. The staphylococcal enzyme preparation contained
insignificant amounts of arginine esterase activity.

The BAEe

hydrolysis observed with rabbit and pig sera without SK and MF

indicated that the sera contained esterase activity that was not due to
plasmin or that some of the serum plasmin was activated in the test
systern. The three- to fourfold increase in CO2 evolution in the

presence of the staphylococcal enzymes indicated the staphylococcal

preparation activated both rabbit and pig arginine esterase activity.
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Figure 11. Comparison of L-arginine esterase activities of rabbit
and pig sera. L-arginine esterase activity was determined at 25°C using 18 mM NaHCO 3 + 0. 85% NaC1 buffer
and 0.033 M BAEe as the substrate. Six mg/ml of the
partially purified protein from S. aureus 265-1 was used
as the source of SK and MF.
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Since the hydrolysis of the synthetic arginine ester did not
explain the difference in fibrin halo stabilities when rabbit and pig

sera were incorporated into coagulase test media, a protein substrate
was chosen to measure protease activity. The plasmin assay using
a- cas e in as the substrate demonstrated that rabbit serum + SK and MF

was strongly proteolytic; whereas, pig serum + SK and MF had
negligible proteolytic activity (Figure 12). These findings indicate

that the relative stability of fibrin halos on plating media containing
rabbit plasma and that containing pig plasma may be explained on the

basis of plasmin activity.
The difference in plasmin activity of rabbit and pig plasmas may
prove to be important for application in the tube test for coagulase.
The recommended procedure for performing the coagulase test

requires periodic examination for clot formation during the test
period (U. S. Food and Drug Administration, 1969). This is due to the

possibility of fibrinolysis when rabbit plasma is used since fibrinoly-

sis may cause false-negative reactions in the tube test. It is

expected that future research will demonstrate that this type of falsenegative reaction is not a problem when pig plasma is used in
coagulase testing.

Preliminary experiments indicated that heparinized pig plasma

is more suitable than citrated plasma for use in coagulase test agars.
It was determined that 14% (v/v) pig plasma (diluted 1:1) in
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Figure 12. Comparison of plasmin activities of rabbit and pig sera.
The plasmin activities of rabbit and pig sera were
determined following activation of S. aureus 265-1 partially purified protein at a final concentration of 5 mg/
ml in the activation mixture. The reaction was stopped
at 20 min by the addition of 3 ml of 5% trichloroacetic
acid (TCA). The extent of proteolysis was determined by
measuring the percent absorbance at 280 nm of the TCAsoluble reaction products.
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anticoagulant) in 0. 1 M citrate gave a faster and stronger fibrin halo
than higher or lower concentrations of plasma.

The plasmas in 0.2

M citrate and 0. 15 M citrate plus 0. 85% NaC1 proved to be inhibitory

to growth in concentrations which would produce strong fibrin halos.

The inhibition of the growth of S. aureus by citrate was reported by
Rammell (1962). Inhibition of growth or coagulase production was not

observed when heparinized plasma was used in coagulase test agars.

Preliminary results indicate that the use of the plasma with 10 units /
ml of heparin may be more suitable than the use of the plasma containing 5 units /ml heparin since some fibrin clumping has been
observed on plates prepared with 14% pig plasma containing the

lower concentration of heparin.

The use of heparinized plasma has the

additional advantage of preventing false-positive reactions by

organisms which utilize the citrate and allow spontaneous clotting to
occur.

An understanding of the nature of the staphylococcal enzymes that
interact with blood components provided the basis for improving the

tube test and for designing selective media for the rapid identification
of coagulase-positive staphylococci. Although the use of plasminogen-

free CRF from rabbit serum gives excellent results in the plate test,
the preparation of the CRF and filter sterilizing bovine fibrinogen

require too much time for routine use in many laboratories. The
experiments with different animal sera indicate that the natural
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properties of pig serum and plasma may be used to advantage in
coagulase testing. Work is now in progress to couple the selective

properties of Baird-Parker agar base (Baird-Parker, 1962a, b) with
the pig plasma coagulase test system. Since the Baird-Parker medium

is capable of recovering stressed S. aureus cells, the final medium
will provide an extremely sensitive and rapid means for detecting
coagulase-positive staphylococci. The use of this medium will

shorten the analysis time for S. aureus from three days to 24 hr or
less!
One of the most challenging problems facing us today is to
convince the large and influential food examination laboratories (i. e. ,

The U.S. Food and Drug Administration) that their methods must be
updated.

This is especially important when one realizes the saving

in terms of man-hours, incubator space and analysis time, besides the
fact that many industrial laboratories base their analyses on the
official methods.

The Need for Further Research
Perhaps one of the most important questions that needs to be

answered concerning analyses for staphylococci is "What is the best
test of pathogenicity ?" As a matter of habit, food examination

laboratories use the coagulase test as an indicator of pathogenicity.
Hospital laboratories rely on beta-hemolysis or the mannitol reaction,
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and there are some proponents of the DNase, egg yolk lipase and
lysozyme tests. This problem can probably be best approached by
defining what "pathogenicity" means. For example, pathogenicity

should be equated with growth and enterotoxin production from the
viewpoint of the food examination laboratory.

Although serological tests have been developed for detecting
enterotoxins in foods (Casman and Bennett, 1965; Donnelly et al. ,
1967; Morse and Mah, 1967; Silverman, Knott and Howard, 1968),

the complexity of the analyses and the scarcity of specific antisera
have not permitted enterotoxin testing to be practical outside of

research laboratories. Genetic studies to map the enterotoxin,
coagulase, lysozyme, and DNase determinants are needed in order to
predict more accurately the correlation between toxin production
and the production of the more easily determined enzymes.

Preliminary studies indicate that BHI broth contains inhibitors
which interfere with the tube test. Although Tryptic Soy Broth

appears to be superior to BHI broth in this respect, further study is
necessary to determine the growth medium best suited for coagulase
production and testing.

The mechanism of action of c o a g ul a s e is still not
known.

Coagulase may have enzymatic activity, or esterase and

proteolytic activity may occur after activation in the presence of CRF.
The nature of CRF and its interaction with coagulase require further
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study.

In the future, coagulase may be successfully used as an hemostatic agent. Mojovic, et al, (1969) found that appropriate doses of
coagulase lowered blood clotting times and reduced the volume of

blood loss following surgical trauma in rats. Most congenital meta-

bolic diseases may be attributed to abnormalities in protein synthesis
which cause a lack of a particular protein or an abnormal form of the
protein (Gitlin and Janeway, 1958). For example, classical hemophilia
is an hemorrhagic disease due to the deficiency of antihemophilic
globulin (Gitlin and Janeway, 1958). It may be possible that coagulase

therapy could lower blood loss in hemophilic patients.

Since coagulase is antigenic and since the maximum upper

limit of intravenous administration is set by in vivo defibrinogenation

(Mojovic et al., 1969), external application for hemostatic purposes

seems more practical at the present time. The addition of sterile
coagulase powder, or lyophilized coagulase, CRF and fibrinogen, to

sterile surgical dressings would assist the normal blood clotting
process. The use of such dressings would be especially important in
the treatment of traumatic wounds where competent medical help was
not immediately available.

Another very important area of research which needs study is
the role of the staphylococcal kinases in relation to precipitin band
formation and stability. It is possible that the strong proteolytic
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activity of plasrnin may cause proteolysis of some precipitin bands
during immuno- diffusion studies. An investigation may reveal that

antisera need to be treated to remove plasminogen, or that SK and
MF must be eliminated from staphylococcal culture extracts before

serological testing in order to obtain alt possible precipitin bands.

70

SUMMARY

Staphylococcal coagulase is routinely detected by the tube test.

The rates of coagulase clotting were studied in the presence of varying
concentrations of trypsin inhibitor and coagulase-reacting factor
(CRF). Egg white trypsin inhibitor activated coagulase clotting when

added to a final concentration between 2 and 60 mg /ml.

The

greatest increase in clotting rate was observed in reaction mixtures
containing the lowest concentrations of serum and plasma. Maximal
activation was reached with 40 mg /ml of trypsin inhibitor when either

serum or plasma was used as the source of CRF. The increased
rates of clotting were partly due to the inhibition of plasmin. Freezing
and thawing reduced plasma clotting inhibition. Soybean trypsin

inhibitor also activated the coagulase reaction. The increased rate of
clotting was observed with a coagulase preparation from organisms
which produced plasminogen activators and with the culture supernatant
from organisms which did not activate plasminogen to plasmin. The

tube test for coagulase could be made more sensitive for some strains
of staphylococci by increasing the concentration of CRF (added as

plasma or serum), by adding trypsin inhibitor, or both.
Two selective and differential plating media were developed

for the isolation and identification of coagulase-positive staphylococci.
The use of Polymyxin-Coagulase-Mannitol-Agar (PCMA) demonstrated
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that several strains of S. aureus produced visible coagulase reactions
after incubation for eight hr at 37°C, and all strains gave positive
reactions before the 12 hr reading. Mannitol fermentation was usually
observed between 12 and 36 hr.

Rabbit serum was filtered through Sephadex G- 100 to obtain

plasmin- and plasminogen-free CRF. False-negative reactions, caused
by SK and MF action on plasminogen, were eliminated when this CRF
was used. False-positive reactions by lipolytic, coagulase-negative

staphylococci were reduced since gel filtration removed the serum
lipoprotein which served as a primary source of opacity. The
addition of 75 µg /m1 polymyxin B selectively retarded the growth of S.

epidermidis and minimized false-positive reactions caused by citrateutilizing gram-negative rods.
PCMA was compared with three other selective media for the

ability to rapidly isolate coagulase.- positive staphylococci from frozen

shrimp. Spread plating showed that PCMA recovered higher numbers
of coagulase-positive staphylococci than Vogel and Johnson Agar (V-J),
Staphylococcus Medium No. 110 with 0.75 mM sodium azide and

Trypticase Soy Agar with 10% NaCI. PCMA allowed identification of

the coagulase-positive staphylococci within 24 hr; whereas, the other

selective media required 48 hr for growth and 24 hr for confirmation
of the presence of coagulase-positive staphylococci. Cross-replicaplating experiments indicated that PCMA allowed fewer total number of
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colonies to develop than did the other selective media, but a greater
percentage of the colonies that developed on PCMA were coagulasepositive staphylococci.
Polymyxin-Coagulase- DNase-Agar (PCDA) was prepared by

supplementing DNase Test Agar with plasminogen-free CRF, fibrinogen and polymyxin B. Coagulase activity was indicated by the develop-

ment of fibrin halos around growing colonies of S. aureus, and DNase
production was detected by using a developing solution containing 1

mg/ml methyl green. PCMA and PCDA gave similar results in

recovering different strains of S. aureus from frozen food samples.
Both PCMA and PCD.A were superior to V-J in recovering staphylo-

cocci from frozen products.
Since the preparation of plasminogen-free CRF may be too

difficult for routine use in some laboratories, the sera of several
animals were examined for their suitability in coagulase testing. The
assay of CRF activities of whole sera indicated the following relative

concentrations of CRF: human > pig > rabbit > horse > bovine,

chicken and lamb. Human, pig and rabbit sera were considered to
have adequate amounts of CRF for use in coagulase testing. Growth

of S. aureus strains which produced staphylokinase (SK) and Milller
factor (MF) on media containing more than 1% rabbit or human

serum resulted in fibrinolysis and false-negative reactions. The use
of up to 10% pig serum in the test media did not result in fibrinolysis
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due to plasmin activity. The use of plasminogen-free CRF, prepared

by gel filtration of the different animal sera, indicated the same
relative concentrations of CRF and eliminated fibrinolysis resulting
from the action of SK and MF on plasminogen.

The plasmin activities of the different sera, arranged from the
strongest to the weakest, were as follows: rabbit > human > lamb
horse > pig, bovine and chicken. Comparison of the hydrolysis of

a-N-benzoyl-L-arginine ethyl ester-HC1 by rabbit and pig sera, as
well as these sera with SK and MF, indicated that rabbit serum

possessed about twice the arginine esterase activity as pig serum.
The plasmin assay using a-casein as the substrate demonstrated that
the plasminogen-plasmin system of rabbit serum was activated by SK

and MF; whereas, the pig serum protease system was not activated
by the staphylococcal SK and MF.

Pig serum was superior to the other sera tested for use in
coagulase test agars. Preliminary experiments indicated that
heparinized pig plasma is more suitable than citrated pig plasma

since citrate interfered with growth of S. aureus. The use of
heparinized plasma prevented false-positive coagulase reactions due

to citrate utilization,

74
BIBLIOGRAPHY

Baird-Parker, A. C. 1962a. An improved diagnostic and selective
medium for isolating coagulase positive staphylococci. The
Journal of Applied Bacteriology 25:12-19.

The performance of an egg yolk-tellurite
medium in practical use. The Journal of Applied Bacteriology
1962b.

25:441-444.

Plasma coagulation by organisms other than Staphylococcus aureus. Journal of Bacteri-

Bayliss, B. G. and E. R. Hall.

1965.

ology 89:101-105,

Bergmeyer, H. 1965. Methods of enzymatic analysis. New York,
Academic Press. 1064 p.

Blobel, H., D. T. Berman and J. Simon. 1960. Purification of

staphylococcal coagulase. Journal of Bacteriology 79:807-815.

Biochemical properties of
virulent and avirulent staphylococci. Annals of the New York

Burns, J. and D. F. Holtman.

1960.

Academy of Science 88:1115-1124.

Cadness-Graves, B. et al.

1943.

Slide test for coagulase positive

staphylococci. Lancet 244:736-738.

Rapid identification of
coagulase-producing staphylococci. American Journal of
Clinical Pathology 35:468-471.

Cannon, F. D. and C. V. Z. Hawn.

1961.

Detection of staphylococcal
entertoxin in food. Applied Microbiology 13:181-189.

Gasman, E. P. and R. W. Bennett.

1965.

Chapman, G. H. et al. 1938. The differentiation of pathogenic
staphylococci from non-pathogenic types. Journal of Bacteriology 35:311-334.

Chesbro, W. R. and K. Auborn. 1967. Enzymatic detection of the
growth of Staphylococcus aureus in foods. Applied Microbiology 15:1150-1159.

Thermal injury and recovery
of Salmonella typhimurium and its effect on enumeration
procedures. Applied Microbiology 18:332-336.

Clark, C. W. and Z. J. Ordal.

1969.

75

Cliffton, E. E. and D. A. Cannamela. 1951. Variations in proteolytic activity of serum of animals including man. Proceedings
of the Society for Experimental Biology and Medicine 77:305308.

Corlett, D. A. , Jr. , J. S. Lee and R. 0. Sinnhuber. 1965, Application of replica plating and computer analysis for rapid
identification of bacteria in some foods. I. Identification
scheme. Applied Microbiology 13:808-817.

Methods for isolation and enumeration of
staphylococci. In: Examination of foods for enteropathogenic
and indicator bacteria, ed. by K. H. Lewis and R. Angelotti,
Washington, D. C. 123 p. (U. S. Public Health Service.
PHS publication no. 437)

Crisley, F. D.

1964.

DiSalvo, J. W. 1958. Desoxyribonuclease and coagulase activity of
micrococci, Medical Technicians Bulletin 9:191- 196.

Donnelly, C. B. et al. 1967. Serological identification of enterotoxigenic staphylococci from cheese. Applied Microbiology
15:1382-1387.

Drummond, M. C. and M. Tager. 1962. Enzymatic activities
associated with clotting of fibrinogen by staphylocoagulase and
coagulase-reacting factor and their inhibition by diisoproplaylfluorophosphate. Journal of Bacteriology 83:975-980.
Duthie, E. S. 1954, Evidence for two forms of staphylococcal
coagulase, The Journal of General Microbiology 16:427-436.
Staphylococcal coagulase:
The
Journal of General
mode of action and antigenicity.
Microbiology 6:95-107.

Duthie, E. S. and L. L. Lorenz.

1952,

Elek, S. D. 1959. Staphylococcus piog= and its relation to
disease. Edinburgh, E, S. Livingstone. 767 p.

Esber, R. J. and R. J. Faulconer. 1959. A medium for initial

visual demonstration of production of coagulase and fermentation of mannitol by pathogenic staphylococci. Technical
Bulletin of the Registry of Medical Technology 29:108-110.
A comparative study of
known food poisoning staphylococci and related varieties.
Journal of Bacteriology 59:545-550.

Evans, J. B. and C. F, Niven, Jr.

1950.

76

Field, H. I. and H. W. Smith. 1945. The coagulase test for staphylococci. The Journal of Comparative Pathology and
Therapeutics 55:63-69.
Finego ld, S. M. and E. E. Sweeney. 1961. New selective and
differential medium for coagulase-positive staphylococci
allowing rapid growth and strain differentiation. Journal of
Bacteriology 81:636-641.
Dye-diffusion test for semiquantitative staphylocoagulase assay, Applied Microbiology

Fung, D. Y. C. and A. A. Kraft.

1968.

16:1608-1609.

Species reactivity to
staphylokinase. Proceedings of the Society for Experimental.

Gerheim, E. B. and J. H. Ferguson.

1949.

Biology and Medicine 71:261-263.

Comparative
enrichment
evaluation of a direct plating procedure and an
isolation procedure for detecting coagulase positive staphylococci in foods. Journal of the Association of Official Analytical
Chemists 49:273-275.

Gilder), M. M., E. F. Baer and M. K. Franklin.

1966.

Gitlin, D. and C. A. Janeway. 1958. Congenital abnormalities in
protein synthesis. Pediatrics 21:1034-1038.
The influence of the recovery medium and the
incubation temperature on the survival of damaged bacteria.
The Journal of Applied Bacteriology 26:387-397.

Harris, N. D.

1963.

Microbiological evaluation of
Pacific shrimp processing. Applied Microbiology 18:188-192.

Harrison, J. M. and J. S. Lee.

1969.

Haughton, G. and E. S. Duthie. 1959. The activation of staphylococcal free coagulase by plasma constituents and the hydrolysis
of. Na- toluene- p- sulphony-l- L-arginine methyl ester (TAME)
by activated coagulase. The Biochemical Journal 71:348-355.

Hutchison, J. G. P. 1962. Milller's phenomenon and its relationship
to plasminogen activation and to blood constituents producing
opacity in an agar gel. The Journal of Pathology and Bacteriology 84:289-306.

Comparison of six physiological characteristics of staphylococci from laboratory specimens. American
Journal of Clinical Pathology 36:114-118.

Jefferies, C. D.

1961.

77

Klemperer, R. and G. H. Haughton. 1957. A medium for the rapid
recognition of penicillin resistant coagulase-positive staphylococci. Journal of Clinical Pathology 10:96-99.

Kunitz, M. and J. H. Northrop. 1936. Isolation from beef pancreas
of crystalline trypsinogen, trypsin, a trypsin inhibitor, and an
inhibitor-trypsin compound. The Journal of General Physiology
19:991-1007.

Kurnick, N. B. 1950. Methyl green-pyronin. I. Basis of selective
staining of nucleic acids. The Journal of General Physiology
33:243-264.

Relation
among coagulase, enterotoxin, and heat- stable deoxyribonuclease production by Staphylococcus aureus. Applied Microbiology 18:126-127.

Lachica, V. F., K. F. Weiss and R. H. Deibel,

1969.

Lacks, S. 1970. Mutants of Diplococcus pneumoniae that lack
deoxyribonucleases and other activities possibly pertinent to
genetic transformation. Journal of Bacteriology 101:373-383.

Lamy, F. and D. F. Waugh. 1958. The physical changes of prothrombin under various experimental conditions. Thrombosis et
Diathesis Haemorrhagica 2:12. In: Prothrombin, by W. H.
Seegers. Cambridge, Harvard University Press, 1962. p. 40.
Lassen, M. 1958. The esterase activity of the fibrinolytic system.
The Biochemical Journal 69:360-366.

Lederberg, J. and E. M. Lederberg. 1952. Replica plating and the
indirect selection of bacterial mutants. Journal of
Bacteriology 63:399-406.

Lee, J. S. Associate Professor, Oregon State University, Department
of Food Science and Technology. Personal communication.

Corvallis, Oregon. May 21, 1970,

Litkenhous, C. J. et al. 1968. False-positive coagulase reactions
in the characterization of microorganisms isolated from foods.
Journal of the Association of Official Analytical Chemists
51:1-3,

The influence of certain bacteria on the coagulation of
blood. Journal of Medical Research 10:407-419.

Loeb, L.

1903.

78

McCann, S. F. and M. Laskowski. 1953. Determination of trypsin
inhibitor in blood plasma. The Journal of Biological Chemistry
204: 147- 152.

McDivitt, M. E. and N. W. Jerome. 1965. Limitation of fibrinogenpolymyxin medium in detecting coagulase-positive staphylococci in raw milk. Applied Microbiology 13: 157- 159.

Mojovic, B. et al. 1969. Staphylocoagulase as a hemostatic agent.
Yale Journal of Biology and Medicine 42:11-20.

Morse, S. A. and R. A. Mah. 1967. Microtiter hemagglutinationinhibition assay for staphylococcal enterotoxin B. Applied
Microbiology 15:58-61,

Muller, L. 1927. Recherches sur le mecanisme de certaines
he-molyses d'origins bacte'rienne. Comptes Rendus des
Seances de la Socie-t(de Biologie et de ses Filiales 96:189-193.

Mullertz, S. and M. Lassen. 1953, An activator in blood indispensable for formation of plasmin by staphylokinase. Proceedings
of the Society for Experimental Biology and Medicine 82:264268.

Coagulase production by staphylococci on a
solid medium. The Journal of Pathology and Bacteriology 56:

Penfold, J. B.

1944.

247-250,
1963. Metabolic injury in frozen
The
Journal
of
Applied
Bacteriology 26:405-414.
bacteria.

Postgate, R. J. and J. R. Hunter.

Quie, P. G. and L. W. Wannamaker. 1961. Staphylococcal Milner
phenomenon: relationship to the plasminogen-plasmin system.
Journal of Bacteriology 82:770 -783.

Rammeil, C. G. 1962. Inhibition by citrate of the growth of coagulasepositive staphylococci. Journal of Bacteriology 84°1123-1124.
Reid, J. D. and R. M. Jackson. 1945. An improved method for
determining the coagulase activity of staphylococci by means
of the plasma agar plate. The Journal of Laboratory and
Clinical Medicine 30:155-160.

Molecular biology of
human proteins with special reference to plasma proteins. Vol.
Nature and metabolism of extracellular proteins. New
1_

Schultze, H. E. and J. F. Heremans,

1966.

79

York, Elsevier. 904 p.

Sherry, S. and W. Troll. 1954. The action of thrombin on synthetic
substrates. The Journal of Biological Chemistry 208:95-105.
Silverman, S. J., A. R. Knott and M. Howard. 1968. Rapid,
sensitive assay for staphylococcal enterotoxin and a comparison
of serological methods. Applied Microbiology 16:1019-1023.
Improved
medium for detecting deoxyribonuclease-producing bacteria.
Applied Microbiology 18:991-993.

Smith, P. B., G. A. Hancock and D. L. Rhoden.

1969.

Smith, W. and J. H. Hale. 1944. Nature and mode of action of
Staphylococcus coagulase. British Journal of Experimental
Pathology 25:101-109.

Smuckler, S. A. and M. D. Appleman. 1964. Improved staphylococcus medium no. 110. Applied Microbiology 12:355-359.
Thrombin coagulase. Anna les de Biologie
Clinique 27:285-295. (Abstracted in Chemical Abstracts 72:

Soulier, J. P.
273c.

1969.

1970)

Stutzenberger, F. J., C. L. San Clemente and D. V. Vadehra.

1966.

Nephelometric assay of staphylococcal coagulase. Journal of
Bacteriology 92:1005-1009.
Quantitative coagulase production by
apparently coagulase negative strains of staphylococci.
(Abstract) Bacteriological Proceedings, 1961. p. 110.

Sword, C. P. et al.

1961.

Tager, M. 1948. Studies on the coagulase-reacting factor. I. The
reaction of staphylocoagulase with components of human
plasma. Yale Journal of Biology and Medicine 20:369-380.
Problems in the coagulation of plasma by
staphylocoagulase. Annals of the New York Academy of
Sciences 65:109-118.
1956.

Tauraso, N. M. and D. A. White. 1963. Studies on staphylococcal
infections. American Journal of Diseases of Children 105:
164-174.

Taylor, J. I. and A. McDiarmid. 1948. The use of plasma, incorporated in solid medium for the detection of coagulase positive

80

staphylococci of bovine origin. The Journal of Comparative
Pathology and Therapeutics 58:134-137.

Troll, W. and S. Sherry. 1955. The activation of human plasminogen
by streptokinase. The Journal of Biological Chemistry 213:
881-891.

Troll, W., S. Sherry and J. Wachman. 1954. The action of plasmin
on synthetic substrates. The Journal of Biological Chemistry
208:85-93.
1958. The use of a lyophilized
human plasma standardized for blood coagulation factors in the
coagulase and fibrinolytic tests. The Journal of Laboratory
and Clinical Medicine 52:888-894.

Turner, F. S. and B. S. Schwartz.

U.S. Food and Drug Administration. Division of Micribiology. 1969.
Bacteriological Analytical Manual. 2d ed. Washington, D. C.
Various paging.

Studies on extracellular proteins from
Staphylococcus aureus. I. Separation and characterization of
enzymes and toxins by isoelectric focusing. Biochimica et

Vesterberg, 0. et al.

1967.

Biophysica Acta 133:435-445.

Weckman, B. and B. W. Catlin. 1957. Deoxyribonuclease activity of
micrococci from clinical sources. Journal of Bacteriology
73:747-752,

Wegrzynowicz, Z., J. Jeljaszewicz and B. Lipinski. 1969.
Standardized procedure for determination of staphylocoagulase.
Applied Microbiology 17:556-558.

Zaikina, N. A. and N. P. Elinov, 1967. Mechanism of action of
plasma- coagulase in certain microorganisms. Voprosy
Meditsinskoi Khimii 13:603 -605.
Abstracts 68:27184d. 1968)

(Abstracted in Chemical

