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GENERAL  TNTRODUCHTON

There hag beon comparatively little attention paid in the past
to the corynebacteria which are found in the bovine udder. ¥With the
excoption of Corymebactoriuwn pyogenes, these corynebacterie, the
majority of which form a homogencous group = Corynebsaclerium bovis =,
wers conﬂideréd to be apathogenlc and incapable of affecting udder or
milk. Most of the bacteriological work on the preventlion and cure of
mastitis has been councerned with the eradication of streplococci and
staphylococei, but there is an increasing number of cases of mestitis
from which these orgenisms cannot be isolated., Nostitis is of
continuing coonomic dmportance, in spite of the atlempts made to
eradicate streptococcal and staphylococcal infectlion. This disease
mey bhe responsible for sn annual loss of £9~20 million due to the
reduction of milk yield (Wilson, 1963, 196k a and b) with an estimated
depreciation in the market value of stock of £762,000 ennually (Vest,
1966). As a result of surveys in Englond and Wales it has been found |
that in any one month 14% of dairy cows mey suffer from clinical
mastitis and at any one time 25% mey suffer from subolinical mastitis
(Wilson, 1964 b)s A cow with clinical mastitils usually loses ebout
20% of the milk yleld predicted for that lactation and O'Donovan, Dodd
and Neave (1960) found that subolinicel mastitis can depress the yiolds
of milk, solidsenot-fat and butterefat by 10, 11 and 12% respectively.

'he organisms commonly regarded as poltential causes of mastitis

(particularly olinicel mestibis) ere Staphylococcus asureus,

Streptococeus agalactise, Skr. uberis, Str. dysgeloctise end (in



swnmer mastitis) Goryanchastorivm pyogenes. The predominating organism

amongst these has changed over the years, Shre agalactiase being the

organism which was most ldmportent hefore the introdwction of antibiotics,

but sinoce the disease has been treated with antibiotics. Staph. aureus

has become the orgenlsm which, of the five mentioned, is most usually
isolated from cases of mestitis. Thus, in 1942, a survey carried outl

from Veybridge found that Str, agalectise was responsible for Wi of

the clinicenl cases of mastitis, end Stoph. gureus was responsible for

17% of the clinicel cases, wherees in 1962 the fipures were A% end 3%
respectively (Wilson, 1963).

The orgonisms vhich have been termed "lowegrade pathogens" (Wilson
1963) have received 1ittle atbenbion. Well (1918) listed, in addition

to streptococel, staphylococel and C.pyogenes, the following as causative

organisms of mestitis: Facherichia coli, Mycobactoxrdum tuberoculosis,

Aotinomycos bovis and Spheerophorus neerophorus. Hammer (1948) listed

ST

Aercbecter serosenss, H.coli and Pscudomonas acruginosas as belng

oceasionally responsible for mastitiss Wilson and Miles (1955) briefly

mentioned colif'orm bacteria, Sph. necrophorus and Pg.oerusinosas

Theidifficulty of deciding which orgenisms are capable of causing
mastitis wresults from the method of diagnosis of the disecssz. The onset
of mastitis is choracterized by the accumulation of leucocytes and the
entry of hlood constitvonts dnto the milk. The diagnosis of masbtitis
is based on the presence of clinical symptoms in the animal: changes
in the composition of the milk towerd that of blood (for example, rise
in pH, increase in chloride content, the presence of catalase); the

presence of "leucocytes" in the milk; and the detection of causal



organisms, Obviously mastitis is most reedily diagnosed when clinical
gympboms are present in the animal and vhen there sre obvious physical
choanges in the milk (presence of clots, o the udder secreotion being
thin and wetery, poseibly yellow in colouwr, and posgibly tinged with
blood). Vhen mastitis of this sdvanced type hes been diagnoned the
orgenisms isoleted from the uwdder seoretion ave strongly'sﬁspected of’
censing the maptitic condition. Before the inbroduvction of antibiotics
ptreptococel were most frequently lsolated from such cases, and
stephylocncel were the second nost common organism. These organisms
in particular therefore have geined a reputation as being the chiefl
causative organisms of Dovine mastitis. When subcelinleal and lncipient
mestitis was o be diagnosed bhefove the development of clinical symptoms
or gross physical changes in the milk, reliance was placed upon the
presence of leucocytes in the mllk, and the deteotlon of organloms
copeble of causing mastitis (i.ec. streptococei end staphylococei). In
the event of causative orgenisms not being iselated, the condition has
been termed "nopespecific mastitis® (Malcolm and Campbell, 1946; Laing
ond. Molcolm, 1956). The diagnosis of nonmspecific subolinical mastitis
thus depended entlirely on the dstection of a high cell count in the
milk. Total cell counts and differvential cell coundty distingulshing
between leucooytes and epithelial cells or between difforent types of
leucoaytes (Blackburn and Macadam, 1954) have all been used for this
purpose by d@ifferent workers (Blackburn, Laing and Maleolm, 1955
Loing end Malcolm, 1956).

Thus theve wes made an implicit assumption that the strepitococcl



and stephylococed most frequently isolated from cases of clinical
mastbitis were the organisms also responsible for initisting the mastitic
infection, since the absence of strepltococei and staphylococei (and
C.Egpgenas) in milk showing o bigh cell count usually caused the sub-
clinical mastitis to be called non-gpecilic unless lavge numbers of
coliforms, Ps.oeruginose or certain other orgenlsms recognized as low-
grade pathogens were isolated, These lest-named orgenisms wero regarded
as (lowsgrade) pathogens prinaipally'bacause they vrers not found in the
healthy bovine udder. On the other hend, the organism very commonly
found in the healthy (and mastitic) udder, ond capable of being
isolated from a very high proportion of samples of freshly drawn milk
~ nemely Gsbovis =~ was regarded as an gpathogenic member of the normal.
flore of the teat-canel of no signilficance in the development of
mestitis. Unlortunately the published surveys covering hoth the
incidence of bovine mostitis and the orgenisms lsolated from milk
samples have usually suffered from the failure Lo report all the
orgenisms lsolated. Gorynebacberium bovis is the organism most
Frequently omitted (e.ge Dedng end Melcolm, 1956). Because of this
selectlon of organisms 40 be reported there exists 1liltle evidence on
the relative dundidence, both quelitative and quentitative, of Csbovig
in the udder seoretions from normal. wdders compared with the secretions
from cases of subelinical or elinicel magtltis.

A survey conducted by Ochi and Kabsube (1958) on 53 cows in 3
herds revealed that from the normal uwdder Staphylococcus was isolated

from 8%: and Corynebacterium was isolated from 51% of the samples




vheress in the case of the masgtitic udder, Staphvlococous was isolated
L]

from 0% of the samples, and Corynebactorium was isolated Lfrom 20% of

the samples (Sireptocoocus being inolated from mastitic wdders in 757

of the cases). ALl the sbtrains of Coryncbacteorium which they isolabed
from the normal udder were C.pseudodiphthericum (o species considered
to inelude C.bovis within its wider definition) wherens of the
corynehocteria isolated from cases of mastitis 709 were identified as

Cepyosenes and %0% as Ce.pscudodinhthericum.

It dis considered that the relatlonship of C.bovis to bovine mestitis
degserves closer attention Lor two reasons: Liratly the dumporteance of
Cebovig in the initisl stages of mastitis has not been determined
the staphylococeld and streptococel found so commonly in clinlegd
mastitis could be secondary infections -, end secondly it is possible
that cerbain of the changes in the methods of milk productlion have
changed the susceptibllity of the udder to the orgeniems which have
proviously been rogarded as comparabtively harmless - in partiocular the
average milk yield of the dalry cow has increased by 70% since 1945,
and machine milking has become the usual method of milking. The use of
machine milklng has resulted in an increase in the incidence of mestitis:
a survey corried out in 1958=59 showed that 10.5% of cows milked by
machine suffered from acube or mild mastitis compared with 6.0% of cows
milked by hand (Report, 1964). Until very recently the possibility of
Cebovis being of importsonce in mastltis has been dismissed by most of
the workers in the {leld of bovine mastitis., There have however been

ong or two exceptions to this general lack of interest in C.hovis ~ for



example Little, Brown and Flastridge (1946) thought it Quéstiondble

whether the harmlessness of the milk diphtheroids obher than pfp29ﬁenes
could bs Gaken for granted, and they recognlzed the need Lor more
caveful study of their effocts in the udder. Very recently, sinece tho
inception of the present invesbigation, ‘there has been an incrcosing
interest ln Cebovig and its role in bovine mastlbis. The Ceniral
Voberinery Leboratory ob Weybridege (Reporis, 1965,-1966) is now
recognizing C.bovig as o possible cavse of ¢linical mastibis, and
reports its recovery as the sole ovganism present in the udder seoretion
from a number of cows sulfering from acute mastitis (Wilson, 1963,
1964a). DBruford and his colleegues (Bruford gf agl., 1965) reported that
during the last few years C.bovis had been recovered from quite severe
cases of mastiltis as the soleé isolate., Furithermore in certain herds it
bhad been shown to produce a marked increasse in the cell count of the millk,
end sometimes more bhan 60% of the cows in a herd were involved. In an
admittedly smallescale inoculation experiment Cobbasnd Walley (1962)
obtalned sympioms of mestitis by the intramemmory Inoculation of live
and dead cultures of Cebovils and of its cultbure Liltrates.

There have been comperatively ffew detailed studies of C.bovig since
Evens (1916, 1917) described the characteristics of Baciilus sbortus

var. Lipolyticus which she later considered (breed, Murray and Smith,

1957) o be identical with Ce.boviz. The chavacteristics which she
described were confirmed by Bendizen (1933) whose "Hype A udder
corynebocteria’ corresponded with {,bovis. The organism seemed to be

biochemicelly inactive apart from a slight tendency to the production of



aedid in the ecream layer of whole nillk. Becsuse of the apathogenicity
and biochemical inactivity of C.bovis it has commanded little atitentlon
subsequently. The few dnvestlgations which have included e study of
Gobovis (for exemple those of Brooks and Hucker, 19443 Brouillaud and
Michel, 19623 and Ochl end Zaizen, 1940, whose ngﬁggggggghﬁhericum:
type I was comsidered by Ochi (Katoube, 1964, personsl communicetion)
to inelude Gebovis) have tended to confirm this biochemical inactivity,
with the weak lipolytio ability of the organism being the only positive
cheractoristics FBven this characteristic has been rather inadequately
demonstrated (Black, 1944). Abd-eletnlek and Gibson (1952), referring
%o Bagterdun lipolviigum Evens (glo) stated that "» . o since this
organism is blochenically inactive in milk, and since the colonies which
it might occasionelly produce on milkecount agers are so small that
they would easily escape debection, ita occurrence in milk appears to
be of little practical interest." Counsequently these two workers did
not study the heat-sensitive diphtheroids in debail.

It seemed desirable 4o exemine C.bovisg in greater detsil than had
been attempted hitherto. Mrstly such work mey help to throw some
light on the reasonsg for the restricted habitat of C.bovis, Tn addition
the blochemiocal reactions of (ubovis required clardfication, since in
previous investigabions either the recipes of the hegal medis used for
biochemical tests were not given or the basal medis used (.g. nubrient
ager, pepbone water ebto.) were wasuitable for its growbh sithough the
enhoncement of growth of C.bovis :P¥ serum was described by Evans (1916).

Isolates of coryneform bacteris were ohtained from samples of



freshly-dvavm bovine milk submitied to the Bacteriology Department of
the Viest of Seolland Agricultural College for rouline examination for
mastitlis. The samples were examined by culture of the organisms
present in the mllk on blood agar.end on serum agar, and the vesulils
of' bacterial culiture were compared with the presence of clinical
- maptitis, the phyaslcal scppearance of the milk and the total bovine cell
count. Information on these three aspects wes obtained from the
gpecialist Advisory Officer concerned with the routine investigation
of the milk samples.

The cultural characteristics of the isolates and of a range of

type culbures of Corynobacterium were examined, primerily to slucidate

the nature of the cultuvel requivement of C.bovis for serum. "he
bilochemical reactions of the isolates and type culbures were subsequently
exomined using Dasal media ocapable of suppording the growth of the
nutritionally exacting corynebscteris C.hovis, Ce.pyogenes and

Ceddphtherioe.,

In order to further sluecidate the nature of the requirvement of
Gebovis for serum, ond perhaps to help in the elueidatlon of the reasons
for the credilection of C.bovis for the bovine vdder, the growth of
Cohoyls wos studied in o range of chemically defined media.

As o result of the difficulity in the intervpretation of the resulis
obtained with C.bovis on lipolysis test media, an abbempbt was made to
isolate the llipolytic and Tween=hydrolysing enzymes of C.bovig and to

study their substrate preferences by the use of zone electrophoresis.



SOURCE OF CULTURES STUDTED

L o e R e e S A e e e s SRS e

Ixperimentel methods

Milk samples from 14 different faorms were examined by direct
vlating of samples obtained from individusl querters of bovine udders
on (a) blood ager (pH 7.2) containing (% w/v): peptone (Oxoid), 1.0
Lab=Lemeo beef extract (Oxoid) ,. 1403 sodium chloride, 0.5; agar, 1.2;
to which was added after storilizaetion 5% (v/v) of oxalated horse
blood (Burroughs Wellcome and Co., London), and (b) a tryptose serum -
agar (pH 7.2) containing (% w/v): tryptose (Oxoid), 1.0; Lab-Lemco
beef extract (Oxoid), 0.3; sodium chloride, 0.5; agar, 1.2; to which
was added after sterilization 5% (v/v) of sterile bovine serum (Oxoid).
The blood or serum was added aseptically to the liguefied medium at
[+1:18 50°C just before pouring the plates, fhe examination wa.s made
roughly quantitative by the use of a graduated closed wire loop (4 mm
internal diameter) which delivered approximately 0,01 ml of milk. The
milk samples were streaked over the surface of the plates which had
been previously poured and drieds. The four quarter samples from one
animal were sireaked in sepsrate sections of one plate. The plates
were incubalted at 370(2 and examined af'ter 24 and 48 hours; they were
also examined after 3 days at 37°C followed by 3 deys at 25°C. The
colan:i.al characteristica of the isolates were observed end microscopic
examinations were carried out on Gromw«stained heat-~{fixed smears.

The milk samples were also examined for total bovine cellular

content using the Breed's smear technigue and Newman's stain®

“Newmon's stain Methylene blue 1.0 g
Tthenol, 95% 9 ml
PTetrachlorethane 40 ml
Glacial acetic acid 6 ml

The e‘gho.nol wes added to the tetrachlorethane and hested in a water bath
at 70 °C. The methylene blue was then added ond sheken until dissolved.
The acetic acid was added to the cool solution and the mixture filtered.



(Ameriocen Public Health Associetion 1960). The milk sample (0,01 ml)
was spread over an area of 1 cm2 on a clean glass slide, and dried by
placing the slide on a hot plate at 55°C., The slide was placed in o
coplin Jar conteining Newmen's stain for 2 minutes. 'The slide was then
removed from the atain and allowed to dry in air. Vhen dry the smear
was washed by placing bthe slide in a coplin jar contsining water, the
Jar being gently agitated during the washing procedure. Aifter washing
the smeer was once again allowed to dry in air.

After determining the diameter of the mloroscope field using the
oll immersion objective and a slide micrometer, the number of bovine
cells in up to 30 randomly selected fields was delermined. In the case
of smears in which the cells were uwniformly distributed, the number of
fields counted depended upon the average number of cells present per

field, in 2 menmer similar to that suggested by Wilson (1935).

Aversge nunber of cells Tumber of fields
per field counted

0=« 5 30

e 6 15

T= 10 10

1M1 - 17 6

18 = 30 3

More than 30 1

L the cells were not distributed uniformly throughout the smear,
30 fields were counted.

Regults and isolates obtained from bowine milk samples

One thousand three hundred and thirty four (1,334) quarter samples
were examined from 335 cows on 14 farms over a period of two years
(Table 1)

On the basis of the bovine cell count the 1,334 quarter samples



FARMS TROM WHICH SAMPLES WERE OBTATNED

TABLE 1

Location of Tarm

High Bleantyre,
Lanarkshire.

Englesham,
Renfrewshire.

Luchterarder,
Perthshire.

Coatbridge,
Lanarkshire

Castle Douglas,
Kirkoudbright.

Kilkerran, by Meybole,
Ayrshire.

Denny,
Stirlingshire.

Beillieston,
Lanarkshirc. .
Campbelltown,
Argyllshire,
Crocketford,
trkeudbrightshire,

Bute
Styravhaven,
Lanarkshire.

Lenzie,
Lonarkshire

Dunoon, Cowal,
Argyllshire.

Rete of
examination

1/ 5/62
155 5/652

3/ 1/62

8/ 5/62
15/ 5/62
5/ 1/62
9/ 7/62
25/ 7/62
3/ 8/62
26/10/62
7/ 9/62
15/40/62
17/10/62
25/10/62

10/12/63
27/ 2/64

30/ 4/6%
30/ b6l

TOTAL

- Number of

quarter=samnnles

72

76 -
7

184
2
M

8

112
36
16

&

72
135

[%Ié P

Number of

Tcattle

18
19
19

LG
6
23

2

28



TABLB 2 : C15LL COUNTS OF. AND ISOLATES FROM

BOVINE MILK SAMPLES
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vere grouped as suggested by Laing and Malecolm (1956): with a. cell
count of less than 250,000 per ml, the milk was vegarded as being
derived fyrom o normal, healthy quarter; a cell acount of 250,000 =
500,000 per ml was considered to be possibly derived from a quarter in
which there was mastitisi a cell count of more than 500,000 per ml was
considered indicative of mestitis (e subelinicsl mastitis in the ebsence
of eny menifest sbnormality of mill or udder)., In addition the cases
of olinicel mastitis were also noted. The isolates on the blood agar
and serum ager plates werae broedly identified on the basis of colonizl
appearence and microscopic oxamloation of Grapegtained smesrs. The
results are set out in Table 2.

Frequently, slow=-growing colonies of corynebacteris were detected
after 3 days atb 3?06 folloved by 3 days at 25“6, where they had not
been evident after 3 days et 37°G.

Trom these samples 142 streins of corynebacteria werc obtained in
pure culiure and thelr cultural and biochemiceal characteristics
exemined, The isolates were taken both from normal udders and gquarters
showing evidence of clinical or subclinical mostitis as shown in Table

L] T¢ ¥
3 Tz LABLE 3s in which only
THE ORIGIN OF THE CORYI\%%E&TERIUM STRAING BXAMINED

Tl ORIGIN OF THI CORYMEBACTERIUM STRAINS EXAMINED

Cell cauntdml of State of udder No, of
mnill sample guasrtor isolates
< 250,000 Normal 66
250,000~500, 000 Suspect 18
> 500,000 Positive (subeclinical mastitis) 353
e Cliniecal mastitis 8

Not known Not known 16



corynehacterie were detected or in which the corynebacterio greatly
outnunbered any other micro-organisms prescent,

The examinetion of millk samples from animals other then cows

In addition Yo the examination of bovine milk samples detailed
in Teble B, 32 "half-samples" of ceprine milk (from 13 different goets),
one equine milk sample, and 9 humen milk samples (from 9 different
women) were similarly exemined by plating 0,01 ml amounts on blood ager
éncl serun agar. No corynebacteria were detected in the samples of
coprine milk. Corynebacteria were present in the equine milk sample
and. three colonies were selected (strains 170, 171, and 172) for
further study and for comparison with the corynebacterie isolated from
the bovine milk, In only one human milk sample were corvnebacteria
detected snd isolabted (strain 173).

TLype cultures used for comparative purposes

The cultural, morphological and biochemicgl characteristics of
the isolates were compared with those of the following type cultures:
Corynebacterium bovis NCIC (National Collection of Type Cultures) 322k,
Cohofmonnid NCIC 231 Ceflovidum NCTC 764  C.oyis NCOTC 3450

- Codiphtherine NCTC 3985 C.pyogenes NCTC 6448  Cexerosis NCTC 7245
, and NCWC 9755,

Cerenale NCTC 7448 Ceuleersns NCTC 7910
Miorobacterium lacticun NCIB (National Collection of Industrial
Bacterin) 85,0 and 8544,
Maintenance of stock cultures
Stock cultures were kept on Loeffler's serum slopes (Oxoid) in
serewmcapped & oz ('bﬁ..jou) bottles, incubated For 2 days at 37°C after

inococulation, and subsequently kept refrigerated. The stock culbures



vere subeultured once every 20 weeks on to tryptose seruvn agar plates
and each fresh stock culiurs prepared by inoculating Loeffler's serum
glopes with a wire loop which had been charged with becteris from &
large number of colonies in order to avoid the inadvertent selection
of mutants.

Diggussion of the results of the exemination of the bovine mill somples
In 91 of the 389 samples diognosed (on the basis of cell count) as

originating from quarters with a subclinical mestitis C.bovis was the
only organism isclated. In only 8 of the 52 cases of clinical mastitis
found in the 1,334 somples was Streptococcus isolated. Staphylococold
were igolatod from 29 of the 52 samples, but this inecluded both
staphylococcus aureus and Stepb.epidermidis which were not diffcrentiated.
Corynebacteria, however, were isolated from 38 of the 52 samples and were
the sole orgenisms dsolated from 135 of the quarters with clinical
mastitis. In some of these samples the corynebacteris were detected in
numbers exceeding 50,000 per ml (the meximum count it was possible to
distinguish by a surxface counting method in which 0,01 ml was spread

over one querter of an sgar pliate). These results would suggest that
Cebovis is capoble of causing ¢linleal mastltis, as well as causing
subclinicel mastitis. PFor many years the majority opinion was that C.bovis
was o hormless parasite in the normal udder but the apparently increasing
frequency with which it is being isolated as the sole orgenism from
udders in vhich clinical mastitis is manifest has occasioned its inclusion
amongst the mastitis-cousing organisms (Cobb and Valley, 19623 Vilson,
19603 Report, 1965). The resulits obbtained in the present work suggest

that in the ebsence of a more profound knowledge of the causality in



Ay
which mastitis and the proliferation of the udder flora are inter-related
factors C.bovis should be regerded as o potential mestitis orgenism, in
addition to the possibility of its belng the primery infective organism
in dnciplent mastitis. In this case ila ocourrence in 847 of the 1,33
qgarter-samplem, together with the presence of staphylococei and/or
streptococcl in 259 quarters in which coryncbacterle were not detected
meons that at least 1,106 of the 1,33 samples (82,9%) contained

potentieally pathogenic orgoanisms,.



dntroduotion
The microscopleal appearance of Corynebacteriwm hovis is typical

of the genus Corymebacterium described by Breed, Murray ond Smith
(1957) as consisting of straight to slightly curved noun~sporing rods,
vith irregulerliy stained segments, and sometimes containing granules.
Club=-shaped swollen ends ocour frequently, and snapping division
produces anguler and palisade avrangements of {the cells. The organlsms
are Gromepositive but may occagionally stain Oram-negative with Grome
vositive granules. The pize 1g ganerm@ly 0.5 to 0.7}¢‘by 2.5 to 3.0TL.

The cultural characteristics of C.bovis, the best of the early
desoriptions of which were by Lvans (1916) and Bendixen (1933), include
gn enhancenent of growth by the addition of serum to the medium. The
colonies are non-pigmented and greyish on serum agar but both Evans and
Bendixen noted that in old cultures that had been incubated for a week
or so there was o derk brown dizcoloration of the serum ager, If
growth ocourred in nutrient agar, nutrient broth or nutrient gelatin
to which serum had not been added, it wes extremely sparse and that
only with massive incoula. Both workers also noted the very
characteristic growith obteined in ager shake cultures in which growth
occurred in o zone about 1 mm thick between 3 and 6 mm below the
surface.

At en early stagoe in the present work the cultural cheracteristics

of the isolates werc studied in detail since it was felt that the



reported biochemical inactivity could be due to the basal medis used
by previous workers offering less than optimum conditions for growth

of the arganiams.



HMaberdals end methods

The growbth of the astook cultures was studled on the medla detailed
below, by inoculating from LOwhour tryptose seruwm ogear ocultures.  Solid
media were inoculated by streaking on to poured drled plutes excepb
where otherwise stated.

Nutrient broth

Peptone 10.0 g LoheLemco beef ;extmct. (Oxold) 10.0 g
Sodium chloride 10.0 g Digtilled water 1 litre
The reaction of the wedium woas adjusted to pH 7.2. The medium wes
then distributed in 2.5 ml emounbs in L x % inch test tubes and
sterilized by autoclaving at 121°C for 15 minutes.
Peptone walor

In 1 litre of distilled woter were dissolved tryptone (Oxoid),
10.0 g3 sodium chloride, 5.0 g; the pH was adjusted to 7.2. The mediun
was dispensod in 2.5 ml amounts in 4 x 7 inch test tubes and sterilized
by autoclaving at 121 % for 15 minutes.

Ponmede broth

This consisted of Panmede liver digest (Paines & Byrne Litd.,
Greenford, Middlesex), 0.8% (w/v) in distilled water, adjusted to pH
7e5. Sterilization was by filtration, and the sterile broth dispenssd
asep'éically in 2.5 ml amounts in screw~capped # oz (bijou) bottles.
The cops were serewed on tightly and the bottles lmmersed in a water
bath at 63°C for 30 minmtes.

Ponmede albunin broth

This was prepared by the aseptlo addition of 0.28 ml of a



filter~sterilized 3% {(w/v) albumin (bovine serum albumin fraction V,
Armour Pharmaceutical Co. Itd., Bastbourne) solution to each 2.5 ml
amount of Panmede broth, to give a final concentration of albumin of
0457 (wi/v)a
Panmedoe slucose broth

To pach 2.5 ml amount of Panmede broth was added 0,20 ml of a
sterile 10% (w/v¥) glucose solution, to give & final concenbration of
glucose of 1% (w/v).

Paymode veast extract broih

This was prepered by the aseptic addléion of 0.28 ml of a {ilber-
sterilised 5% (w/v) yeast extract (Oxoid) solubion to each 2.5 wl
amount of Pgonmede broth, to give a final concentration of yeast extract
of 0.5% (w/v)s
Tryptose serun broth
Ppyptose (Oxoid) 10.0 g LabwLomeo beef exiract (Oxoid) 3.0 g
Sodium chloride 5.0 g Distilled water 1 litre
The pH was adjusted to 7.2. The medium was dispensed in 2 ml amounts
in k x % inch beat tubes, and sterilized at 121°C for 15 ninutea,

After sborilizotion and when cool, sterile bovine serum (Oxoid) wes
added aseptically to a Ffinal concentration of 5% (v/¥).
Butrient seax

Mutrient agar congisted of nubrient broth to which was added 15.0 g

of agar per litre of broth.

Tryplose lemco apar
The medium used was Tryptose Blood Agar Base (Oxold), sterilized

LY



by awtoclaving ot 121 % for 15 minubes,
Blood apor

Oxeleted horse blood (Burroughs Wellcome and Co., London) was
added eseptically to Tryptose Blood Ager Base (Uxoid), previously
melted and cooled to 45°C, o o final concentration of 5% (v/Av).
Blood osax o+ sodium polyengthol sulphonate

von Hoebler and Miles (1938) suggested the addition of 0.05% of
sodive polysaethol sulphonate (M"liquold") to hloodecontaining media
uged for the growbth of fastidious pathogens to counteract the
bactericidal activily of the blood. A stoek 2% solution of sodium
polyanethol sulphonate (Koch~Light Laboratories, Colnbrook, Bucks.)
was prepared in dlstilled weter and sterilized by filiration. o
100 ml of mollen Trypiose Dlood Agar Bose {(Oxodd) cooled to &SOC, 5 ml
of sterile oxelated equine blood {(Burroughs Wellcomo and Co,) and 2 ml
of the sterile sodium polyanethol solution were added aseptically,
thoroughly mixed end plates poured.

Bovine geixum agar, calf serum ager and horge serum apop

These wore prepored in o manner similer to blood agar, by
substituting sborile bovine serum (Oxold), sterile calf serwn (Oxoid),
or sterile horse serum (Oxoid) for the oxaleded horse blood.

Skim milk apgar

The skim wmilk was prepared by reconstituting skimemilk powder
(0x0id) which wes sterilized by steaming for 30 minutos on 3 sucoessive
days. This was then added to Tryptose Blood Agoar Bese (Oxoid) which

had been meltod and cooled to 50°C, to give o Pinul concentration of



reconstituted slkim milk of 5% (v/v).
Glugose amor and glucose serun asor

Flucoso ager wes prepaved by dissolving 1.0 g of glucose in 100 ml
of molten Tryptgsa Blood Agar Base (Oxoid), and sberilizing the medium
by autoolaving et 11500 for 15 minutes. Glucose sorum agar was
prepared by adding asepticelly sterile bovine serum (Oxoid) to molten
glucose agar ot 45°C, to a Pinel concentration of 5% (v/v). .Tn
addition to poured plates, the glucose serum agar was also used to
prepare sheke culbures, the medium belng dispensed in 10 ml amounts in
6 x & inch test tubes. The inoculun was odded to a ftube of mollen
gterile medium atb ASQC, mixed thoroughly (avoiding the inelusion of
air bubbles) end the medium allowed to solidify with the tube in the
upright position.
Choxconl onox

Po 100 ml of Tryptose Blood Agar Base (Oxold), O g of purificd
sobivebed charcoal (0x0id) was added with thorough mixing, The medium
wes sterilized by autoclaving at 121°C for 15 minutes.
Butber=fat agar |

The bubtter-{at was prepared Lfrom unselted bubtcr by melbing the
butter at 5006, the butter-fat then being removed from the curds and
digtributed into sorevecapped 1 oz bottles in 10 ml amounts.
Sterilization was effested by autoolaving ot 124°C for 15 minutes.
The medilum was prepared by adding asepticelly 5 ml of molben gterile.
bubter~fat to 100 ml of molten Tryptose Plood Ager Base (Ozold), and
emulaifying by vigorous hand-shaking immediately before pouvring the

plates,



This waa prepered by edding 1 g of sodium chloride per 100 ml
of Tryptose Plood Agar Bese (Oxoid) before sterilization by auboclaving
at 121°C for 15 mimutes. After sterilization the medium was cooled to
15-50%C ond 10 wl of Concentrated Tggeyolk Fmulsion (Oxoid) were added
asepbicelly o, and mixed with, cach 100 ml of medium ilumediately
before pouring the plates. The mediuvm was also prepared withoub
sodiun chloride,
Looffler's serum slopes

Ready=prepored Loeffler's serum slopes (Oxoid) in screw=capped
1 oz (biljouw) bottles wore used,

Ineubation of eultures in a carbon dioxlde~gnriched atmosphere

In addition to the above culiures which were incubated aerobically,
cultures inoculated on tryptose lemco agar, bovine serum ager, glucose
ager, charcoal agar, epg~yolk agar, and bubber-fat ocgor were also
ineubated in air with an inereased carbon dioxide content. The
inoculabed plotes were placed in "half-size"” biscult tins (dimensions
approximately 9 x 8% x 5 inches) which had beon mede airtight by
sealing the seams with a gesling compound. The carbon dloxide was
generated by adding 1.2 g of marble chips to 15 ml of 2N hydrochloric
agid contained in o glass bottle, to give a carbon dloxide concentration
of between 46 and 5.9%. The 1id of the tin wes then immediately
replaced and sealed on.

Survivel st 72°C

Heat rosistance tests of a qualitative nature were carried out by

fen



the method of Abd=el~Melek and Gibson (1948). A heavy inoculum from

a 3 doy serum ager culture was placed in & 6 x i inch test tube
contoining 5 ml of sterile reconstituted skim milk (Oxoid) that had
previously been sterilized by autoclaving at 124°¢ for 5 minutes

followed by steaming Lor 30 minutos on sach of two consecutive days.

Core was token In the inoculation off the skim milk to avoid contaminating
the aide of the tube with the culture or welting it with the milk. The
inoculum and the skim milk were well mixed and a loopful removed and
atregaked on the surfoce of a plate of eggeyolk agar,

The inoculated tubes and a control tube of skim milk into which
o themnomeler had been ingerted through the sottonwool plug were placed
in a thermostatically conbtrolled water bath fitted with o mechaniecal
shaker (menmufactured by A, Gallenkamp & Co. Ltd., London E.Ce2).

In order that the sempling could be carrled out ot regular 5
mimte intervals, the lmmersion of the tubes in the water bath was
sbaggered with 30 seconds being allowed between insertion of consecutive
tubes, the tube contoining the thermometer being the first tube to be
placed in the bath. The tubes were shsken at the slowest speed (gg, 2
oscillations per second),

Thirty seconds from the moment when the skim milk in the control
tube attained 72°C, o loopful of the first inoculoted skim milk to be
pleced in the water bath was removed from the tube ana‘streaked aCross
ege=yolk agar. The other tubes were similarly sampled at 30-second

intervals. These samples yepyesented a zero time heat resistance test



at ?206. This procedure was then repeated, sanmples being withdramm
from gach tube every five minutes uvp to o maximum of 35 minutes.

Lgge-yollk agar wos chosen as the recovery medium since 1t ig known
that »ich medis give the highest recovery retes in healb resistance
tests (Helson, 1943}, and ege~yoll agar allowed ab least as good growhh
of ‘the ovganisms a8 was obtalined on sorumn agoer without the bateh
vardebility that sometimea occurred with the letber medium,

The streaked plates of egg-yolk agor were incubated for 5 days

ot 5?00, with the exceplion of the plates cerrying Moerobacterium

Tockicun NCIB 8540 ond 8544 which were incubated at 30°C. After

incubation the amount of growth was assessed visually.
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Results
One hundred and twenty-seven of the 142 isolates corresponded

morphologically and culturally to C.bovis both by comparison with the
deseription in Bergey's Manuel (Preed gt al., 1957) and with the type
culture Cebovils NCIC 3224. This ldentificetion was confirmed by the
biochemical charécteristios of the isclates when these were compared
with those of C,bovig NCTC 322 (See Section D). Although Jayne-
Williems and Skermah (1966) over a 2 yeer period isoleted from bovine

udder quarters a number of orgonisms corresponding o C.ulcerans none

of the corynebacterias isolated in the present work appeared to be
identicel with C.ulcerens either culturally or bilochemically. Jayne-

Willienms and Skermen suggested that C.ulcerans could be mistakenly

identified as a cocous on primary isolation plates which usually
required 3 day incubation at 37°C for colonies of corynebacteria to
become visible. This seems to be an unlikely explanation for the

failure in the present work to lzolate strains of C.ulcerans since firstly

mony colonies on the primary isolation plates conslsting of orgelisiis
showing staphylococcal or streptococcel morphology were subculbtured, and
none subsequently exhibited a coryncbacterial morphology, and secondly
microscopic examination of cultures of C.ulcerans NCTC 7910 that had been
incubated for 4 days at 3700 reéealaa coccobacilli and short rods that
were considered to be typical of forynebacterium and not capsble of being
mistalen for coccl.

Of the remaining 15 isolates, eight (strains 7, 17, 39, 46, 47, 48,

49 and 50) were tentatively identified as Nocerdia on the basis of



morphotogical and cultural characteristics, although no further
identification was attempted. Seven of these 8 nocardice had been
isolated from milk samples obtained from the same farm, end {these proved
to be ddentical in all their cultural characteristics and biochemicel
reactions. Five strains (12, 13, 14, 15 and 33) of the 15 isolates
vesernbled Microbacterium, and these 5 strains also originated from milk
semples obtained from a single farm. The remeining 2 strains (103 and
154.) of these 15 isolates were possibly Corynebacterium but they did

not correspond with any of the type cultures examined.

The 127 strains of C.bovis proved to be incapable of growth on
nubtrient broth or peptone water. They failed to grow in Panmede broth
either without supplementation or with the addition of albumin, yeast
extract or glucose., Similarly no growth was obitained on nutrient agar,
tryptose lemeco ager, glucose agar, charcoal agar or skimemilk agar. Only
moderaté growth was obtained on blood agar or blood ager contsining
sodium polyanethol sulphonate but moderate to profuse growth occurred
on serum ager.

The variation in the amount of growth produced on media made from
different batches of serum of the same type was considerable, and as
great as the variation in growth observed on medio containing horse,
calf or bovine serum. Ixtremely good growth was obtained on egg~yolk
ggar and butter-fat ager without the variebility noticed in the case of
serum agars JIncubation in a cerbon dioxide~enriched atmosphere had no

appavent eff'ect.s The growth obtained in glucose serum agar shake

cultuves was exactly as described by ivans (1916) and Bendixen (1933),
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with the growth occurring in the top 5 mm of the medium, particularly
in a2 zone 1-2 mm thick which oceurred just beneath the surface of the

medium. The isolates of "nocardiae" and }Mlcrobacterium were also

obligately aerobic with the growth restricted to the top H mm of the
medium, but subsurface zone formation did not occur. These isolates
also differed from the C.bovis isolates in their growth on the other
medie. The nocardial isoiatea grow very well in nutrient broth,
peptone water, the Penmede broths (with best growth in Panmede glucose
broth) and tryptose serum broth with the formation of o pellicle and
granular sediment. They gave good growth on nutrient agar, tryptose
lemco agay, charcoal agar, glucose ager, and epg-yollt ager, but they
grew only moderately well on butter~fat agar; incubation in a carbon
dioxide-enriched atmosphere had no apparent effect. In contrast the

isolates of Mlorobacterium grew in nutrient broth, peptone weter, the

Ponmede broths and tryptose serum broth with the development of a non
granuler sediment and with no pellicle formstion. They gave moderate
growth on nutrient agor and tryptose lemco agar, the addition of
glucose increasing the amount of growthe Good growth was obtained on
sorun ager, butter-fot agar end egg~yolk sgar, and there was little
growth on charcoal agar. Incubation in a carbon dioxide-enriched
atmosphere gave somewhat better growth than that obtained in alr.

A1) isolates gave good growth on Loeffler's serum slopes. ‘The
optimum temperature of all isolates appeared to be 37°C.

The colonial appearances of all the isolates of C,bovis were very

gimilar. On serum agar the colonles were greyish-white, matt, and of

& crumbly consistency. The dark brown discoloration of serum sgar



observed by Evens (1916) and Bendixen (1933) ‘to oceur in old cultures
vas occasionally noticed bult proved to be an inconstant characteristic,.
The growth on egg=yoik agar and Loeffler's serum slopes was more creams
colourced. A more positive plgmentation ocecurred on butter«fat agar,
the growth being white, cream or yellow dﬁpen&ing'on the strain. This
pignentation was found during the investligation of the biochemical
characteristios of the organisms to be correlated with the ability of
the organisms to hydrolyse the butter-fat,

Growth of the three isolates from equine milk ond the single isolate
from humen milk was very sparse on all the media described irrespective
of enrichment by corbon dioxide or of the incubation temperasture., The
use of stab cnltures and shake cullures revealed no mioeroasrophilic
tendency. Subculture of two of the equine diphtherolds and the human
diphtheroid very soon failed.

The optimum tempersture for growth of the type cultures of
Corynebaeterium was bétween 30 and 37°C inclusive., The type oultures
of Microbocterium lacticum grew peorly at 37°C, although this was
dependent upon the medium used, eand the optimunm tempersture for growth
was Cde 30%.

The type cultures of U.flavidum, C.ovis, C.diphtheriae, Ce.xerosis,
Cerenale, C,ulcerans and Miarabaeteggum daoticum grew well on a
nutrient ager (Oxoid Tryptose Blood Agar Base) without the addition of

blood, serum, egg~yolk or Tween. The type cultures of C.hofmennii,

C.bowis and C.pvogenes grew poorly or not at all on nutrient media such
&8 Tryptosc Blood Agar Base, and the addition of serwn was necossary

for good growth to be obtained. Corynebacterium hofmennii and Cebovis



vere also able to grow on vavious Tween agars snd egg-yvolk ager (sece
Mppendix to Section D), but C.pyopenes grew only spsrsely on the Tween
agers and egg~yolk agar, The growth charscteristics of the type
cultures were similox when the plates were incubated in an atmosphore
containing sbout 5% of carbon dioxide, with the exception of

Microbacteriun laclioum NCIB 8540 and 8541, which were unable to grow

on Tryptose Blood Ager Base under these conditions except when serum
or egg~yolk was added. Both strains of M.lsacticum also tended to be
inhibited on charcoal agar, whereas the other type cultures were
uneifected hy the additlon of charcoal to the bassl medium,

Microbacterium lacticum NCIB 8540 was eble to suxvive for 35

minutes or more av 7200 as gssessed by the qualitative method of Abd-
ol=Malel and Gibson (1948). The other type culture strain of
Y.tacticum, NCIB 8541, survived for 10 minutes &t 72°C with very few
colonies growing from the samplés taken af'ter 15, 20, 25 and 30
minutes, no viable organisms being deteclted after 35 winules exposure.
The microbacterial isolates (strains 12, 13, 14, 15 and 33) survived
15 minutes at 7200, but no viable orgenisms were detected after
exposure for periods longer than 15 minutes. No other isolates or type
cultures survived exposure at o temperature of 7206, with the exceplion
of a few strains of the C.bovis isolates (for example, strain 159)

which produced one or two colonies only after 5 minutes ot 72%¢.

rde}
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Digcussion and conclusions

In the primary isolation of the 127 strains of (.bovis, milk
samples were plated both on blood agar end on serum ager. Numbers and
| types of isolates obtalned on these two media were very similar, and
the colony size of the corynebacteris on primary isolation was not
significently different on the two medie, Nevertheless when pure
cultures of the isolates wére streeked on to blood agar and serum agar,
the growth on serum agar was substentially better then that obtained
on blood agar. The most likely explanation fbr these results is that
blood agar 1s somewhat inhibitory toward C.bovis but the organism is
protected during the primary isolation by being present on the surface
of the medium in & stresk of milk, the protection perhaps being afforded
by milk-fat globules. The bactericidal action of blood has been long
recognized, von Haebler and Miles (1938) finding that the addition of
the anticoogulant sodium polyanethol sulphonate to blood-containing
media enhanced the growth of Diplococcus pneumoniae and Brucella
melitensis. The addition of the sodium polyenethol sulphonate to blood
ager did not enhance the growth of any of tho coxynebacteria examined,
in the present work,

The growth of the C.bovlis isolates on serum agar, together with
the complete sbsence of growth on nutrient agar or tryptose lemco ager
except when very heavy inocula were used, suggested that C.bovis has o
nutritional reqguirement thet is satisfied by the addition of serum to
the medium. Vhatever this nutritional requirement might be it would

also appear to be satisfdied by the addition of egg~yolk emulsion or



butter«fat to the medium. There is, hovever, an alternative explanation:
that the serum, egg-yolk or butter-fat ié rendering inactive some
bactericidal or bacteriostatic compound already present in the basal
nedium. Several instances of this type of action have been reported

for a veriety of micro-organisms, including Corynebgcterium. For
example, Kodicek (1949) has described the bacteriostatic effect of
unsatur&ted fatty acids on Gram-positive baocterie, noting that this
bacteriostatic action can be prevented by the addition of a surface
asctive agent such as leoithin. Hutner (1942) described the inhibition

of Erysipelothrix and Listeria by oleic acid which nevertheless became

non=inhibitory in the presence of 0,3%saponin. In this case Hutner

found that the serum requirement of Lrysipelothrix rhusiopathlae was

satisfied by addition of oleio acid to the medium provided that the
oleie acid was rendered non-inhibitory by saponin. Other compounds
that have been found effective in detoxifiying fatty acids include
albumin (Davis and Dubos, 1947; Johnson and Gary, 1963), Tween 40
(Williams, Broquist and Snell, 1947) end activated charcoal (Pollock,
Wainwright and Manson, 4949). It has been shown that ordinery nutrient
medlia may contain sufficient free fatty acid to exert an inhibitory
effect upon certain very sensitive orgenisms, the fatty acids being
derived either from the meat extract or the peptone (Pollock @t al, 1949),
from agar (Pollock, 1949) or from heat sterilizetion of the media in
containers plugged with cotton wool (Pollock, 1949; Hart, Lowelock and
Nash, 1962). The inability of the C.bovis iscolates to grow in Panmede

albumin broth or on a tryptose lemco agar containing 0.4% activated



charcoal suggeststhat in this ocase the serum,egg-yollk or butter-fat

is actually satisfying a nutritional requirement. This of course does
not necessarily rule out the possibility that the nutritional
requirement is for a folty acid, if the fabty acid is required in
concentrations greater than the asmounts found in anutrient égar, tryptose
~lemco agar snd similar media. TFor example, Silliker, Deibel and Fagan
(1963) have reported isolating coryncbacterie that require unsaturated
fatty acid (as oleate) in concentrations possibly as high as 0.5%.

The use of empirical media in nutritional studies makesz it extremely
difficult to determine the true requirements of an orgsuvism, snd in order
to study the possible reasons for the requirement of (.bovis for serum,
egg~yolk or butter=-fat, an investigation was underteken into the growth
of two typical isolates in chemically defined medis (see Section E).

The absence of any effect on the growth of C.bovis by a carbon
dloxide~enriched atmosphere is interesting since freshly drawn bovine
milk contains approximately 6.6 ml of dissolved carbon dioxide per 100
ml of milk, measured at 0°¢ and 760 mm Hg pressure (Ling, Kon and Porter,
1961), Nevertheless these resulits do not exelude the possibility that
the high carbon dioxide content of milk is important in establishing
Cebovig in the udder, since some bacteria, although not possessing o
continuing requirement for carbon dioxidg require its presence in order
to grow from smell inocula (Woods and Foster, 196L).

In view of the heat resistaence of the five strains 12, 13, 14, 15

and 33, together with their close resemblance both morphologically and



culturally to the type cultures of Microbscterium ecxamined, these

orgenisms are bentatively identifiled as Microbacterium, although they

differed in having sn optimum growth tempereture around 3700, whereas
the cultures of M.lacticum NCIB 8540 and 8541 had optimum tempersiures
for growbth of 3000 end. usually grew poorly, if at all, at 3700. Thonas
and. Thomas (1955) observed that very few strains of Microbacterium were

able to form readily visible colonles within 48 hours at 3?°G.
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BLOCHEMICAL, REACTTONS

Introduction

Since EBvans (1916) reported that Bagillus gborius ver. linolyticus
had no effect on gelatin, nitrate, urea or asparsgine, and did not
attack carbohydrates and related compounds, numerous workers have
similarly reported Corypehacterium bovis to be relatively biochemically
insctive (see for oxowple, Bendixen, 19333 Ochi end Zalzen, 19403 Black
19413 Breuillaud end Michel, 1962). The only positive biochemical
reactions noted by these workers concerned the action of C.bovis on
milks it appeared to produce an alkeline reaction in litmus skim milk
(probably due to the production of ammonia from proteins or amino
acids), but produced ascid from milk fat and caused rancidity. The
reaction in litmus milk thus depended upon vhether the medium used was
litmus whole mill, when acid production and rencidity in the cream layer
was reported (Evans, 19163 Bendixen, 1933) or Litmus skim millk, when an
alkaline reaction was noted (Breed.g&_gg” 1957). Cobb (1963) however,
has reported an alksline resction in litmus whole milk, Although it
had beon reporited that C.bovis could cause rancidity in cream (Zvans,
19163 Bendixen, 1933; Black 1941) the only evidence for lipolytic activity
obtained using biochemical test medls was the observation by Black (1941)
thet C.bovis was weakly lipolytie vhen tested on iributyrin ager.

In view of the cultural requirements of C.bovis, it scemed possible
that the biochemical inactivity resulted from the inability of the
organism to grow in the basal media used, and therefore in the present

work the biochemlecal reactions of the isolates were examined using
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serun~containing media whenever possible.



Materiols and Methods

Before inoculation, the biochemical test media were lincubated for
48 hours at 5700 followed by 48 hours at 25°G to detect and eliminate
any tubes or plates that were contaminated.

Cultures were propared for biochemical tests by streaking on
plates of hovine serum agor and incubating for 2 days at 37°G (with the

exception of the type cultures of Microbacterium lacticum which were

incubated at 3000;).Inecula were obtained by taking a surface smeer of
a large number of colonies, to ensure that isolated mutants were not
obtained in pure culture. Inoculated test media waré usually incubated
at 37°C except in the case of type cultures of i, dacticum which were
incubated at 5000, or 30°an& 3708;

It was not possible to study many of the resotions of the three
isolates from equine millk and the one isolate from human milk, as a
result of the failure to define the cultural condltions required for
other then minimal growth.

Breakdown of carbohydrates

The basal medlum usod was Hiss's serum water prepared as described
by Cruickshank (1960). One part of sterile bovine serum (Ozoid) was
mixed with 3 perts of distilled water, and 20 ml of a 0.2% (w/¥v)
solution of phenol red (éee Below) was added to each 400 ml of medium.
The medium was adjusted to pH 7.6, distributed in 2.5 ml amounts in
serew-capped + oz. (bijou) bottles and sterilized by steaming for 20
minutes on 3 successive days. The appropriste sterile carbohydrate

solution (107 w/v) was added asepticelly to the sterile basel medium



to give a final concentration of 1%. The stock solutions of
carbohydrates and polyhydric alcohols etc. were sterilized by
filtration through Carlson=Ford asbestos filters, Grade EKS (Carlson-
Ford Seles Ltd., Ashton=under-Iyme, Lancs).
Phenol red solution

Phenol red (1.0 g) was dissolved in 28.4 nl of 0.1% sodium
hydroxide with very gentle heating. Distilled walter was added to
approximately 400 ml then 28.4 ml of 0,1N hydrochloric acid were added.
The solution was made up to 500 ml with distilled water and filtered
before use. |

The substrates used were:
Honogaccharide pentoses - arabinos‘e, Xylose.
Monogageharide hexoses = fructose, galactose, glucose, mennose.

igaccharide hexoses - lactose, maltose, sucrose.

WEDY TR S MR R BAGE MO Aded MM e

Trissocharide | -~ raffinose.
Irihydric alcohol - glycerol .
Pentahydric aleohol - adonitol .

Hexahydrio aleohols « duleitol, manmitol, sorbitol.
Glucoside - salicin,
Hydroxypolymethylene - inositol.

After incculetion the screw caps were left slightly loose for 2L
hours ond then tightly closed, since Marcus & Greaves (1950) and
Hayward (1957) noted the development of positive results in tightly
c¢losed bottles and tubes although loosely closed hotiles and tubes

exhibited no such reaction. The cultures were incubated at 37 °c or



3000 and. examined daily for 6 days ond then freguently for up to 8

weeks, The approximete pH of cultures was determined indirectly by
visual comparison with control Hiss's serum wabers adjusted in the pH
range 4.8 = 8,0 as indicated by a Pye pH meter (W.G. Pye & Co. Lid.,
Cambridge). Controls consisted of each strain incculebed into Hiss's
serun woter without fermentable subsirate, and a full set of uninocculated
media incubated for 5 weeks al 3700.

Hydrolysis of sharceh

The basal medium, Hiss's serun water (sce sbove) was distributed
in 2.5 ml amounts in sorewecapped % oz (bijou) bottles and sterilized
by steaming for 20 minutes on each of 3% successive days. To each
botitle of medium was added aseptically 0.5 wl of & sterile 5% (w/v)
solution of soluble starch. The inoculeted starch serum waters were
inoubated st 37°C (or 3°%C) and examined for the production of acid
daily for 6 days and frequently for up to 8 woeks.

In addition plates of starch agar were inoculated and incubated
et 37°C (or 30°C) for 2, 5 ond 9 deys ond exemined For the hydrolysis
of sterch by flooding the plates wit: iodive solution. The plates were
prepered by overlaying 10 ml of Tryptose Blood Agnr Base (Oxoid) with
5 ml of starch agor {(consisting of Tryptose Blood Ager Base with the
addition of 1% sterch).

Indole test

The medium, caslione tryptose serum broth, consisting of Bactoe
Casitone (Difco), 5.0 g; tryptose (Oxoid), 5.0 g; Lab=Lemco beef
axtract (Oxoid), 3.0 g; sodium chloride, 5.0 g; distilled water, 1



litre; pH 723 was dlstribubted In 25 ml amounts in 100 ml Erlemmeyer
Llasks to present a lerge surfece area o the alr singe indole is best
Pormed wnder aerobic conditions (Wilson end Miles, 1955). Sterilization
was by avtoclaving at 124%¢ for 15 minutes. Sterile bovine serum
(Ox03id) was added aseptically afber sterilization to a final
concentration of 4% (v/v). Aftor incubation for 5 and 10 days at 37°C
the cultures were tested for the production of indole using Kovacs's
indole test reagent (Report, 1958). A positive control, using Bacillus
garous, and o negetlve (wninoculated) control were slso incubated and
examined.
Production of hvdrogen sulphide

The cultures were grown in cesitone tryptose serum broth (see
above) in 25 ml amounts in 100 md Erlenmeyer £lasks, and in 10 ml
omounts in 6 x 4 inch test-tubes, with sterdle lesd acolote paper
(Clerke, 1953) inserted into the neck of each flask or tube before
dncubation, Culiures were incubated for 21 days at 3700 and exemined
frequently. Hydrogen sulphide was indicated by blackening of the ledd
scetete paper. Negotlve reactors et the end of this period were
conffirmed by addinmg hydrochloric soid to esch culture Lo liberate any
dissolved swlphide, as desoribed by Skerman (1959). Positive controls,
using Proteus and Bagillus gcercus, ond a negative (uninoculated)
control were also inocubated and exemined.
Yroduction of ammonis from peplone or serum

The orgenisms were grown in cassitone tryplose serum broth (see

above) in 25 ml emounts in 100 ml Frlenmeyer flasks and in 10 ml
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amounts in 6 x ¢ test- tubes. Afbter incubation for 5, 10 and 18 days
at 37°C two drops of oculture medium were removed and mixed on &
porcelain tile with 1 drop of Nesaler's veagent. The production of
emmonin was indicated by the rapld development of an orange or brick
red colour, Positive controls, using Profeus and Baelllus cersus and
a negative (uninoculated) control were set up end exomined.

Reduction of nitrate

Witrate serum broth consisting of: peptone (Oxoid), 10.0 g3
sodiuvm chloride, 5.0 g3 pobtassium nitrate (snelybicel resgent grade),
1.0 g3 disgbilled wateyr, 1 1itres pi 7.3 wes dispensed in test tubes
with inverted Durhem tubes, and sberilized by auboclaving at 121°¢ for
15 mwinutes. Alter sterdlization, sterile bovine serum was added
aseptically, to a final concentration of 4% (v/v). After inoculation
the éultur@a ware incubated at 37°C for 12 and 18 deys and the presence
of nitrite was detected Ly the addition of Griess-Lloavay's reagentis,
reductlion of nitrete to nlirogen being detected by mesns of the Durham
tubes. Uegative reactors were confirmed by the Durther addition of
zine dust to reduce any nitrate present (Wilson & Miles, 1965). 4
positive control, using Pseudomonas, and a negative (uninoculated)
control were also incubated and examined,
Ureage production

The method of Christensen (1946) was smployed, the medium consisting
of Urce Broth Base (Oxoid) dispensed in 5 ml amounts in 6 % & test-tubes.
Mter steriliszation by autoclaving at 121%C for 15 minutes and cooling,
0¢2 ml of storile bovine serum and 0.25 ml of a sterile 40% solubion of

urea were asgseptically added to cach tube, Iach strain was inoculsted
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into o tube of ures broth and a control tube of the besal medium
containing serum but no ures. The incoulated tubea were incubsted ot
37“3 for up to 22 days with Lfrequent exawinstlon for positive reactors,
which were indicated by a change in enlour of the urea broth from stpaw
to pinlk, with no similar change occurring in the control tuhe., A
positive econtrol, using Proteus, and o negative (uninoculated) control.
were eloo incuvbated snd examined,
Liguefection of selatin

The liquefeotion of g&laﬁin was tested for by the use of " both
nubrient gelatin and gelotin~charcoal discs.
(a) Nubtrient gelatin

The mediun consisted of i Labe-Lemeo beef extract (Oxoid), 10.0 g
peptone (Oxoid) 10,0 g3 gelotin, 10,0 g3 sodium chloride, 5.0 g3
dlotilled water, 1 litre; pH 7.2, Steriliszation was by steaming Lfor
20 minutes on each of 3 conseoutive days. Afber sterilization, sterile
bovine serum wes added asepticelly to o final concentration of 3% (v/v).
The medivm wes stob-incculated and incubeted at 37°C, liquefaotion of
gelatin being detected after incubatlion by cooling the tubes in doced
water., In addition a further two sets of inoculated nutrient serum
gelatins were incubated at 2500, one set an steb oultures and the
other set prepered as slants and surface streskaed, Positive and
negotive controls were set up, using Pgeudomonas, Proteusg and Baeillus
gereus as the positive controls.
(b) Chargogleselatin dises

Tn this method for detecting the liquefaction of gelatin, first
deseribed by Kohn (1953), discs of formslin-denatured geletin containing
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finely powdered charcoal are added to the nutrient medium in whioh the
orgonisms are to be grown. The denatured gelatin will not melt when
kept at 5700 for normal incubation perlods, but it is atill capable
of being liquefied as a result of enzyme activity.

The basal medium consisted of Nutrient Broth No,2 (0Oxoid)
distributed 1n % ml amounts in 4 x % dnch test tubes and sterilized
by sutoolaving at 121°C Por 15 minutes. Sterile bovine serum (Oxoid)
was added aseptically to o finel concentration of 5% (v/v). One
sterilo Chavcoal-Geletin Dise (Oxoid) was added aseptically to each
tube. The tubes wore heavily inoculated, incubated at 37°G and.
examined after 8 hours, 24 hours and daily for up to 5 days.
ilydrolysis of cnsein

Loyer plates were used, the basge layer congisting of Tryptose
Blood Agar Base (Uxoid) + 5% (v/v) of bovine serum, end the overlayer
congdsting of 5 ml of o mixmbure of 2 parits of 1d-strength Tryptose
Blood Ager Base and 1 part of storile reconstituted skim milk (Oxoid).
Tnoculated plates were incubated at 379 for up to 9 deays. Clear
zones which developed during incubatlon were regerded as prosumptive
evidence of oasein hydrolysis. JIn such casos confirmation was
obtained by {looding the plates with mercuric chloride solution.

Ligquefectlion of coagulated serum

Loeffler's Soreum Slopes (Oxoid prepared medium) in screwecapped
1 oz (bijou) bobtles were used. APter inoouwlation, the botiles were
incubatoed ot 3?90, with the sorew caps slightly loosened, for 7 days.

Froteolysis was dotected by the production of colonies surrounded by
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craters of liguefied medium, Liquefaction was preceded by the dovelop~
ment of trenslucency of the cosgulated serum immedietely surrounding
the colonies.

Rosotion in litmus skim milk

“he medium consisted of Skim Milk Powder (Ozoid) reconstituted
with distilled water to which was edded sufficient 4% litmus solution
(British Dyug Houses Libd.) to give a pale mauve colour. It was
dispensed in 10 ml amounts in sorews~capped 1 oz bottles end sterlilized
by suteclaving at 121 % for 5 minutes Pollowed by stoaming for 30
minubes on each of the two following days. After inoculation
incubation was carried out with the sorew cops slightly loosened,
for 8 weeks ot 37°C.

Bopeyoll ooop

The basal medium was Tryptose Blood Ager Bese {Oxoid) 4o which
soddum chloride had boen added, beforae sterilization to raise the
£inal salt congentration to 1% (w/v). Ten ml of sterile Concentrated
Ligg Yolk Emulsion (Oxoid) were mixed with coch 100 nll of molten
storile basal medium cooled to 50°C, and plates poured, Aftor
inoculabion the plates were incubated ab 37°C Por 5 days.

Egpeyolle broth

The hasal medium consisbted of Nuirient Broth No.2 (Oxoid) to which
a fuprther 1% (w/v) of sodium chloride had been added before
gtordilization, It was dispensed in 5 ml amounte in 6 x § inoh test
tubes gnd sterilized by autoclaving for 20 minutes at 121°%c,  After

‘sherilizetion 0,25 ml of sterile Concentrated fgg Yolk Dmulsion (Ozoid)



was added asepbically to each tube. The inooulated tubes were
incubated at §?QG for three wecks, and were exemined daily for the
fivst three doys and fraquenﬁly*thar@after.
§§§§&ﬁ§g production

The cultures were grown on egg-yolk agar plates for 3 days at
5?96. Afber Incubation 1 ml of 10 vols hydrogen peroxide solution
was poured over the surface of eoch plate, catalase production being
indicated by effervescence in the hydrogen peroxide solution over
the bacterial growth,

e FORE [ N— 1 R
Teibutyredn azar

fribubyrin Agar (Oxoid) was used with and without the addition
of 5% (v/v) of sterile bovine serum (Oxoid). The inocculated plates
were incubabed at 37°C, and were exomined for clesring deily for 6
days,

Tweon oear (Sierra, 1957)

The basel medium consisted of Tryptose Blood Agar Base {(Oxoid)
to which wes odded sterile Tween 20 {polyoxyethylene sorbitan
monclawrate), Tween 40 (polyoxyothylene sorbiten monopalmi%a%e),
Toeen 60 (polyoxyethylens sorbiten manaatemraﬁe), oy Tween 80
(polyoxyethylene sorbiten mono-oleate), to a final consentration of
0.5% (v/v). The Tween was added to the molben basel medium at 50°C
Just before pouring the plates. Alber inoculation the plates wewe
incubated at 37°C for 9 days, being examined daily for the production
of zones of precipitebion pround the bacterial grow%h.

It was shown by the use of stock oulitures known to give positive
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roactions (Bseudomonas fluorescens, Alegligenes yiacolschis and

dehvomobaeter lacticum) that the addition of celeiwm chloride to the

bosal medium, which was rvecommended by Sierra, was nol necessary fop
well defined Zones of precipitation.
Bubtor-rfab eper (after Berry, 1944)

Butter-fob was prepared by melting wnsalbed butter ab 500(} and
seperating the fat fren the curds using a sepavebing fummel. The
butter-fat wos distribubed in 10 ml smounts in serew-capped 1 oz bottles
and. aterilized by auntoclaving at 121 % for 15 minutes.

The medium was prepared by adding aseptically 5 ml of molten
sterile butter«faot to 100 ml of molten sterile Uryptose Blood agar
Base (Oxo0id) at 5090, end emulsifying by vigorous hand-shaling
inmedietely before pouring the plates. The inoculated plates were
inoubated ot 37°C for 5 Gays. After incubation the amount of growth
and any plgmentation was noted and the plates were then flooded with
saturated copper sulphate solution and allowed to stond for 10 minutes.
The reagent was then polred off and the plates washed gently in
ruaning water for one hour to remove the excess copper sulphate.
Tipolysis of the butter«fat was indicated by bluishegrecn zones or
tho bacterial growth being coloured bluishegreen, due to the formation

of insoiuble copper solts of the fatty acid set free on lipolysis.

(Jones and Richards, 19523 Paton and Gibson, 1953).

Preparation of Victoria blue basg Uwo grams of powdered Victorie blue

(British Drug Houses Lid.) were boiled in 200 ml of distilled water
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until thoroughly dlspersed, Sodium hydroxide solution (10% w/v) was
added alowly with constent mixing untll the coloration dlseppeered.
The mixture was allowad to stend until the water-insoluble precipitate
(the bogic dye) had sebtled oub. The preoipitsoted basic dye wes
filtered off snd washed with Alstilled water made slightly alkaline
with ammonivm bydroxide. The dye was finelly dried atb E’;OOU,
Frepgrgtion of butber-fof and margering

Butter~Lfat was prepered as described for bubter~fat agor (see
chove), ond the margerine feb was similowly prepered.
Ergparation of dye/fob mixiure

One hundred grams of bubbor-fat or mexgeirdine were heated in a
corioal flesk with 100 ml of waler and a nuwber of glass beads. Vhen
the mixbure wes boiling, basie Vistorde blue powder was added slowly
with constart nixing until the fat waes ssbursted. This stoege wos
indicated by the fat being deep red with perticles of wndissolved dye
being present ot the botiom ¢of the flask. The mixbture was boiled
gently for o further 30 minutess The fab was sepevated from the bulk
of ‘the water end filtered overnight at 370(3. The Liltered fat was
separated from any ropidusl waber; dispensed in screw-capped 1 oz bottle
end asterilized by auboclaving al 121% for 15 ninutes.
Preparation of, the complete medium

The basal medium consisted of Tryptose Blood Ager Base (Oxoid)
in which the agsr conbent had been increased to 2% (w/v) and the
recotion of the mediwn adjusted to pH 7.8. This medium was dispensed
in 20 wl smounts in sowrew=capped 1 oz bottles and sterilized by

auboclaving at 121 QC for 15 minutes. One nl of the basic dye/fat
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mixture was added asepiicolly to each bettle of sterile molten medium
ot 4500. The mixture was emulsifiied by vigorous hand-shaking for one
minube and poured into a Petri dish.

The inoculataed plates were incubated at 5?00 for up to 9 days,
ond were examined daily for growth of the bacteris and for lLipolytic
éctiviﬁy a8 indicebted by the formation of deep blue gones around the

bacterial growth or by the bacterial growth being blue in colour.



Resulis
Breskdown of carbobydrates

The resctlons of the isclates and of the type culbures in Hiss's
perum waber conbeining cerbohydrates and similer substrates are
summerized in Tablesh, 5 and 6. The reactions of the isolates of
Corynebacteriwn bovis sre shown in Table 4, and the reactions of the
isoletes not corresponding to C.bovis are given in Toble 5. The
typical reactions of these isolates are summariged in Toble 6, with
the resctions of the type cultures alse being listed. It was
observed that fregquently reversals of pil occcurred, the medium first
turning acid end then after conbtinued incubatlon becoming slovly
alkaline. Many strains when inooculated into control serum wnters
containing no added substrate gave an alkeline reaction after prolonged
incubation probably due to the production of ammonis from amino acids,
ond this could easily explain the reversals in pH which occurred.
However, in & number of' cases double reversals of pi weres obgerved, ln
which the development of on acid reaction within sbout 7 days was
followed by & chenge to alkalinity, followed of"ter prolonged incubation
hy the development of an seid roaction once again. This type of
reaction was given by at least one strain in each of the substrates
wylose, mannited, rhamnose, arabinose, duleltol, raffinose, sorbitol,
adonitol, gelactose, maltose, fructose, mannose, glycerol, Some
strains (e.g. strains 59 end 72) produced this type of reaction in a
range of sugers, 3ince double reversals in pH were observed in such

a wide range of substrates, including the monosaecharide fructose, no
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TABLE &6: SUIGIARY OF ©HY BREAKDOVN OF CAPBOHYDRATES TN HISS'S SHRUM WATER

ACID PRODUCTION FROM:
o
o~
o @ o : <9
B B
sla |2l 22| 8|Sl 8/8|lg|2|3|2|2|2|2|4|%|=2¢
2181515 8 8|2 8|8|4|2|2|2|%|8|4]7|&8
S e - m & 23 o Sy <] - m & : o o
E|2|E| 3|4 13| 8|&|&|g|4|3 518|852
C.bovis isclates™ s | #|V@)] # |V 2| - VR - ||+ [TV 2 | 2| - | V)| =/
"Nocardisl" isolates¥ FEE IR IR R R R T 20 R U A U A U 2 A B B I
“Fierobacteriun ' isolates¥ L N R v| - V| -|7 | -] F|=-{=-]T |7 x| =~]|= |=~/0E
C.bovis NGIC 3224 * + % - * s iy - %> - + - by + * * - * I\Om.m
C.hofmannii NCEC 231 - - | % -] - - -z - - - - - - - - - -/08
C.flavidum NCTC 764 + - R S | + s |+ + - * - - - x - - - \ON
C.ovis NOTC 3450 + + +| + +| + - -1 % - - * - - - - - - ...\o,m
D.diphtheriae WCIC 3985 * - | # = + + -] + & - 3 - - - + - + ~/0H
Copyogenes WCTC 6448 - = | ] + |+ | +| + sl = ls|l =] === +]=- |-/o=
C.xerogis NCTC 7243 - - -| +] - | =+ - 2 3 - * - - - - - - -/0R
’ R , 8755 - + + + 2] - - - - + - * - - - - - - - /0N
C.renale NCTC 7448 - = 4| - | + + | =] -]l ==} -] =-1=-|-]-1]- |=/=
C.ulcerans NCTC 7940 N Y M I O S R I T U B B R B PV -
Herobecterium lacticum o
NCI3 8540 Wo wlm | | =] ] T m || |E |||t [-/u
- - - - 2 & - - -
- o . _
NCTB 851 30 wr |me | | i B ol E | e | | |we | Y m |-/
: u.wo ) o+ 1 o+ -1 = - - -+
Zquine diphtheroids - . . | W |m | | + | #| + |F| |+ | +|® | V|ow |nx |mT|w | V(¥ |-~/0H
A : final pH 5 or lower, in 80% or more of the strains
+ : final pH 5.5-7.0, in 80% or more of the strains
- : no acid produced by 80% or more of the strains .
7(+) : wvarisble, no single reaction applyinz to 80-100% of the siraias, but £inal pH of 5 eor less @Hw@mgmbw
ﬂwv : varisble, no single reaction applying to 80-100% of ike strains, but final pH of 5.5-7.0 predominant.
7(=) : varisble, no single reacticn applying to 80-100% of the strains, bub absence of acid predominemt,
F =¥ : varisble, no predominating resction (o0 few cultures tested) . .
For all other cultures, +, final pH 5 or lower; +, £inel pH 5.5=7.0; =, 2o 2cid produced.




HLVE WOTES

€,86TH NI SLIVHCAHOEEV) J0 NAOQHVEND EHL &0 A¥VIDINS 9 HT4VE




sabiafactory explanation for this phenomenon can be offered.

The reactions of (shovis NCIC 322k were similer to the typical
reactionsg off the C.bovis lsolotes except that acld wes nobt produced
from glycerol by C.bovis NCTC 3224 (sec Teble 6). C.ulcerons NCTC
7910 differs from the typleal C.bovis lsolates in its reactions to
arohinose, sucrose and mennibok.

Hydrolysis of starch

Hone of the C.bovis isolaltes was cepable of growth on starch
agar, and none gave a reachion in Hiss's serum water containing
sgluble starch., The "nocardialﬂ" isolates grew on starch agar and 3
of the 8 strains produced narrow zones of hydrolysis of the gbarch,
{the remaining 5 producing no reaction. None of these 8 strains gave
a reaction in the starch serum waber.

ALl 5 of the Microbacterium isolates grew moderately well on
aterch agar with wide zones of hydrolysis, but none produced acid in
gbarch serum water.

The reactions of these and of the type eulbvres in sterch ager
and gtarch serum water sre shouwn in Teble 7.

None of the isolates and type culiures produced indole from
capitone tryptose serum broth durlog incubation at 3’?0(;‘ for 10 days.

Production of hvdrozen sulphide

None of the Cebovis lsolates or "nocardial' isolates produced
hydrogen sulphide from casitone Tryptose sevum broth, Three of the 5

Mierobacterivm isclates produced slight blackening of the lead acelate

paper afber incubation for 5«10 days ab 37°¢, MNone of the 3 aquine

[



Sterch fgar &eid production in
Growth  Reactlon stareh sorum waler
L.bovis isolates - see -
THocardisl® isolates 44 - or # -
Hercbacterium isolates + h -
Houine diphtheroid {one strain fested) ur i -
Fumen diphtheroid vy gy -
S,bovis FOTT 322 - oas -
Syhofusnnti HCTC 231 e, - -
S.fisvidum NOTC 764 L + :
C.ovis NCIC 3450 -+ + -
‘Gedinhtherise FOTC 3985 2223 ++ + & days
Capyogenes MCIC G448 - o + 9 doys, + 7 veeks
Cexerosis HOTC 7243 250 * -
RCTC 9755 e + -

C.rennle HETC 7448 ++ - -
C.ulgerans HCID 7910 FEE -+ + & daya
Microbacterium lacticum  tested st 20°C e ++ -
weis 650 -

tested at 37°¢C 244 -+ -
E.lacticum BCIB 8541 tested at 30°C 4t - -

tested at 37°C ++ + -

Hote: Growth on starch agar: +++, very good growth; 4+, good growth; +, moderste growth; -, mo
growth, goﬂoﬁﬂngmmﬂ, 4, large zones of dlastasis; +, wummumaanuuauaw
dinstasis;: 4, ugwwwgawmwwuwﬁw - g%ﬂ%%ﬁw »sey not applicsbls.
Ewgmﬁﬁgmﬁugéug% mawmwu&ﬁaw&uwgmmm%maﬁwﬁﬁdwgﬁm
by incubation reqired for this smoumt aw acid production); i, amcid produced to & final
PH of 5.5 to 7.0: =, no change.
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diphtherolds produced hydrogen sulphlde.

Gehofmanmid NCTC 23%, Cebowig NCRC 3224, C.ovis NCIC 3450,
Cepyogenes NCIC 6448, Caxerosis NOTC 7243, Cerenale NCTC 7448 and
Miorobacterium lacticwn NCIB 8540 and 8541 profuced no detectsble
hydrogen sulphide,

Geudoorans NOTC 7910 produced sufficient hydrogen sulphide to
‘cause considerable blackening of the lead acetate paper within 5 days
in both flask and testwtube ouliures. C.Llavidum NOTC 764 gave a
negative reaction in the flagk culture, but produced some blackening
of the lead acetate paper in the case of the test tube culture. The
reaction of C.flovidum would thus sppear to support the view of
Skerman (1959) that hydrogen sulphide production is enhenced when
cultures ore grown under condltions of severe oxygen limitation.
However, both C.diphtheriae NCTC 3985 and C.xeresis NCTC 9755 produced
hydrogen sulphide when grown in shallow cultures in Hrlechmeyer flasks,
but not vhen growm in test-tube. cultures, in the case of C.xerosis
congiderable blackening of' the lead acetete paper ocourring within
5 days.

FProduation of emmonig

Cultures of all the isolates from bovine milk (grown in casitone
tryptose serum broth) gave a colour reaction with Nessler's reagent
slightly more orange than the colour resction obtained with the
uninoculated control broth, indleabting slight ammonis production.
Csulcevens NCTC 7910 and C.pyogenes NCTC 6448 gave a strong reactiop,
with a deep brickered colour developing when Nessler's reagent was

added, all other type cultures producing a colour reaction slightly



more orenge then that obiailned with the uninoculated medium. This

conlirms the slow development of alkalinity in Hiss's serum water
containing no carbohydrate substrate.

Reduction of nitrate

Nitrate was reduced to nitrite ﬁy twio of the C.bovis isolates,
one of ‘the two coryncbacterial strains not carrespohding to C.bovis,

6 of the 8 "nocardial" isolates,two of the three equine diphtheroids,
and the type cultures of Gshofmannii, C.flavidum, C.diphtheriae
Cazerosis NCTC 9755, and Miorobactariuﬁ loctioum (M.lacticum NCIB
8540 being positive ot 30°C, negative at 37°C, M.leoticum 8544
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