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ABSTRACT 

Microbial populations in semen from 18 bulls used for artificial 

breeding, varied between 30 and 560, 000 organisms/cm
3

, with a mean of 
3 

3, 300/cm • Wide day, to day fluctuations occurred in the microbial 

ii 

content of semen and there was no correlation between the total microbial 

counts, the proportion of these organisms sensitive to bovine seminal 

plasma inhibition and the measureable amount of antibacterial activity in 

a given semen sample. All semen samples had antibacterial activity, the 

amount being relatively constant for a given animal; marked differences 

occurred between breeds. Sixty-eight'percent of the bacteria isolated 

from semen (representing ten genera) were inhibited by s�minal plasma. 

Together with other data, this supports the view that most semen micro

organisms are transient contaminants from outside the reproductive tr�ct, 

derived mainly from the preputial cavity. 

The most common organisms in bovine semen were species of Bacillus, 

Corynebacterium and Micrococcus, but twelve other bacterial genera and two 

yeast species were also represented among the isolates. Most semen 

microorganisms were sensitive to several antibiotics, with pseudomonads, 

coliforms and yeasts proving the most resistant. The control of these 

organisms is important since they may grow in extended semen and have been 

implicated in bovine genital dis9rders. Chloramphenicol and streptomycin 

are routinely used in semen extenders and have been highly effective in 

controlling bacterial growth; penicillin has been less effective. 

At least three antimicrobial activities have been observed in bovine 

seminal plasma: (i) an antiviral activity, (ii) a heat labile (60
o

C for 

60 minutes) antibacterial activity and (iii) a heat stable antibacterial 

activity. Research has centered on the heat stable fraction which is 

sensitive to proteolytic enzymes but not to periodate treatment. This heat 

stable fraction can be purified by adsorption onto highly polymerised 

deoxyribonucleic acid (DNA). It does not resemble lysozyme, polylysine, 

salmine or spermidine in antimicrobial spectrum, electrophoretic properties 

or amino acid composition. Data from dialysis, polyacrylamide gel 

electrophoresis, ultrafiltration and ultracentrifugation indicate that the 

active moiety occurs in varying molecular weight aggregates, caused by 

self association and interaction with other microsolutes present in its 

environment. At least two of the aggregates (cationic at pH8.6) are anti-

bacterial by the overlay technique which detects biological activity in 

electrophoresed proteins. However, it migrates as a single band (molecular 



iii 

weight 25, 000) in sodium dodecyl sulphate (SDS) polyacrylamide gel 

electrophoresis, and has a single N terminal amino acid. When compared 

with antibacterial compounds described by other w orkers, the anti

microbial proteins from bovine seminal plasma were found to have a unique 

chemical composition. 

Bovine seminal plasma proteins had a rapid lethal effect on both 

Gram-positive and Gra�negative bacteria 
"
as well as ureaplasmas and 

mycoplasmas. Bacterial resistance to bovine seminal plasma exhibited a 

degree of correlation with resistance to antibiotics affecting cell membrane 

integrity. Detection of cytoplasmic leakage, loss of accumulated labelled 

compounds and failure to accumulate a labelled amino acid by bacteria in 

contact with seminal plasma supports the hypothesis that membrane damage is 

induced by bovine seminal plasma antimicrobial proteins. Resistance of 

Pseudomonas aeruginosa to bovine seminal plasma appears to be due to the 

bacterial cell wall preventing access of the active moiety to the cell 

membrane. 

Bovine seminal plasma antimicrobial cationic proteins may well " 

contribute to an efficient primary nonspecific defence mechanism of the 

genital tissues. Few microorganisms colonise the upper reproductive tract; 

ascending infections from the lower urethra and preputial cavity, where 

bacterial populations are large, are uncommon. Only bacteria shown to be 

resistant to antimicrobial factors present in bovine seminal plasma have 

been implicated in bovine male reproductive tract infections. During 

coitus the antimicrobial activity may also protect the female genital tract 

from infection. 
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INTRODUCTION 

Semen microbiology as well as reproductive 'physiology, has become 

a topic of increasing importance with the growing interest in improving 

breeding efficiencies, correcting reproductive disorders, and enhancing 

the production potentials of artificial breeding. Microbiological 

aspects which may be associated with low breeding efficiencies. or 

sterility are important in both natural reproduction and in artificial 

breeding practice. In addition, the use of a single ejaculate to 

inseminate a large number of cows provides a technique which, without 

correct safeguards, could lead to widespread dissemination of a specific 

pathogen throughout several herds in different farming regions. For 

this reason, periodic microbiological monitoring of semen used for 

artificial breeding, and investigations of the mechanisms preventing 

reproductive tract diseases in bulls and their transmission to serviced. 

cows, are of considerable importance. 



CHAPTER 1 :  THE MICROBIOLOGY OF BOVINE SEMEN 

1.1 Microbial Populations in Bovine Semen 
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The total microbial population and the species characteristic of the 

natural flora of bovine semen have been found to vary considerably . In 

part , this may be due to the manner in which the semen was obtained and 

the treatment of the animals before collection . Although various methods 

have been used to obtain semen for microbiologibal studies ,  the use of an 

artificial vagina and normal artificial breeding techniques seems to be the 
method of preference .  

An artificial vagina consists of  a long rubber j acket which extends 

over a test-tube in which the e jaculate is collected; the rubber j acket is 
sterilised by flushing with alcohol and the collection test-tube by heat 
sterilisation . When the bull is stimulated and mounts a teaser animal, the 
rubber sheath of the artificial vagina is slipped over the penis and held in 
position until e jaculation has occurred .  The test-tube is then removed 

from the rubber sheath and stoppered. This method avoids the possibility 

of contamination of the semen by vaginal flora which may occur, in spite of 
prelim�nary douching and disinfection, if the semen is recovered from the 
vagina of cows immediately after service (Webster 1932 ) . Electro-

ejaculation , which uses a light electrical charge to stimulate ej aculation 
into a collection vessel, has also been used for semen collection . It often 

yields e jaculates which are different in composition and greater in volume 
than those collected by normal ej aculation (Mann 1964 ) .  Semen collected in 
such a manner is therefore not representative of normal bovine genital tract 

secretions . Normal ejaculation into an artificial vagina provides samples 
representative of natural semen in both chemical and microbiological 

characteristics .  

Gilman (1921)  investigated the genital tracts o f  bulls shortly af.ter 
slaughter and concluded that normal healthy bulls had reproductive tracts 

either free of or with very low numbers of bacteria.  Ruebke (1951) could 

isolate no microorganisms from testes ,  epididymis ,  ampullae of vas deferentia , 
prostate or bulbo-urethral glands of healthy animals after slaughter . The 
urethra , caudal to the prostate through to the external urethral orifice ,  

the prepuce and the glans penis were , however, found to contain viable 
microorganisms . Hatziolos (193 7 ) attempted to obtain semen as free of 
bacterial contamination as possible , but found that no ej aculate was entirely 
free of bacteria . Thus although fresh semen from healthy bulls is 

theoretically very low in bacterial numbers , semen varies considerably in 

its bacteriological quality. 
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Of all source s  outside the reproductive tissues , the preputial 

cavity is considered the main source of semen contaminating microorganisms . 

Salisbury et al ( 19 3 9) found populations of 3 . 0  x 105 to 3 . 0  x 10
7 

micro-
. 3 organisms/cm of s emen collected by artificial vagina with no special 

preparation of the bull . The se numbers were reduced to 1 . 0  x 104 to 

1 . 0  x 105 organi�ms/cm3 by thorough washing of the underline and douching 

of the sheath . A similar decrease in the microbial population of semen 

after washing the prepuce prior to semen co�lection was also reported by 

Hashimoto ( 1 963) . Gunsalus et al ( 1941) reported total viable counts with 

a logarithmic average of 2 . 25 x 10
5 organisms/cm

3 
and a range of 1.0 x 103 

to 2 . 2  x 10
7 

in semen from bulls with muddy underlines and sheaths . Semen from 

bulls which were clean about underl ine and sheath had microbial popu lations 

X 103 6 . 104 ranging from 1 . 0  to 4 . 3  x 10 , with .a logarithmic average of 2 . 2  x 

. / 3 organ�sms cm • They also £ound that careful washing of the underline , 

c lipping of the hair about the prepuc e and flushing of the sheath with 

sterile disti lled water , reduced by 10 to 100 fold the number of micro-

organisms in the semen of a previously dirty bul l .  Meredith ( 197 0) found 

that semen from bulls. that everted the preputial epithelium and therefore 

increased the likelihood of contamination from the external environment had 

greater microbia l  popUlations ( average 3 . 7  x 105 organisms/cm
3

) than 

normal animals ( average 4 . 0  x 104) .  Reddy et al ( 1911) further studied the 

contribution of the f lora of the prepuce to semen contamination and reported 

that the semen of bulls with tucked up prepuce s  had lower average microbial 

counts than those with pendulous prepuces . As in many studie s  of the total 

viable counts in semen, how ever , the differenc e  was not statistically 

significant due to the wide variations in the microbial populations within 

each group . The fact that mos t  of the bacterial species present in the 

prepuce were also present in semen does emphasi�the importance of the 

prepuce as a source of bacterial contamination in semen.  These workers 

also confirmed the earlier reports that flushing the prepuce before s emen was 

collecte d markedly low ered the microbial content of the seme n .  They found 

that the total viable counts of semen from these bulls remaine d below the 

prewash levels for approximate ly 45 days after washing . Zemj anis ( 1962), 

therefore , recommends flushing the preputial cavity prior to semen 

col lection to reduce the microbial content of sem�1 in all routine 

collections . 

It  c an be concluded that the handling of the animals j us t  before semen 

collection is important in determining the microbial flora of their semen . 

Some of the differences ·between reports on the microbial f lora of semen may 

also be associated with differences related to the general management of 

individual herds or to management practices associ ated with different 
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geographical areas . Singleton & Simmons ( 1969) investigated the semen 

of bulls housed under intensive conditions and fou�d a high incidence of 

coliforms in their semen . Previously, coiiforms were c laime d to occur 

only occasionally in bovine semen (Prince et al 194 9) and their presence 

was attributed to faecal contamination . Under a stall system of 

management , faecal contamination of the prepuce could reach a much higher 

level than would be expected under less intensive conditions; "this 

expectation was supported by the persistence of coliforms in the semen of 

bulls housed under intensive conditions . The importance of general animal 

management on semen microbiology was also indicated' in the studie s by 

Gunsalu s  et a1 ( 1 941) ,  discussed above , in which bulls maintained under 

muddy conditions pro duced semen with higher microbial numbers than bulls 

kept in clean surroundings .  

Even within a sing le herd, there are large variations in the microbial 

populations of semen from differen t  bulls and in e j aculates collected at 

different time s from the same bull . The greatest variations were reported 
, 1 6 , by Almquist et al ( 1949b) w ith a range of 5 . 0  x 1 0  to 3 . 3  x 10 organisms/ 

3 d b I' 1 ( ) . th f l O  103 to 2 . 2  x '107 ' 
cm an y Gunsa us et a 1 941 w� a range 0 • x 

organisms/cm3 of semen . Other investigators have reported microbial 

populations in ,bovine semen within these ranges ( Sali9bury et al 1 9 3 9; 

Almquist et al 1949a;  Foote & Bratton 1950b ; Hashimoto 1963 ; Meredith 1 9 7 0 ;  

Reddy e t  al 1971).  

There is some indication that young bulls may produce semen with lower 

microbial populations than o lder a�imals . Almquist et al ( 194 9b) reported 

that there was an increase in the microbial populations of semen collected 

from bulls of increasing age , although this difference was found 

statistically to be non- significant . Reddy et al ( 1971), however , observed 

that young bulls had significantly lower total counts than mature and old 

animals , although there was no significant difference between the latter 

two age groups . 

In addition , when two e j aculates are collected wi thin a few minutes 

of each other, the s econd often contains fewer microorganisms than the 

first ( Salisbury et al 1 9 3 9; Almqui st et al 1949b ;  Sore l  1 961) . For 

example , Almquist et al ( 194 9b) found that in 21 cases of the 32 examined' 

i . e .  65% , the first e j aculate contained higher microbial numbers than the 

second e j aculate . However , the average total count reported for each 

ej aculate ( 2 . 2  x 105 organisms/cm3 and 1 . 3  x 105 organisms/cm3 respectively) 

are mi sleading since arithmetic rather than logarithmic averages were 

c alculated ,  and the difference is not sufficiently large to be considered 

significant . Such trends in the microbial population of semen have been 



reported in various studies ( see above) , but too often statistical 

analysis has shown them to be non significant due to the considerable 

variation in total colony counts within each group analysed. 

1 . 2  The Importance of Total Microbial Numbers in Bovine Semen 
, 

There has been considerable di scussion about the effect of micro� 

organisms on the fertility of a sire and on the survival of spermatozoa 

in semen collected and stored for artificial breeding . 

5 

Early workers believed that there was no direct evidence that 

bacteria had any detrimental effect on breeding efficiencies ( Sali sbury 

et al 193 9) ,  although they questioned the advisability of inseminating a 

cow with semen containing large numbers of pus-formers such as the 

pseudomonads . For thi s reason , combinations of antibiotics including 
, 

penicillin, streptomycin, polymyxin and sulphonamides , were tested and 

found to control bacterial growth in semen whi le preserving sperm 

liveability (Foote & Salisbury 1948; Almquist et al 1949a; Foote and 

Bratton 195 0b) . There have , however , been conflicting reports on the 

effect of antibiotic addition on the conception rates of semen used in 

artificial breeding . Holt ( 195 2) reported that sulphanilamide had no 

effect on the conception rate . In this study no controls lacking the 

antibiotics were included.  In contrast , a significant increase in the 

fertility of semen di luted with an extender containing sulphani lamide was 

noted by Salisbury & Knodt ( 1947) and Sali sbury & Bratton ( 1948) . 

Because the response of all sample s was so uniform, they considered it to 

be a metabolic effect rather than one based solely on the control of the 

microbial population in the semen. Foote & Bratton ( 1950a) reported that 

the addition of penici llin , streptomycin or a combination of these plus 

polymyxin and sulphanilamide increased the overall ferti lity level of 

bovine semen used for artificial breeding·; the greatest increase occurred 

in low fertility bulls . Similarly ,  Easterbrooks et al ( 1 95 0) found that 

the addition of streptomycin to diluted bovine semen increased the 

conception rates .of even high fertility bulls . Many investigators ,  

however ,. have reported that the control of .bacterial growth i n  semen by 

the addition of various antibiotics to semen extenders has had no 

significant effect on the conception rates of bulls wi th re latively high 

breeding efficiencies (Almquist et al·l 946; Mixner 194 9 ;  Almquist & 

P rince 1950) .  But it is generally agreed that significant improvements 

do occur in the fertility of semen from some relatively infertile animals 

(Almquist 1948; Almquist 194 9a; Almquist 1 94 9b; Almquist & Prince 195 0; 
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Almquist 1 951; Willett & Ohms 195 5 ) . 

As well as the increase in the levels of conception in semen from 

low fertility animals, the addition of antibiotics to semen reduced the 

number of cows returning to heat after abnormally long intervals . such 

returns reflect early embryonic or foetal deaths and/or pyelometritis . 

Indirect evidence i s  present in the work of Salisbury & Bratto-!.l ( 1 948 ) ;  

Easterbrooks et al ( 1 95 0 )  and Foote & B ratton ( 195 2 ) ,  indicating that 

antibiotic addition to semen effectively reduces embryonic mortality by 

controlling infectious agents present in semen . Decreases in embryonic 

deaths on the addition of antibiotics to semen, especially from bulls of 

generally low fertility have been confirmed by Olds et al ( 195 1 ) ; 

Erb & F lerchinger ( 195 4 )  and Willett & Ohms ( 1955 ) . 

Gi lman ( 19 2 1 )  isolated large numbers of bacteria from the genital 

tracts of sterile bulls and bulls with impaired fertility, whereas semen 

from fertile bulls contained few if any bacteria.  However, no relationship 

could be established between the number of microorganisms present in semen 

and, either the length of time, based on sperm motility criteria ,  that 

semen could be stored ( Edmondson et al 1948 ) or the general fertility level 

of bulls (Almquist et al 1 94 9b ) . It is therefore likely that the nature 

of the microbial flora of bovine semen rather than the total population of 

microorganisms, determines the fertilising capacity of a particular sample 

of semen. The enhancement of conception rates and the lowering of 

embryonic mortality rates by the addition of antibiotics to semen from 

relatively. low 'fertility bulls, indicates that low breeding efficiencies in 

bulls may be associated with the presence of certain specific bacteria in 

or near the reproductive tract . 

1 . 3  The Composition of the Microbial F lora of Bovine Semen 

The types of microorganisms present in semen samples are generally 

considered to be of greater importance than the total microbial numbers . 

The microbial f lora of semen from healthy bulls i s  essentially similar in 

most reported studi es, although the relative frequency of a particular 

organism may vary between bull populations . For example, Sing leton & 

Simmons ( 1969)  found a higher frequency of coliforms in bulls housed in 

stalls than many other investigators studying free ranging animals . These 

increased coliform counts are probably due to greater faecal contamination 

of the prepuce in bulls housed under intensive conditions . 

The bacteria most commonly isolated from the semen of healthy bulls 
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are : 

( a )  COLIFORMS (Gilman 1 92 1 ;  Hatziolo s 1 93 7 ;  Gunsalus et a l  194 1 ;  

Edmondson e t  a l  1948 ; Prince e t  al 194 9 ;  Ruebke 195 1 ;  Sorel 1961 ; 

Hashimoto . 1963 ; De & Chowdhury 1965 ; B lom & , Dam 1 967 ; Singleton 

& Simmons 1 96 9 ; Meredith 197 0 ;  Reddy et al ' 197 1 )  • 

(b)  CORYNEBACTERIA and DIPHTHEROIDS (Webster 1 93 2 ; Sali sbury et al 

1 93 9 ;  Gunsalus et al 1 941 ; Prince et al 194 9 ;  Ruebke 195 1 ;  Sorel 

1 961 ; Hashimoto 1 963 ; Kazda 1963 ; De & Chowdhury 1965 ; S ingleton 

& Simmons 1 9 6 9 ;  Meredith 1970)  • 

( c )  MICROCOCCI (Gi lman 192 1 ;  Webster 193 2 ;  Hatziolos 1937 ; Edmondson 

et al 1948 ; Prince et al 1949 ; Ruebke 195 1 ;  Sorel 1 961 ; Hashimoto 

1963 ; Singleton & Simmons 196 9 ) . 

( d) BACILLUS SPP ( Hatziolo s  1937 ; Gunsalus et al 1941 ; Edmondson et al 

1 948 ; Ruebke 1 951 ; Sorel 1 961 ; Hashimoto 1 963 ; De & Chowdhury 

1 965 ; S ingleton & Simmons 196 9 ;  Reddy et al 1 9 7 1 ) . 

( e )  PROTEUS SPP ( Hatziolos 1937 ; Ruebke 1 95 1 ;  Sorel 196 1 ;  Hashimoto 

1963 ; De & Chowdhury 1 965 ; Singleton & Simmons 1 96 9 ;  Meredith 197 0 ;  

Reddy et · al 1971) . 

Additional organisms have been i solated at lower frequencies . They 

are probably not part of the normal microflora of healthy semen but occur 

as transient contaminants of the prepuce from bedding , manure , soi l and 

air . Their numbers . can often be sub stantially decreased by cleaning the 

bull before semen collection . These species include : 

( f )  PSEUDOMONADS (Gilman 1 92 1 ;  Hatziolos 1 93 7 ; Edmondson e t  a l  1948 ; 

P rince et al 1 949 ; Ruebke 1 95 1 ;  Hashimoto 1963 ; Kazda 1963 ; De & 

Chowdhury 1 965 ; Singleton & Simmons 196 9 ;  Meredith 1 97 0 ;  Reddy 

et al 1 97 1 ) . 

( g )  STAPHYLOCOCCI ( Sali sbury e t  al 1 93 9 ;  Gunsalus e t  a l  1 94 1 ;  

Edmondson e t  a l  1 948 ; Hashimoto 1 963 ; D e  & Chowdhury 1 965 ; 

S ingleton & Simmons 196 9 ;  Meredith 1 97 0 ;  Reddy et a1 1 9 7 1 ) . 

(h)  STREPTOCOCC I ( reported to occur in bovine semen by Gilman 192 1 

Edmondson et a1 1 948 ; Ruebke 1951 ; Hashimoto 1963 ; De & 

Chowdhury .1965 Singleton & simmons 1969 ; and Heredith 1 97 0  

reported as absent from bovine semen b y  Webster 1 9 3 2 ; Gunsa1us 

et a1 1941 and P rince et a1 1949 ) .  



( i )  ALCALIGENES (Prince e t  al 194 9 ;  Ruebke 195 1 ;  Hashimoto 1963 ; 

Reddy et al 1 97 1 ) . 

( j )  ACTINOMYCES ( Edmondson e t  a l  1948 ) . 

(k )  AEROBACTER ( Ruebke 1 95 1 ) . 

( 1) BREVIBACTERIUM (Bacterium ammoniagene s )  . (Ruebke 195 1 ) . 

(m) CHROMOBACTERIUM (Meredith 1970) . 

(n )  ENTEROCOCCI ( Sorel 1 961 ) . 

(0 )  FLAVOBACTERIUM ( Prince et al 1949) . 

(p)  GAFFKYA (Hashimoto 1 96 3 ) . 

(q)  KLEBSIELLA ( Singleton & Simmons 196 9 )  • 

( r )  P EPTIDOCOCCUS (Micrococcus anaerobi s )  (Ruebke 195 1 ) . 

( s )  PROVIDENTIA (Hashimoto 1963 ) . 

( t )  SERRATIA ( Singleton & Simmons 1 969 ) . 

( u )  YEAST ( Edmondson e t  a l  1 94 8 ) . 

Bovine semen also contains variable popUlations of fungi . Rob & 

Toman ( 1 97 1 )  isolated myce lial fungi from 23% of semen samples and 

8 ' 

2 2  - 36% of preputial washings from breeding bulls in Czeckoslovakia .  

The predominant genera were P enicillium, C ladosporium, Aspergillus , 

Alternaria and Thamnidium . Richard et al ( 1 97 6) also isolated several 

non-yeast fungi from bovine semen but did not attempt to identify the 

organisms involved.  They did ,  however, identify nine species of mycelial 

yeasts , the most commonly isolated being Candida parapsilosis and 

C .  tropicalis . In addition strains of C .  sake , C .  curvata , C .  krusei , 

C .  lambrica,  Hansenula anomala and Torulopsis candida were also cul tured 

from bovine semen . 

Mycoplasma species ( some unidentified, many classified as 

M .  bovigenitalium some, as Acholeplasma laidlawii , and a few as M. agalactiae) 

have been cultured from the prepuce and s emen of bulls exhibiting no 

evidence of pathological conditions . They have been isolated from 66% of 

penial-preputial sWabbings and 2 4% of raw semen from Canadian bulls 

(Onoviran et al 1975 ) , although Langford ( 1974 ) reported a lower ( 14% ) 

incidence . 27% of preputial washings and 7 - 8% of semen samples from 

Danish breeding bulls ( Ern et al 1 967 ; B lom & Erno 1 97 0 ) , 27% of semen 

samples from Polish bulls ( Zgornia.k-Nowosielska & B ranny 197 0 ;  Branny & 

Zgorniak-Nowosielska 1971)  and 83% of preputial mucosa samples in U . S . A .  
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( Jasper et al  197 4 )  were found to contain Mycoplasmas .  

T Mycoplasmas �reaplasmas) have been isolated from the 

reproductive tract of c attle in the U . S . A .  (Livingston & Gauer 1974) , 3S% 

of penial-preputial sWabbings and 2 4% of raw semen from C anadian bulls 

(Onoviran et al 1975 ) , and from either preputial cavity or semen of 82% of 

British bulls examined (Taylor-Robinson et al 1969) . A low incidence was 

again reported by Langford ( 1974)  with 13% incidence of ureaplasmas in 

preputial secretions and semen of Canadian animals . 

1 . 4  The Significance of Certain Microorganisms in Bovine Semen , their 
Role in Infertility and the Likelihood of their Transmission to 
Serviced Cows 

In cases of specific bovine reproductive tract diseases,  the 

causitive organisms may be ej aculated in the semen, which could then serve 

as a source of infection for cows serviced with the contaminated semen . 

For example ,  Brucella abortus has been isolated from cases of seminal 

vesiculitis ( Lagerlof 1936 ) and from the seminal vesic les of a bull with a 

history of sterility (Gilman & Hopper 1 925 ) . I t  has also been associated 

with other bovine genital tract diseases (ampullitis ,  orchitis , epididymitis ) 

affecting the ferti lity of the infected animals ( reviewed by Bagshaw & Ladds 

1974a,  and Humphrey & Ladds 1975 ) . Campylobacter (Vibri o) fetus can b e  

excreted in ' bovine semen (Dunn et a l  19 65;  Winter et a l  1965 ) , is  present 

in preputial washings (Clark et al 1 974a) , and is able to survive in deep 

frozen semen (Adler 1966) . Vibriosis has been detected in 5 0% of bulls in 

B ritain (Philpott 1 969) , 3 0% of bulls in Canada (Ruckerbauer et al 1974)  and 

3 7% of animals in the United States (Winter et al 1970) . Danish bulls are 

now free of Vibrio fetus infection following an intensive eradication 

scheme , involving repeated test matings and mass treatment with streptomycin 

( Adler 1965 ) . Leptospira pomona was transmitted to serviced cows by 

infected bulls during coitus o r  by diluted semen from these animals when 

this was used for intravaginal inoculation in artificial breeding ( Sleight 

1965 ) . Other Leptospira species may also be associated with genital 

infection and venereal transmission of the disease to serviced cows 

( Arnatredj o & Campbell 1975 ) . Mycobacterium tuberculosis has been found in 

the semen of bulls with seminal vesiculitis ( Lagerlof 1 9 3 6 ) , and 

Mycobacterium paratuberculosi s ( M .  j ohnei)  has been isolated from the teste s ,  

bladder and semen o f  clinically healthy animals ( Lukashev et a l  1 963 ) . 

I t  has also been found in the faeces/ genital organs and semen of infected 

bulls ( Tunkl & Aleraj 1965; Larsen & Kopecky 1 97 0 ) . It is  therefore 

possible that transmission to serviced cows via contaminated semen does 
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occur when semen is collected from infected animQls . Trichomonas fetus is 

present in semen and preputial washings of infected animals (Joyner & 

Miller 1952 ; Zemj anis 1962 ; Sunaikin 1971 ) , and is able to survive in 

semen held at 5 ' C  for up to nine days (Fitzgerald et al 1954 ) . 

Thus , artificial breeding may be important in the transmission of 

specific diseases ,  e . g .  brucellosis ,  leptospirosis ,  tuberculosis ( Johnei ' s  

disease ) , trichomoniasis and vibriosis , to large numbers of serviced cows . 

For this reason all bulls for use in artificial breeding practices are 

checked serologically for these infections . 

In addition to these monitored diseases ,  however, certain other 

microorganisms also affect bull fertility and may infect the female genital 

tract following insemination with contaminated semen . Bulls with seminal 

vesiculitis produced post-coital vaginal discharge in cows mated with these 

animals (Galloway 1964 ) , and service by a low fertility bull has been found 
to lower the fertility of repeat service cows even though t�e repeat 
services were with semen from bulls of high fertility (Flerchinger & Erp 

1953 ) . This was possibly due to an infection in the reproductive tract of 

the cow resulting from insemination with semen from a low fertility bull 
containing a large microbial population . 

Several genera of bacteria have been reported to be responsible for 

reproductive disorders in bulls and cows serviced by these animals . Two 
recent reviews ,  Bagshaw & Ladds ( 1974a )  and Humphrey & Ladds ( 1975 ) discuss 

the pathology of the accessory sex glands of the bull , and of bovine testes 

and epididymis respectively . The organisms involved in pathological 

conditions of the bovine reproductive tract are discussed below . 

Alpha haemolytic streptococci were found in large numbers in 

cultures of semen from bulls in herds with endemic temporary sterility. 

This organism was recovered from the testes ,  epididymis and seminal vesicles 
of these bulls at the time of slaughter, although they were not found in 

cultures from healthy bulls or from bulls of low fertility chara cterised by 

oligospermia or highly abnormal sperm. The cows serviced by these bulls 

also exhibited enzootic sterility together with evidence of cervioitis ,  and 

frequently yielded similar alpha haemolytic streptococci on culture 
(Webster 1932 ) . Streptococci have also been isolated from cases of seminal 

vesiculitis ( Lagerlof 1936 ; Galloway 1964) . Sorel ( 1961 ) reported that 
Streptococcus pyogenes , alone or in combination with Escherichia coli or 
Pseudomonas aeruginosa , occurred in chronic infections of bulls with low 
fertility. These organisms have also been associated with ovaritis ,  
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metritis ,  sterility and abortion in cows (Prince et al 1949) . 

1 Staphylococcus aureus and Staphylococcus albus have been isolated 

in large numbers from cases of cervitis (Webster 1932 )  and Staphylococcus 

pyogenesl occurred in the semen of certain bulls with low fertility (Sorel 
1 1961) . Pounden et al ( 1947 ) isolated S .  albus from the semen of a bull 

which appeared to be identical to that obtained in large number� from the 
pus and exudate surrounding aborted feti from cows previously inseminated 

with semen collected from the same bull . 

Some Pseudomonas species isolated from bovine semen are saprophytes 

from external contamination ; others are definite pathogens and were 

frequently associated with Staphylococcus pyogenesl in the semen of bulls 

with low fertility. Semen from these bulls contained high numbers of 

dead and abnormal sperm (Sorel 1961) . The persistent presence of 
P s .  aeruginosa in the semen of infertile bulls also indicated that it may be 

associated with individual cases of infertility involving low sperm motility, 

a high percentage of morphologically abnormal sperm (Prince et al 1949)  and 

low breeding efficiencies (Gunsalus et al 1944) . Pseudomonas species have 
been isolated from bulls with balano-posthitis ,  and is known to be 

2 spermicidal (Lusis & Soltys 1971 ) . Ps  pyocyanea was found in the semen of 

five bulls (Gunsalus et al 1941) . Of these five animals , three were culled 
from the artificial breeding herd, another became sterile and the last 
produced semen of low fertility. Semen contaminated with Ps . aeruginosa 
produced uteritis,  cervicitis , vaginitis and metritis in heifers serviced 

with this semen (Getty & Eilis 1967 ) . 

Richardson & Smith ( 196B ) could find no evidence for the 

pathogenicity of Corynebacterium haemolyticum, but Corynebacterium renale 

has been implicated in bovine seminal vesiculitis (Galloway 1964) , and a 
diphtheroid was found to be responsible for ulcerative vulvitis and posthitis 
(Dent 1971) . In addition , Corynebacterium pyogenes has been isolated from 
abcesses and lesions in posthitis and prolapse of the prepuce in cattle 

(Donaldson & Aubrey 1960) , and from lesions in the seminal vesicles of low 

fertility bulls ( Sorel 1961) , or in cases of seminal vesiculitis ( Lagerlof 

1936 ;  Galloway 1964 ; Bagshaw & Ladds 1974b) . 

Van Tonder & Bolton ( 1970 )  isolated Actinobacillus seminis from a 
bull with bilaterial epididymitis ,  and also believed it to be responsible 

for two cases of orchitis ,  on serological evidence . Actinobacillus 

FOOTNOTES : 1 currently c lassified as , Staphylococcus aureus (Bergey 1974)  

2 currently classified as Pseudomonas aeruginosa (Bergey 1974)  
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actinoides has been associated with bovine seminal vesiculitis (Jones et 

al 1 964 ) • 

Proteus and Escherichia spp . appear to be transition organisms between 

the clearly saprophytic and the pathogenic microorganisms . They may be 

present in semen w ith reduced fertility and increased sperm abnormalities , 

but they appear to reflect a general lowering of the animals health , rather 

than being the causal agents of these symptoms ( Sorel 1961) . E scherichia 

coli , however , has been reported in the inflamed seminal vesicles of steri le 

or near sterile bulls ( Kazda 1 96 3 ;  G alloway 1964 ) , and has been associated 

with a variety of reproductive disorders in cows (Prince et al 1 94 9 ) . 

Other bacterial species occ asionally involved in bovine reproductive 

tract disorders are Actinomyces bov'is ( Kimball et al 1 954 ) , Haemophilus 

(Humphrey & Ladds 1 975 ) , Nocardia farcinica and other Nocardia spp ( Awad 

1960 ; Galloway 1964) , and Salmonella ( Humphrey & Ladds 1975 ) . 

These bacterial genera can therefore be considered responsible for 

reproductive tract infections of the bull and for lowered fertilising 

capabilities of its semen . This decrease in fertility may be associated . 

with greater sperm abnormalitie s ,  or with the transmission of infection to 

serviced cows leading to a variety of di sorders of ti1e female . reproductive 

tract including steri lity or lowered conception rates due to. ovaritis and 

metritis and to increased embryonic deaths associated with such genital 

infections . 

In addition to the potential pathogens pre sent in bovine semen 

affecting ferti lity , certain non-pathogenic bacteria may lower the 

fertility · of semen for use in artificial breeding by compe ting with the 

sperm for nutrients or by producing toxins and metabolic end products which 

may be harmful to sperm . A definite correlation exists between high 

numbers of haemolytic bac teria in a semen sample and a reduced storage 

c apacity for such a sample ( Edmondson et al 1948 ) . In addition , 

clostridium welchi i ,  Escherichia freundiil , Escherichia coli , Proteus 

vulgaris , · P seudomonas aeruginosa and Streptococcus viridans have been shown 

to have marked spermicidal effects when present in semen ( Matthews & Buxton 

1 95 1 ;  Kazda 1 963 ; Lusis & Soltys 1 97 1 ) . 

In many chronic reproductive diseases e . g .  seminal vesiculiti s ,  

bacteriological investigations have proved negative . Such inflammatory 

conditions may be associated w ith mycoplasmal,  chlamydial or viral 

infections of the bovine reproductive tract . 

FOOTNOTE : Currently classified as Citrobacter freundii (Bergey 1 97 4 ) . 



Mycoplasma species have been associated with low fertility ,  low 

conception rates,  vulvovaginitis ,  endometritis , salpingitis,  mastitis 

and abortion ( Jasper 1967 ) , although they have also been isolated from 

the genital tract and semen of animals with no clinical symptoms (Ern 

et al 1967 ; Blom & Erno 197 0 ;  Zgorniak-Nowosielska & Branny 197 0 ;  

Branny & Zgorniak-Nowosielska 1971 ) . Mycoplasma bovigenitalium has 

been isolated from the semen and reproductive organs of animals with 

chronic seminal vesiculitis (Blom & Erno 1967 ) , and with orchitis and 

epididymitis (AI-Aubaidi et al 1972 ) . Mycoplasma bovigenitalium 

produced lesions in the seminal vesicles ,  prostate , epididymis , testes 

and the pelvic urethra when inoculated into the seminal vesicles 
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experimentally (AI-Aubaidi et al 197 2 ;  Parsonson et al 1974a) . Lein & 

Nielsen ( 1975 )  found that both Mycoplasma bovigenitalium and Mycoplasma 

agalactiae var . bovis produced ascending and descending infections of the 

urinogenital tract when inoculated into the seminal vesicles of 

experimental animals . These animals shed mycoplasmas continuously in the 

semen and seminal fluids . In chronic infections sperm abnormalities and 

azoospermia also occurred .  A mycoplasma, tentatively identified as 

M. agalactiae var bovis,  when added to bovine semen prior to semen pro
cessing resulted in heifers requiring -multiple inseminations' before 
conceiving, and four failing to conceive after 5 inseminations . These 

animals showed chronic suppurative salpingitis ,  chronic endometritis and 
ovarian adhesions which were the cause of their sterility ( Hirth et al 
1966) . 

A chlamydial agent, Miyalawanella bovis , associated with bovine 
enzootic abortion, has been isolated from bovine semen (yilmaz 1971 ) , and 

an unidentified chyamydial infection produced granulous orchitis and 

associated abnormal spermatogenesis in a herd of bulls (Boryczko et al 
197 3 ) . 

Viruses ( entero-like , rheo-like and papova-like) have been isolated 

from 17% of semen samples , with 70% isolation occurring in semen from bulls 
with clinical orchitis,  epididymitis,  balanitis or seminal vesiculitis 
(Branny & Zembala 1971 ) . Thus a definite relationship between virus 

isolation, and clinical changes in the sex organs of bulls and low semen 
quality has been established. It  has been postulated that such cytopath-
ogenic agents may be responsible for non-bacterial inflammatory changes in 

the reproductive organs of bulls .  A cytopathogenic enterovirus,  which 

was isolated from a bull with seminal vesiculitis , produced orchitis and 

a temporary ( 3  month) arrest in spermatogenesis (Bouters 1964 ) . Bovine 

ephemeral fever virus also produces temporary sterility, with head, tail and 
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midpiece abnormaliti es occurring in the sperm produced during the 

infection . Virus was excreted in the semen but no infection of serviced 

heifers was detected (Parsonson & Snowden 1974 ; Burgess & Chenoweth 197 5 ) . 

Foot- and-mouth virus can be present in semen after experimental infection 

and before the appearance of clinical symptoms . This virus can persist 

for 1 year in semen stored at - 196 ' C ,  and can be transmitted by artificial 

insemination to serviced cows (Cottral et al 1 968 ; Sellers et "al 1968 ) . 

A papova virus is associated with genital warts , producing lesions on the 

mucosa of the penis and/or prepuce of infected bulls (Afshar 1965 ) • 

Infection with paravaccinia virus produces infertility in bulls associated 

with a high percentage of dead sperm and low motility among the remaining 

viable sperm ( Johnston & Deas 1971) . P arainfluenza type III virus also 

produc es inferti lity as a result of degeneration of ·· the testes following 

bovine infection (Deas et al 1 96 6 ) . Infectious bovine rhinotracheitisl 

infectious pustular VUlvovaginitis ( IBR/IPV ) virus is perhaps the most 

important viral agent transmitteq by artificial breeding techniques �  It 

has been i solated from the semen of a clinic ally normal bull in an 

artificial breeding centre ( Spradbrow 1968 ) ; such an animal may serVe as 

a source of infection for other breeding bulls ( Bo1;:tcher & Mahl�r 197 0 ) . 

IBR virus has been i solated from the prepuce of 7 9% of "bulls with serum 

neutrali sing antibodies to this virus (Dennett et al 1973 ) ; " i t  has also 

been i solated from semen and preputial washings of bulls with epididymitis ,  

and from nodules and discharges from cows w�th vaginitis ( Kaminj olo et al 

1975 ) . It i s  released in the semen for long periods after the onset of 

infection , being secreted intermittently (Von Ulbrich & Haase 1974) , and 

may be associated with low ferti lity in infected animals (Bwangamoi & 

Kaminjolo 1 9 7 1 ) . Such semen was infective after 1 year storage at - 1 96 ' C  

( Spradbrow 1968 ) and heifers serviced with the contaminated semen deve loped 

histopathological evidence of endometritis , had abnormally short estrus 

cycles and did not conceive or had very low ( 13% against a" normal 61% ) 

conception rates ( Kendrick & McEntee 1967 ; White & Snowdon 1 97 3 ) . Although 

these low conception rates are rommon when contaminated semen is  used in 

artificial breeding , in natural breeding the IBR/IPV virus infective dose does 

not appear to affect fertility (Parsonson & Snowdon 1975 ) . 

From the above discussion i t  i s  apparent that although no correlation 

could be established between the number of microorganisms present in 

semen and either ( i )  the . length of time that semen could be stored 

(Edmondson et al " 194 8 )  or ( i i )  the fertility level of bulls ( Almquist et a1 

194 9b )  , the addition of antibiotics to bovine semen prior to use in 

artificial breeding improved conception rates and decreased embryonic death " 
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rates .  These effects were most marked in  semen from low fertility bulls 

(Almquist 1948 ; Salisbury & Bratton 1948 ; Almquist 1949a and b ;  Almquist 

& Prince 1950 ;  Easte+brooks et al  1950 ;  Foote & Bratton 1950a ; Almquist 

1951 ; Olds et al 1951 ;  Foote & Bratbon 195 2 ;  Erb & F lerchinger 1954 ;  

Willett & Ohms 1955 ) . It has been concluded that although high microbial 

numbers in semen ej aculates may indicate impairment of fertility in that 

sample , the types of microorganisms present in semen may be of g reater 

importance than the total number of microorganisms which can be detected. 

1 . 5  The Value of Antibiotic Additions to Bovine Semen for use in 
Artificial Breeding 

Artificial breeding practices basically involve two types of semen 

preparation . In most overseas centres ,  the semen is diluted, cooled and 

then stored at - 196 ' C  soon after collection . This method prevents 

bacterial growth in the extended semen although bacteria may persist for 

long periods of time . The addition of antibiotics to semen used in this 

manner helps to prevent the transmission of potential disease organisms to 
serviced cows . 

Among the specific bovine reproductive diseases ,  Campylobacter 
(Vibrio) fetus can be eliminated fro� frozen semen by polymyxin B sulphate , 

dihydrostreptomycin, streptomycin and neomycin ( antibiotics routinely added 

to bovine semen extenders) • Exposure for several hours at room 
temperature prior to freezing is needed for complete effectiveness of 
these antibiotics . Chloramphenicol and oxytetracycline have no effect on 

C .  fetus survival (Norman et al 1962 ; Adler 1965 ; Adler 1966 ; Sullivan 

et al 1966) • .  In the absence of antibiotics Leptospira are known to persist 

in semen for three years at -196 ' C  (Amatredjo & Campbell 1975 ) , but 

penicillin and streptomycin prevent the transmission- of Leptospira pomona by 

extended fresh semen, extended frozen semen from known shedder animals , and 
semen to which Leptospira organisms have been added (Sleight 1965 ) . 
Mycobacterium paratuberculosis , however, can survive polymyxin B sulphate , 

penicillin and dihydrostreptomycin treatment (Larsen & Kopecky 1970 ) , and 
Trichomonas fetus is resistant to penicillin , streptomycin and sulfanilamide 
(Fitzgerald et al 1954 ) ; elimination of these microorganisms from semen 
requires other antibiotics e . g .  furazolidone or nitrofurazole ( Sunaikin 1971 ) . 

Mycoplasmas in semen are also able to withstand freezing (Hirth & 

Nielsen 1966;  Lein & Nielsen 1975 ) ,  and are resistant to the usual 

penicillin , polymyxin and dihydrostreptomycin antibiotic additions (Hirth 
et al 1967 ) . Clindamycin, lincomycin, spectinomycin and linco-spectin 
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inhibited mycoplasmal growth in semen (Hamdy & Miller 1971 ) , but are not 

routinely used in semen extenders . 

Penicillin and tetracycline are effective against Chlamydial strains 

isolated from cattle (Abramova et al 1974 ) . 

Several viruses with cytopathogenic effects have been isolated from 
bovine semen and are able to persist in semen for long periods of time , 

including foot-and-mouth virus (Cottral et al 1968 ) and IBR/IPV virus 

(Spradbrow 1968 ) . Semen for use in artificial breeding should perhaps be 
treated to inactivate viruses especi ally if no serological monitoring of the 
animals health is maintained, and in countries ,  such as New Zealand, 

careful treatment of imported semen is essential to maintain a foot-and

mouth disease free state . �reatment with 0 . 2% NaOH for 10 minutes does not 

affect conception rates but will inactivate viral contaminants (Adler & 

Anders en 1970) . 

The second method of semen preparation is used in New Zealand during 

the peak period of the artificial breeding season ; by this method semen is 

diluted and held at ambient temperatures for up to four days before being 

used. In this case antibiotics are particularly important in controlling 
the growth of micro.organisms normally presen t in the e:J{tended semen . As 
discussed in CHAPTER 1 . 2 ,  the ada1ition of antibiotics to semen extenders 

controls bacterial growth while preserving sperm liveability (Foote & 

Salisbury 1948 ; Almquist et al 1949a ; Foote & Bratton 1950b )  and may 
improve conception rates as well as lowering embryonic mortality ( Salisbury 
& Knodt 1947 ; Almquist 1948 ; Salisbury & Bratton 1948 ; Almquist 1949a ; 
Almquist 1949b ;  Almquist & Prince 195 0 ;  Easterbroo� et a l  1950 ;  Foote & 

Bratton 1950a ; Almquist 1951 ; Olds et al 1951 ;  Foote & Bratton 195 2 ;  
Erb & Flerchinger 1954 ;  Willett & Ohms 1955 ) . I t  has also been reported 

that the fertility of semen is higher, and the foetal mortality lower, 

after 24 hours storage than for freshly extended semen ( Salisbury et al 
195 2 ;  Willett et al 1955 ; Salisbury 1968 ) . The enhanced fertility seen 
on the second and third days after collection when antibiotics have been 
added to the extended semen may be a function of the need for sever" l  hours 
of contact before the antibiotics are effective against the microorganisms 

present in bovine semen . In fact, microbial populations are at their 
lowest level at this time (Salisbury & Flerchinger 1961 ; Maule 1962 ; 

Brown et al 1974 ) . The subsequent increase in total viable counts in 

extended semen is associated with the growth of organisms resistant to the 

antibiotics present . in the semen extender . Brown et al ( 1974 ) found that 

this increase was due to yeasts which entered the extended semen in small 
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numbers as aerial contaminants and multiplied unchecked by the anti-
biotics routinely used in the semen extender . Under these conditions 

yeast growth seemed to determine the useful life of the semen . In other 

situations other organisms may be responsible for the endpoint of semen 

usefulness . 
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CHAPTER 2 :  THE NATURAL ANTIMICROBIAL ACTIVITY OF BOVINE SEMEN 

Male reproductive tract secretions have often been reported to 

exhibit bacteriostatic or bacteriocidal activity . The descriptions of 

factors responsible for this activity suggest that several different 

compounds may be concerned in the various species which have been examined .  

Workers studying human semen have described a variety of  compounds ,  the 

best known of which are lysozyme and the polyamines .  Other compounds to 

which antimicrobial activity has been attributed are less well 

characterised (Rozansky et al 1949 ;  Gurevitch et al 195 1 ;  Taylor & Morgan 

1952 ; .:Razin & Rozansky 195 7 ;  Stamey e t  a l  1968 ; Tallgren e t  a l  1968 ;  

Hankiewicz & Swierczek 1974 ;  Mardh & Colleen 1974 ) . A similar variety 

of compounds with antimicrobial properties has also been reported in canine 
prostatic fluid (Youmans et al 1938 ; Stamey et al 1968 ; Fair & Wehner 

1971b )  • 

Gunsalus et al ( 1941) noted that during semen storage experiments the 

number of bacteria decreased in some sample s .  On further investigation, 

however,  they could find no evidence of any germicidal action against 

Escherichia coli in bovine semen. Similarly, no activity against 

Staphylococcus aureus was detected in bovine semen by Gurevitch et al ( 1951 ) . 

However, Vibrio fetus infectivity was found to decrease in bovine semen which 
was held above freezing point for 24 hours even in the absence of antibiotics 
(Willett et al 1955 ) , and Tallgren et al (1968 ) showed that both human and 

bovine semen inhibited bacteria,  although not always fue same species .  
This has been confirmed by Brown et al ( 1974)  and Shannon et al ( 1974 , 1975 ) 
who noted that bovine semen had considerable antimicrobial activity against 

several bacterial species .  

Taylor-Robinson et  al  ( 1969 )  showed that most bovine seminal fluids 
and bovine serum contain a heat stable , non-dialysable factor which 
inhibits the growth of Ureaplasmas . It was postulated that this factor 
may prevent deep-seated mycoplasmal infections of the reproductive tract 
but no further characterisation was attempted. 

Bovine semen also has an inhibitory effect on viruses .  Le Q Darcel & 

Coulter ( 1976 )  have confirmed an earlier report by Bitsch ( 1964 ) that 
seminal fluid from the raw semen of many bulls neutralises the growth of 

Infectious Bovine Rhinotracheitis ( IBR) virus in tissue culture . 

There has been no indication in the literature whether the various 

activities of bovine semen are associated with individual compounds or 

whether a single. factor is  responsible for its activity against bacteria, 

mycoplasmas and viruses . In addition there have been few attempts to 

identify the compound or compounds responsible for these inhibito�7 effects ,  



although recently , Shannon et al ( 1974 , 1975 )  partially purified a 

small cationic peptide with antibacterial activity from bovine semen, 
which seemed to occur as polymers of varying molecular weight . 

1 9  



CHAFTER 3 :  THE AIM OF THIS INVESTIGATION 

The aim of this thesis was to examine the microbial content of 

semen used for artificial breeding in New Zealand, and to evaluate its 

relationship to the natural antimicrobial activity present in bovine 

seminal plasma, with special reference to the possibility of disease 

transmission via this medium . 
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This study developed into an investigation of the nature and 

identity of the factors responsible for the antimicr.obial activity in 
bovine semen , its mode of action and its possible role as a primary defence 

mechanism of the male reproductive tract . 

The thesis work is divided into four parts : 

In PART . ONE , the microbiology of bovine semen used for artificial 
breeding in New Zealand is described, and its relationship with the natural 
antibacterial activity in bovine semen is investigated .  

Once it  was established that bovine semen contained considerable 
activity against a variety of bacteria , it was decided to investigate the 

properties of this activity further . 

PART TWO records the chemical and physical characterisation of the 

inhibitory factors in bovine seminal plasma . Such characterisation proved 
he lpful inthe comparison of bovine seminal plasma activity with the anti
microbial activity of known antimicrobial agents , and of se'men from other 
species .  It also provided information useful in the attempts to isotate 

the factors responsib le for bovine seminal plasma antimicrobial activity . 

PART THREE extends the initial observations of bovine seminal plasma ' s  

antimicrobial activity and reports on studies into the response of bacteria , 
mycoplasmas and ureaplasmas ' to bovine seminal plasma , compared with their 
response to known antimicrobial agents and the mode of action of bovine 
seminal plasmao against these microorganisms . 

PART FOUR describes the attempts to purify a factor responsible for 

at least some of the antimicrobial activity of bovine seminal plasma , the 
successful development of a unique isolation technique , and the preliminary' 

characterisation of the compound isolated in this manner .  



MATERIALS AND METHODS 

CHAPTER 4 :  GENERAL EXPERIMENTAL TECHNIQUES 

4 . 1  Semen and Seminal P lasma S amples 

Bovine semen samples for ( i )  microbio logical investigation ·and 

2 1  

( i i )  the pre liminary survey for antimic robial activity , were c o l lected from 

bul l s  kept at the New Zealand D airy Board Arti ficial Breeding Centre at 

Awahuri near P almers ton North , during the normal peak ' of arti ficial 

breeding use . Routine artificial breeding techniques were fo l lowe d  for 

the collection of semen using an artificial vagina fitted w i th a s terile 

test- tube ( For a more detai led account see CHAPTER 1 .'1 ) . S amples were 

transported to the laboratory within two hours of collection ; the. test

tubes were c losed with waxed corks and held in a wallet wrapped around a 

bottle of ice in an insulated box ; they were immediately assayed for · total 

microbial counts ( see C HAPTER 5 . 2 ) and for natural antibacterial activi ty 

against Micrococcus lysodeikticus
l 

( see CHAPTER 4 . 3 ) . 

For further inve stigations into the nature of the antimicrobial 

activity present in bovine genital secre tions , pooled seminal plasma samples 

f rom vasectomi sed buil s  were used, to eliminate the possibility of inhibitory 

substances aris ing from the sperm c e l l s  themselve s . S eminal f luid 

collections from these animals fol lowed the procedure described above , an d  

were made at the New Zealand Dairy Board Artificial Breeding Centre at 

New stead, R . D . 4 . , Hami l ton . Pooled sample s  were filtered through fibre-

glass wool and a mill ipore f i lter to remove as many of the contaminating 

bacteria as poss ib le . The se samples were then fro zen , airfreighted to 

P a lmerston North , 'and s tored at - 2 0 '  C in the laboratory . Who le seminal 

plasma and fractions c an be stored at - 2 0 ' C  for considerab l e  periods of time 

( si x  months or more ) without significant loss of antimicrobial activity . 

4 . 2  Deve lopment of an As say System to detect and measure the Antibacterial 
Activity in Bovine Genital Secretions 

A number of biological assays were examine d to select a method which 

could b e  used as a routine measure of the antibacterial activity of bovine 

seminal plasma . The se included seri a l  dilution in l iquid or solid media as 

well as linear and radial diffus ion assays . 

1 
FOOTNOT E : Currently c la s sified as Mic rococcus luteus ,  B ergey ( 1 974 ) 



SERI AL DI LUTION METHODS : Serial di lutions of membrane fi lter ste r i l i s e d  

bovine seminal plasma with Ringers solution or Nutrient broth ( see 

CHAPTER 6 . 1  for spec ifications ) were inoculated w i th the test organism 
1 

(Escherichia coli or a B ac i l lus sp ) .  I n  some cases growth of res i s tant 

organ i sms f rom 'the seminal plasma itse lf masked the inhibi to ry effe�t on 

2 2  

the test bacterium ,  and a lthough some growth inhibition o f  the test organism 

cou l d  be seen at 12% content of semina l plasma , this method was not as 

sensitive as other technique s  described b elow . 

For s erial di lution in solidified me dia, membrane fi lter steril is e d  

bovine seminal p lasma w a s  diluted into mol ten nutrient agar ( for 

spe c i ficat ions see CHAPTER 6 . 1 ) poured into Petri plates and a l lowed to set . 

The test bacterium was then placed on the surface of the agar by swabb ing , 
. 3 . 

spreading O . lcm c e l l suspension w i th a steri le glass spreade r ,  or pouring 

1 cm
3 

c e l l  suspension onto the agar and then draining off the excess . 

Spreading a known volume of bacteri a l  suspension onto agar gives a mo�e 

accu rate c e l l  population than the other less precise methods , and i s  

des i rabl e  i f  c l o s e  stu dy of the effect o f  bovine seminal plasma o n  bac,!;-erial 

populations is require d .  At semina l p lasma leve l s  of 5 0% an d 25% the re was 

no growth of E. coli or B ac i l lus sp on the test plate s . At 12%  semina l  

plasma some i s o lated co lonies appeare d ,  and a t  the 3 %  level growth was 

. conf luent . Although le s s  sensitive than the diffus ion assay ?escribed below ,  

this method could be o f  some importance i n  the iso lation o f  bacteria re s i s tant 

to bovin'e seminal plasma . 

LINEAR DIFFUSION METHOD : Linear diffusion using a semina l plasma overlay on 

nutrient agar seeded w ith the test organism was not s ati sfactory . Heavy 

growth occurred at the plasma/agar interface even when diffusion was a l lowed 

for 3 hours before incubation at 37 ' C .  

RADIAL DIFFUSION METHODS : Radial diffusion assays gave more sensitive 

measurements of antibacterial activity :  

( a )  F i lter paper discs soaked in seminal plasma and then placed 

on the surface of nutrient agar plates streake d w i th a 

sensitive organi sm ,  gave zones of inhibition of bacterial 

growth to about lmm f rom the disc itself . 

( b )  Wel l s  cut into the agar were ab le to conta in greate r vo lumes 

of the sample to be tested and therefore gave more sensi tive 

1 
FOOTNOTE : I so lated by Shannon et a l  ( 1 974 ) 



responses to seminal plasma antibacteri a l  activity . 

I nitially two drops of semina l plasma were p laced in each 

we l l  u sing a sterile pas teur pipette , but when thi s 

method was se lected as the standard assay technique a more 

accurate measure of 0 . lcm4 
w as obtained u sing an auto

pipette which de livers 50 micro litres at a time ( see below -

CHAPTER 4 . 3 ) . 

( c ) I n  a more ref ined radial diffusion method, metal cylinders 
. 

were tested as re servoirs for tl,le test solution . I n  th i s  

2 3  

method 3 %  agar was used as a n  underlay t o  prevent the cylinders 

from sinking into the agar . The sensitive organi sm was added 

as a second layer in 5 cm
3 

of molten nutrient agar ( 1% agar ) . 
3 

Each cylinder he ld 0 . 3cm test solution . Once these so lutions 

were added to the reservoirs the assay was a l lowe d  to pre-

diffuse 6 hours before 24 hours incubation at 37 ' C .  This 

method was consi derably more laborious than the agar w e l l  

technique although the sensitivi ty was simi l a r .  I t  w a s  therefore 

dec ided that the s impler method wou l d  be used for routine testi ng 

of the antibacterial activity i n  bovine s emina l  p lasma , ( see be low -

C HAPTER 4 . 3 ) . 

( d) A " lysoplate" techniqu e  of radi a l  di ffus ion us ing heat- k i l led 

Mic rococcus lysode ikticus cells incorporated into non-nutrient 

agar has been described as � suitable method for the measurement 

of lysozyme in human secretions (Osserman & �awlor,  1 966 ) . I n  

thi s technique the ac tion of lyso zyme o n  the c e l l  w a l l s  o f  the 

heat- k i l le d  bacteria produces zone s of c le aring about the test 

we l l s  in the otherwise c loudy medium . This method ,  however ,  

pro duced variable results when bovine seminal plasma was used a s  

the test solution , s o  was not investigated further . 

4 . 3  The S tandard Method for the Assay of Antibacteria l  Activity in 
Bovine S eminal P lasma 

The metho d  for the routine testing of antibacterial activity in 

bovine seminal plasma used a radi a l  diffusion technique with the test solutions 

he l d  in w e l l s  punched into agar seeded with the test organism , Micrococcus 

lyso de ikticus unless otherwise s tate d .  

Twenty- four hour cultures o f  M . lysodeikticus on B rain Heart I nfusion 

agar (Difco Laboratorie s ,  Detroit , U . S . A . ) were suspended in s teri le nutrient 

broth ( Difco ) and adjusted to give a reading of 80 in a Klett- Summerson 



colorime ter fitted w i th a blue f i lter ( 400 - 4 60nm ) . 16cm
3 

of sterile 

nutrient agar at 5 0 ' e  was seeded wi th 0 . 24cm
3 

of this ce l l  suspension , 

poured into a pe tri p late 8 . 5cm in diameter and a l lowed to set . To form 

the wel l s ,  ho l e s  were cut in the solidi f i e d  agar w i th a No . 4 cork borer 
3 

and the plugs removed by suction . Each well was f i l l ed w i th O . lcm , of 

2 4  

undi luted semen o r  other test solution . The plates were held at 4 ' e for 

three hours to al low the diffusion of the antibacteria l  factors into the 

surrounding aga r ;  the plate s were then incubated at 3 7 ' e  for 2 4  hours to 

a l low growth of the see de d  bacteria . The diameters of the zones of , 

i nhibition were measured with calipers to the neare st 0 . 2 5 nun .  

T o  enable the assay o f  large numbers o f  samples a large plate a s s ay 

based on thi s system was a lso deve loped .  The ' plate ' used was a 2 5  x 25cm 

glass dish , steri lised by swapbing with alcohol and f l aming . Metal l i ds 

were autoclaved and p laced over the steri l i s e d  plate s . Thes e  plates held 
3 3 , 2 00cm of nutrient agar seeded w i th a constant vo lume ( 3cm ) of c e l l  

suspension at Klett 8 0  from overnight cul tures of ' the t e s t  organism . The 

assay follow e d  that described above . 

C are was taken to standardi se the metho d ;  i t  i s  known that the 

concentration and depth of the agar can effec t the b iological assay of anti-

biotic s (Davis & S tout 1 9 7 1 ) �  The volumes of agar used were held constant 

and a l l  plates were s e t  and incubated on a platform with adjustab l e  legs to 

ensure that the plates were he l d  l eve l at a l l  time s .  The inoculum was a+so 

standardised by adding a s et volume of cell suspension with a constant -

optical density to any g iven volume of agar . The s ample itse lf was delivered 

by an auto-pipette at a set volume . Predi f fusion was a llowed at a uniform 

temperature and, the t ime measured accurately . The temperature of incubation 

was constant , and uneven temperature s wi thin the plates . were minimi s e d  sinc e  

the p lates remained o n  their leve l p la tform and n o  plates were stacked for . 

incub ation . The inhibi tion zones were measu red as c lose as ·  pos s ib l e  to the 

24 hour incubation perio d stipulate d .  

Three s amples o f  pool e d  vasectomised seminal plasma were e ach teste d  

e l even time s  by thi s assay .  The average inhibition zone diamete r and its 
. + + 

standard error about the mean were 16 . 7 5 - 0 . 07nun, 18 . 16 - 0 . 0 9 mm, and 
+ 

18 . 00 - 0 . 0 3nun respec tively . This a ssay i s  the refore highly reproducible 

as a method of measuring antibacterial activity in bovine seminal plasma . In 

addition , other antimicrob i a l  agents can readi ly be assayed under the same 

condition s . 



2 5  

4 . 4  The Standard Referenc e Ass ay for Comparison of the I nhibitory 
Ac tivity of Bovine S eminal P lasma and S e le c ted Antimicrobia l  Agents 

A s tandard reference method was deve loped to a llow comparison of the 

i nhib i to ry ac tivity of bovine seminal plasma and commerci a l  antimicrobial 

agents , during 'the inves tigations of the phys ico-chemical prope rtie s of 

bovine semina l plasma antimicrobial activity . 

Thi s uti lised the agar w e l l  diffus ion technique described above 

( CHAPTER 4 . 3 ) , employing an overnight culture of M . lysode ikticus in B rain 

Heart I nfusion broth as the indicator organi sm, and a ,  nutrient agar growth 

medium modified to contain 0 . 02 2 5M sodium c itrate (CHAPTER 1 4 . 2 )  • For. ease 

of comparison a l l  antimicrobial activities were e xpre ssed as the number of 

" egg white lysozyme units" , i . e .  the number of lysozyme units , which produced 

an inhibition zone of equivalent diameter under the same assay condi tions . 

(FIGURE ONE ) . The regression equ ation for the lysozyme standard curve is 

y = 0 . 7 6 + 0 . l 6x .  A simi lar relationship exists when bovine seminal plasma 

i s  di luted and i t s  activity measured in the same assay system, (FIGURE ONE ) , 

w ith a regre s si on equation of y = 0 . 93 + 0 . 16x . The regres sion coeff�c ient , 

or s lope ,  of the standard curves for both lyso zyme and bovine seminal plasma 

are the same ( 0 . 16 ) , therefore the lysozyme c onvers ion graph c an be used 

successfully to give a quantitat ive measurement of the antimicrobial activity 

pres ent in bovine seminal plasma . 

unit" equ ivalents ( LzU ) .  
e 

This activity i s  expressed in " lysozyme 
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CHAPTER 5 :  TECHNIQUES USED IN THE INVESTI GATION OF �ICROBI AL 
POPULATIONS I N  BOVINE SEMEN 

5 . 1  Media used for the Determination of Tota l Microbial Counts in 
Bovine Se,men 
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B lood-agar plate s were prepared by adding , aseptical ly ,  7% heparinised 

bovine blood to steri ie nutrient broth ( Difco Laboratories , Detroi t ,  U . S . A . ) 

supplemented with 0 . 5% sodium chloride and 1% agar ( Davis Ge latine ( N . Z )  Ltd . , 

Christchurc h ,  New Zealand ) . 

for 15 minutes at 15 Ib/in
2

• 

The basal medium was s teri l i s e d  by auto c laving 
, 3 

' 
Aliquots of approximately 16cm of this ' 

medium were then distributed into petri plates and the agar a l lowed to s e t �  

These prepared b lood- agar plates were then incubate? for 2 4  hours at 3 7 ' C  

before use , to check for bacteria l  cont�mination . P l ates showing s igns of 

bacterial growth after this period of time were di scarded . 

5 . 2 Technique for Total Viable Counts of Microorganisms in Bovine Semen 

Total microbial counts on bovine semen samples were determine d by 
3 

spreading O . l cm of undi luted semen , or from a 1 in 10 di lutio� in s terile 

dis ti l led wate r ,  onto the surface of a b lood- agar plate . An alcoho l and 

f lame steril i sed glass spreader was used to distribute t�e f luid evenl y  over 

the plate . The inoculated plates were incubated at 3 7 ' C  for 4 8  hours and 

then the number of colonies counted . 

5 . 3  Materials and Method used to Te st the Sensitivity of Semen 
Microorganisms to Commercia l ly Availab le Antibiotic s 

The sensitivity of microorganisms isolated from bovine semen to 

commercial ly avai lab l e  antibiotic s  was tested using drug- impregnated discs 

containing thirteen different antibiotic s .  The antibiotics us ed , ' the i r  

conc entration and the i r  mode of action are recorded i n  TABLE I .  

The s e  discs were placed on b lood- agar plates spread wi'th the test 

organism and the assay was incubated for 2 4  hours at 37 ' C .  The diameters 

of zone s of complete growth inhibition ab'out the discs were measured and each 

organism scored for its response to each antibiotic . 



TABLE I .  

ANTIBIOTICS USED TO TEST THE SENSITIVITY OF SEMEN MICROORGANI SMS TO 
, 1 

COMMERCIALLY AVAI LABLE ANTIBIOTICS 

( a )  

Antibioti c s  affecting 
C e ll-Wa l l  Synthesis 

Bacitracin ( 10 units ) 

D-cycloserine ( 5 Omcg ) 

Penic i l lin ( 2  units ) 

Ristocetin ( 3 0mcg )  

( b )  

Antibiotics affecting 
C e l l  Membranes 

Colistin sulphate ( lOmcg )  

Nystatin ( 100 units )  

P o lymyxin ( 100 units ) 

FOOTNOTE : I Concentration pe r dis c  in parentheses . 

( c )  

Antibiotics Affec ting 
Protein Synthesis 

Chloramphenico l  ( 3 0mcg ) 

Erythromycin ( 1 5mcg ) 

Kanamyc in ( 3 0mcg )  

Streptomycil1 ( 2 5mcg )  

Tetracyc l ine ( lOmcg )  

( d )  

Antibiotic acting as 
a Metabo lic Ana logue 

Su lfafurazole ( 2 5 0mcg ) 



5 . 4  Method for Differentiating Semen Microorgani sms Sensi tive to or 
Re sis ·tant to the Natura l Antimicrobial Ac ti vi ty in Bovine 
Seminal P lasma 

To differentiate between those mic roorganisms which were sensitive 
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and those which were resistant to the natural antimicrobial ac tivity present 

in bovine s eminal f lu i d ,  c olonies f rom the tota l count plate s ( CHAPTER 5 . 2 

were c lassified into groups on the basis of morphological types . Observed 

differences in s i ze , co lour and morphology placed the colonies in separate 

c ategories . The number of colonies in each group was recorded and then a 

representative s ample within each group was s treaked onto fresh b lood- agar 

plates using a s teri le cottonwool swab and sterile nutrient broth as a 

wetting solution . One drop of f ilter- sterilised vasectomised seminal plasma . 

was added to the central region of each .s treak . .The plates were incubated 

at 3 7 ' C  for 4 8  hours . Each s treak and hence each microbial group was then 

scored as either re sistant or · sensitive to · the antimicrobial activity of ' 

b ovine s emina l f luid on the basis of whether the organism grew within the 

region covered by the seminal plasma . S ince for each tota l count a l l  

microbial types were counted and tested for thei r  response t o  vasectom�s e d  

seminal pla sma , the re lative numbers o f  re sis tant. and sensitive micro

organi sms present in semen at the time of the total count assay could be 

e s timated .  



CHAPTER 6 :  MEDIA AND METHODS USED I N  T HE  IDENTIFICATION OF SEMEN 
MICROORGANISMS 

Forty-five colonies characteristic of those commonly occurring in 

semen cultures were selected as representative of those microorganisms 
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usually isolated from bovine semen. Their identification was based on the 

eighth edition of Bergey ' s  Manual of Determinative Bacteriology (Bergey 

1974 ) . 

6 . 1  Media for General Microbiological Investigations 

Media in dehydrated form was reconstituted according to the 

manufacturers specifications , and solidified with 1 . 0% agar (Davis Gelatine 

(N. Z . ) Ltd. , Christchurch , New Zealand ) , where a solid medium was required. 

All media was sterilised by autoclaving for 20 minutes at 120 ' C ,  unless 
otherwise stated .  

6 . 1a Blood Agar plates were prepared by adding , immediately before pouring , 
7% heparinised bovine blood to sterile nutrient broth supplemented with 0 . 5% 
NaCl and 1 . 0% agar . 

6 . lb Brain Heart Infusion Broth ,  dehydrated medium (Difco Laboratories ,  

Detroit ,  U . S .A . ) . 

6 . 1c Glucose - Phosphate - Peptone Broth was prepared by adding 5g peptone , 
5g glucose and 5g K2HP04 to 1 litre of distilled water . 

6 . 1d Nutrient Broth , dehydrated medium (Difco Laboratories ) . 

6 . 1e Peptone - Meat Extract Broth was prepared by adding 109 peptone , and 

3g beef extract to 1 litre of distilled water.  

6 . 1f Peptone Water contained 109 peptone and 5g NaCl in 1 litre distilled 
water.  

6 . lg Ringers Solution . Tablet form. (Oxoid Ltd . , London , U . K. ) .  

6 . 1h Tryptone - Yeast Extract Agar, contained 109 tryptone (Difco 
Laboratories ) , Ig yeast extract and 15g agar in 1 litre of distilled water , 

pH 7 . 2 .  

6 . 2  Media and Methods for Specific Biochemical Tests 

The media and methods used for specific biochemical tests during the 

identification of semen microorganisms followed those described by Skerrnan 
( 1967 ) , Blair et al ( 1970 )  and cruickshank ( 1969 ) . 



6 . 2a Acid - Fastness was tested by Ziehl - Neelsen technique ( Skerman 

1967 ) on cells from an 18 - 24 hour blood agar culture at 37 ' C .  
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6 . 2b Catalase Test , Colonies from an 18 - 24 hQur nutrient agar culture 

at 37 ' C  were tested for the production of oxygen and wat er from hydrogen 

peroxide to detect the presence of catalase ( Skerman 1967 ) . 

6 . 2c Carbohydrate Utilisation Medium. The organisms to be tested grew 
poorly in the basal m�neral salts medium of Pope & Skerman ( Skerman 1967 ) , 

therefore a richer peptone broth was used (Cruickshank 1969 ) . This broth 

base consisted of 5g meat extract, 109 peptone , 3g NaCl ,  2g Na2HP04 and 
3 12cm of bromothymol blue indicator in 1 litre of distilled water.  The 

3 bromothymo1 blue indicator contained Ig bromothymol blue and 25cm O . lN NaCl 

in 475cm3 distilled water . 

This medium was sterilised in test-tubes containing inverted Durham 

tubes . The carbohydrates to be tested ( fructose , galactose , glucose ,  

lactose , maltose , salicin) were added separately from 10% sterile solutions 

to a final concentration of 0 . 5% .  

The completed media were inoculated from the growth on 24 hour blood 
agar plates and incubated at 37 ' C .  Each tube was scored for acid 

(bromothymo1 blue indicator turned yellow ) and gas (bubbles collected in 

inverted Durham tube ) production after 1, 2, 3 and 6 days incubation . 

6 . 2d Cellulolytic Activity . A strip of Whatman ' s  No . 1 filter paper was 

placed in a test-tube containing peptone water and autoclaved (Skerman 1967 ) . 
This broth was then inoculated with the test organism and incubated at 37 ' C  

for 2 weeks . The filter paper disintegrated when the test organism was 
cellulolytic . 

6 . 2e Colony Morphology . Descriptions of the colony appearance of the 

microorganisms isolated from bovine semen were obtained from blood agar 
plates at 24 ,  50 and 70 hour incubation times at 37 ' C .  

6 . 2f Davis & Mingioli Basal Medium, was used to test the ability of semen 
microorganisms to grow in a glucose minimal salts medium devoid of nitrogen 

compounds or with ammonium sulphate as the sole nitrogen source .  The basal 

medium contained 20cm3 sterile glucose solution ( 10% ) added to a separately 
sterilised mixture of 7g K2HP04 , 3g KH2P04 , 0 . 5  g sodium citrate and O . lg 
MgS04 in 1 1i tre of dis·tilled water . For the medium containing nitrogen 
compounds 19 (NH4 ) 2S04 per litre was added (Cruickshank 1969 ) . 

Preliminary growth of the test organisms was undertaken in nutrient 
broth at 37 ' C  for 24 hours . The cells were then spun down at 4 , 000 rpm in 
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a Sorvall bench centrifuge , washed twice in Davis & Mingioli basal medium 

minus N compounds and resuspended in the same medium . The se suspensions 

were used to inoculate test- tubes of basal mediu111 and basal medium plus 

ammonium su lphate , which were then incubated at 3 7 ' C .  Turbidity was used 

as , a measure of growth and the tubes were inspected at 1, 2 ,  4 ,  6 and 7 days . 

After the f inal reading each tube was checked for purity by Gram staining 

the culture ( s ee 6 . 2 j )  and examining the preparation for contaminating 

bacteria . 

6 . 2g Eosin - Methylene Blue Agar (Difco Laboratories ), . Escherichia - type ' 

colonie s poss e s s e d  a metal lic sheen , colorle ss peripheries and- dark purple to 

black centre s . Klebsiella - type colonies were larger, mucoi d ,  brownish pink 

centred with a pink periphery . 

6 . 2h Ge latine Hydrolysi s . 10% gelatine (BBL, Divi sion of Becton', 

Dickinson & Co . ,  Cockeysvi l l e ,  Md . 2103 0 ,  U . S . A . ) was dissolved in nutrient 

broth ' ( Difco Laboratorie s )  and sterilised in screw-capped universal bottles . 

These were inoculated and incubated at 3 7 ' C  for 2 weeks . After incubation 

the bottles were cooled at 4 ' C .  Hydro lysis of the gelatine resulted in a 

liquifaction of the contents and no gel formation on coo l ing the me dium . 

(Cruickshank 1 9 6 9 ) . 

6 . 2i G lucose Oxidation/Fermentation Test , followed the recommendations of 

the Subcommittee on t-1icrococcus and Staphylococcus ( 1965 ) .  Tryptone - Yeast 

Extract agar was used for the initial growth of the te s t  organisms . The ' te s t  

medium cons i s ted o f  109 tryptone ( Difco Laboratories ) , I g  yeast extrac t ,  109 

glucose , 0 . 04g bromocresol purple and 2g agar in 1 litre of distilled water . 

This medium was autoc laved in long test- tubes , and j ust prior to use they were 

steamed for 15 minutes to remove any di ssolved oxygen ; they were �hen 

soli dified rapidly in iced water . Heavy , deep inocu lation was followed by 

the addition of a 2 . 5mm l ayer of sterile paraffin oil to the top of the agar, 

and incubation for 5 days at 3 7 ' C .  The production of acid throughout the 

tube caused the bromocres o l  purple to become ye llO\� , and indicated the ability 

of the test organi sm to ferment glucos e . No acid production or the 

production of acid limited to the top of the tube , indic ated that the te st , 

organism could only uti lise glucose oxidatively . 

6 . 2 j Gram Stain was performed on smears from 18 , - 24 hour blood agar 

cultures incub ated at 3 7 ' C  ( Skerman 1 9 67 ) . 

6 . 2k Litmus Mi lk (BBL) . Overheating and the resultant caramelisation was 

avo i ded by fractiona l steam s terilisation for 30 minutes on 3 consecutive days . 

various resul ts could be detected after incubation for 4 8  hours at 3 7 ' C ,  
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inc luding acid (medium pink ) o r  alkaline (medium blue ) reaction s ,  the 

reduc tion of l itmus (medium white ) , peptoni sation (medium watery ) , protein 

coagulation , gas production and s l ime formation . 

6 . 2 1  MacConkey Agar (BBL) . On this medium lacto se fermenters produced 

pink colonies due to the presence of the neutra l red indicator, and . non-

�actose fermenters produced c l ear to trans lucent colonie s .  Mos t  non-enteric 

microorganisms were inhib ited by the b i le s a lts and crystal vio let incorpor

ated into thi s  medium . 

6 . 2m Methyl Red Te s t . Production o f  acid from gluco$e was detected in 4 day 

o l d  glucose - Phosphate - peptone broth cultures ( see CHAPTER 6 . 1c )  b y  the 
3 

addition of a solution of O . lg methyl red in 3 00cm 95% ethanol and 2 00cm3 

distilled water ( Skerman 1 9 67 ) . A positive reaction resulted in a red color-

ation of the broth culture , indicating that the test organism metabolised 

glucose to acid end-product s . 

6 . 2n Mot i l i ty ,  was tested by the direct microscopic examination using the 

hanging drop method of 18 hour nutrient broth cultures ( Skerman 1 9 67 ) . 

Results were confirmed in semisolid nutrient agar cultures containing 0 . 1 3 5 %  

aga r .  These culture s w ere read after 6 ,  24 , 4 8 ;  7 2  and 144 hours incubation 

at both 2 S ' C  and 3 7 ' C  (Cruickshank 1 9 69 ) . 

6 . 20 S lide Cu l ture . A s teri le cover s lip was embedded into :Brain Heart 

I nfus ion Agar at about ·a 3 0 '  angle . The microorganisms were inoculated 

a long the point of contact betwe'en the agar and the glas s ,  an d growth a llowed 

for 3 days at 37 ' C .  The cover s l ip was then removed and the c e l l s  adhering 

to it s tained with methylene b lue and examine d under the microscope for 

evidence of f ragmentation and conidia production (Williams & Cro s s  1 97 1 ) . 

6 . 2p Urease Test . The basal medium (pH 6 . 8  - 6 . 9 ) contained Ig peptone , 

Sg NaC l ,  2g KH
2

P0
4

, Ig glucose , 0 . 012g phenol red and 1 . 0% agar in 1 litre 
3 

of di stil led water . 100cm of 2 0 %  urea solution , s terilised by fi ltration , 

was added to I l itre of autoclaved basal medium, and the agar a l lowed to set 

as slope cultures . These slope s were inoculated with the test organisms and 

incubated for up to 7 days at 3 7 ' C .  A positive urease test was indi c ated by 

the medium turning pink , due to an inc rease in the alkal inity of the medium, 

assoc iated with ammonium production ( Skerman 1 9 67 ) . 

6 . 2q Voges - P roskauer Test . A 4 day o l d  glucose - phosphate - peptone 

broth culture of the tes t  organism was made alkaline by the addition of a f ew 
3 

drops of 10% KOH ,  and then approximately O . lcm of 5% alcoholic alpha-naphthol 

was adde d .  A pink coloration indicated the presence of acetyl methyl carbinol 

or acetoin as the end product of glucos e  metabol i sm (Cruickshank 1969 ) . 
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CHAPTER 7 :  TECHNIQUES USED I N  THE CHEMICAL AND PHYSICAL CHARACTERI SATION 
OF THE I NHIBITORY FACTORS IN BOVINE SEMI NAL P LASMA 

7 . 1 Materia l s  used to Compare the Characteris tics of Bovine Seminal 
Plasma Antimicrobial Activi ty with those of Se lected Antimic robial 
Agents 

The Bovine Seminal plasma used during these investigations i s  

described in CHAPTER 4 . 1 .  

Known antimicrobi a l  agents were also exal'r\ine d for comparison w i th 

bovine seminal plasma antimicrobial activity . 

egg white lysozyme (grade 1 ,  Sigma ) 

polylysine ( type 2 ,  Sigma ) 

The se , were : 

salmine sulphate ( B ritish Drug House Chemicals Ltd . , Poole , 
England) 

and ,  spermidine phosphate (Sigma ) . 
, 3 

Lysozyme , polylysine , and salmine were te sted at concentrations of 5mg/cm 

in di s ti l led water . Spermidine was found to exhibit lower antibacterial 

activity against M. lysodeikticus ( APPENDIX FIVE) and was therefore used at 
3 

2 0mg/cm . 

7 . 2  Method for the I nvestigation of the Effect of Proteolytic Enzymes 
on the Antibacterial Activity of Bovine Seminal P lasma a'nd Selected 
Antimicrobial Agents 

The en zymes used to determine the sensitivity of bovine seminal. plasma 

antibacterial activity to proteolysi s  were subti lisin ( S igma Chemical Co . ,  

P . O .  Box 14508 , St . Louis , Missouri 63 178 , U . S . A . ) , trypsin ( Difco 

Laboratories ) , and thermolysin ( Sigma ) . One volume of the enzyme solution 

( 8mg/cm
3 

in pH 7 . 5 phosphate buffer ) was added to an equal volume of bovine 

seminal plasma or antimicrobial agent solution , and held at 40 ' C  for 3 0  

minutes to permit proteolysis .' The added enzymes were then inactivated by , 

maintaining the test solutions at 60 ' C  for 30 minutes .  After coo ling on ice 

all samples were assayed ( see CHAPTER 4 . 4 ) for inhibitory activity against 

M .  lysodeikticus . 

7 . 3  Method for the I nvestigation of the Effect of Periodate Treatment on 
Bovine Seminal Plasma Antibacterial Activity an d the Ac tivity of 
Selected Antimicrobial Agents 

P eriodate sensitivity was tested by incubating equal volumes ( 0 . 2 5 cm
3

) 

o f  bovine s eminal plasma , lysozyme , polylysine , salmine and spermidine , and 

O . O lM potass ium periodate at 4 ' C  for 18 hours . The excess periodate was 
, ' 3 

then neutra l i sed by adding 0 . 2cm s terile glycerol and heating at 56 ' C  for 

" 
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3 0  minutes . This treatment follows that de scribed by McFerran ( 1 962a ) . 

All samples were then cooled on ice and assayed for antibacterial activity 

(Method described in CHAPTER 4 . 4 ) . 

7 . 4  Ultraf iltration Technique 

U ltrafi ltration was carri e d  out w i th an Amicon ultrafi l tration unit 

(Amicon Corporation , 2 1  Hartne l l  Avenue , Lexington , Mas sachusetts ' 02 17 3 ,  

U . S . A . ) under 2 5  psi oxygen- free nitrogen a't 4 ' C .  The membrane used (XM 5 0 )  

i s  considered to retain molecules w ith a molecular weight o f  more than 

5 0 , 000'. All manuf acturers instructions for handling the membrane and the 

apparatus were followed closely (Amicon Publi cation 4 00-A ,  Ultrafil tration 

and Diaflo Membranes for laboratory and c linical use s ,  1 9 6 9 ) . 

7 . 5 Native Polyacrylamide G e l  Electrophoresis 

Native polyacrylamide gel electrophore s i s  was performed ' in a vertical 

slab apparatus containing approximately 3 0cm
3 

of 7 . 5% acrylamide and 0 . 15% 

N , N  methylene b i s  acrylamide in O . lM Tris (hydroxlmethy l )  aminomethane/ 

G lycine buffer at pH 8 . 6  (Reid & Bieleski 1 9 68 ) . Polymerisation of the 

acrylamide was induced with ammonium persulphate and N , N , N ' , N '  te�ramethyl 

ethylene diamine . The buffer used for running the gel was O . lM, Tris/G lycine 

buffer pH 8 . 6 .  Once the s ample s , which were weighted with 40% sucrose , 

were loaded onto the gel , a current of 10mA was applied for 10 minute s  to 

settle the s ample s into the gel ,  after which the current was increased to , 

2 0mA for separation of the proteins present in the sample s . B romophenol 

blue was used to indicate the time which small molecular weigh t  molecules 

required to migrate the fu ll length of the gel ( approximately 1 . 5  hours ) .  

Electrophoresis towards the anode or towards the cathode was pos s ible by 

altering the connections of the electrodes to the power source ., 

Once the s ample was electrophoresed, protein bands were s tained with 

0 . 02 5% Coomassie B lue in a water : acetic 
'
acid : methanol solution at a ratio 

of 68 : 7 : 25 parts each . After staining the ge l was destained with , and 

the gel maintained, in the s ame w ater : acetic acid : methanol solution . 

7 . 6  Location of Antibacterial Activi ty in Protein Bands Separated by 
Native polyacrylamide Gel Electrophores i s  

, Electrophores i s  of the t e s t  solutions w a s  carried out as described in 

CHAPTER 7 . 5 .  Onc e this was completed the gel was placed in a large sterile 

petri dis h ,  and non-nutrient agar was poured around the ge l to build up the 

surrounds to form a level surfac e .  Thi s enab led a uni form layer of the 

sensitive test organism to be placed ove r  the entire gel .  The ove rlay 
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· 3 3  consi sted of 25cm of molten nutrient agar seeded w ith 0 . 3cm of a 

nutrient broth suspension of Micrococcus lysodeikticus giving a reading of 

5 0  on a Klett � Summerson colorimeter fitted with a blue fi lter (400 -

460nm) • (FIGU� '!WO) • The agar was allowed to s e t ,  the plate prediffused 

for three hours at - 4 ' C  to allow the antibacterial factors to diffuse - out in 

the gel and into the assay agar , and then incubate d for 24 hours at 37 ' C  to 

enable the test organism to grow in the assay medium . The resultant as say 

plate exhibited zones of bacterial inhibition in .those regions where the 

antibacterial activi ty had been distributed in the gel during e le.ctrophore si.s 

(PLATE ONE ) . 

, -



� Polyacrylamide gel 
� Non-nutrient Agar 
Ct-�;F P rotein with no Antibacterial 

�ctivity 

Antimicrobial P rotein 
� Bacterial Growth in Seeded Nutrient Agar 
c==:F No Growth i . e .  Inhibition of Bacteria in 

Seeded N�trient Agar . 

FIGURE �O '!. Schematic Representation of the Sideview of the Overlay Technique for the 

Detection of Antibac terial Activity in Material having undergone Native 

Po lyacrylamide Gel Electrophoresis . 
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PLATE ONE . 
' Inhibition Zones produced by Electrophoresed Cationic Proteins 

from Bovine Seminal Plasma ( 1% acetone precipitated acid 

dialysate , CHAPTER 18 . 1  ) after the Native Polyacrylamide Gel 
( pH 8 . 6  ) was overlaid with nutrient agar seeded with 
Micrococcus lysodeikticus .  

( a )  5 microlitre sample 
( b )  15 microlitre sample 
( c ) 3 0  microlitre sample 
( d )  45  microlitre sample 



C HAPTER 8 :  TECHNIQUES USED TO DETERMINE THE SPECTRUM OF ANTIMICROBIAL 
ACTIVITY OF BOVINE SEMINAL PLASMA 

3 5  

8 . 1  Materials used to Compare the Activity Spectrum of Bovine Seminal 
Plasma with those of Human Seminal P lasma and Selected Antimicrobial 
Agents 

Bovine seminal plasma was collected from vasectomised bulls as reported 

in CHAPTER 4 . 1 ,  and human seminal plasma was obtained from a healthy 

vasectomised voluntee r .  

The selected antimicrobial agents tested i n  conjunction with bovine and 

human seminal plasmas ( lysozyme , polylysine , salmine and spermidine ) ,are 

described in CHAPTER 7 . 1 .  

8 . 2  Techniques for Determining the Bacteria.l Sensi ti vi ty Spectrum of 
Bovine and Human Seminal Plasmas and Selected Antimicrobial Agents 

The bacteria used to determine the sensitivity patterns of micro

organisms to bovine 'and human seminal plasmas and to selecte d  antimicrobial 

agents are listed in TABLE I I . 

These cultures were maintaine d on brain heart infusion agar plates held 

at 4 ' C  after 24  hours incubation at 37 ' C  and subcultured every 14 days . 

The sensitivity o f  each bacterium was determined by the radi al dif fusion 

technique described in CHAPTER 4 0 4 .  For those test organisms which grew 

poorly in citrated nutrient agar, 10% calf serum was added to the assay 

medium.  This did not affect the sensitivity of M.  lysodeikticus to bovine 

seminal plasma and was therefore cons idered a suitable addition to the growth 

medium for more fastidious bacteria . The Haemophilus sp . tested required 

supplements of 10 micrograms/cm3 hemin and 4 micrograms/cm3 NADH . This 

depressed the action of spermidine against M .  lysodeikticus , but the 

Haemophilus sp. proved sensitive to this polyamine , so its response pattern 

was cons idered comparable with the other bacteria tested .  

8 . 3  Techniques for Determining the Sensitivity of Mycoplasmas to Bovine 
and Human Seminal Plasmas and Selected An·timic robial Agents 

The mycoplasmas used to determine the inhibito�7 effects of seminal 

plasma and known antimicrobial agents are listed in TABLE II . 



TABLE I I . 

ORGANI SMS USED TO DETERMINE MI CROBIAL SENSITIVITY PATTERNS TO BOVINE 

SEMINAL PLASMA, HUMAN SEMINAL PLASMA, LYSOZYME , POLYLYSINE , SALMINE AND 

SPERMIDINE 

Gram po sitive Bacteria 

Arthrobacter globiformi s 

Bacillus cereus 

Bacillus cereus v .  mycoides ( 2 )  

B acillus licheniformis 

Gram negative Bacteria 

Acetobacter sp . 

citrobacter freundi i 

Enterobacter c loacae 

Escherichia coli ( 8 )  

Escherichia dispar 

Haemophilus influenzae 

Klebsiella aerogenes 

Bacillus megaterium ( 2 )  

Bacillus stearothermophilus 

Bacillus subtilis 

Corynebacterium diphtheriae 
gravis 

Klebsiella edwardsii v. edwardsii 

Klebsiella sp . 
Corynebacterium diphtheriae 

intermedius 

Corynebacterium diphtheriae mitis 

Corynebacterium hofmanni 

Corynebacterium pyogene s 

Corynebacterium xerosis 

Lactobacillus . bulgaricus ( 2 )  

Lactobacillus casei 

Lactobacillus casei v. alactosus 

Lactobacillus casei v .  rhamnosus 

Lactobacillus plantarum 

Leuconostoc citrovorum 

Leuconostoc me senteroides 

Micrococcus luteus ( 2 )  

Micrococcus lysodeikticus 

Mycobacterium phlei 

Nocardia asteroides 

Staphylococcus aureus ( 8 )  

Staphylococcus epidermidis 

Streptococcus cremoris 

Streptococcus equi 

Streptococcus faecalis ( 3  ) 
Streptococcus lac tis 

Streptococcus mitis ( 2 )  

Streptococcus mutans 

( 3  ) 

Neisseria flavescens 

Neisseria gonorrhoea 

Neisseria meningitidis 

Pasteurella haemolytica 

Proteus mirabilis 

Proteus morgani 

Proteus rettgeri 

Proteus vulgaris ( 2 )  

Providence sp . 

Pseudomonas aeruginosa 

P seudomonas flourescens 

Salmonella ari zonae 

Salmonel la cholerae- suis 

Salmonella gallinarum 

Salmonella newington 

Salmone lla typhimurium ( 2 )  

Serratia marcescens 

Shige lla flexneri 

Shige lla sonnei 

Vibrio angui l larum 

.t-1ycoplasmas 

Mycoplasma arginini 

Mycoplasma arthritidi s  

Mycoplasma hominis ( 2 )  

/ . . .  



TABLE II . ( cont ' d ) 

Gram positive bacteria cont ' d  

Streptococcus pneumoniae 

Streptococcus pyogenes 

Streptococcus salivaris 

Streptomyces sp . 

Mycoplasmas cont ' d  

Mycoplasma ovipneumoniae ( 2 )  
Ureaplasmas ( 2 ) 

FOOTNOTE : Where more than one strain of the same species of bacteria 

was examined, the number of strains tested is  given in 

parenthe ses . 



Mycoplasma species were grown initially in FM4 broth (Frey et al 

1968 ) , modified to contain 0 . 2% arginine hydrochlori de and using phenol 
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red as a pH indicator . The agar well diffusion technique used to de�ect 

growth inhibition by the test solutions , was carri ed out on plates of FM4 
medium solidified with brain heart infusion broth containing 0 . 8% agar . 

For FM4 agar , a more concentrated broth was use d ,  which on addition of 

sterile BHI/agar solution gave a medium of the usual s trength ( the usual 

dilution was 2 FM
4 broth : I BHI/agar solution ) . An aliquot ( 0 . lcm3 ) of 

mycoplasmal broth culture was swabbed onto the surface of the test plate s 

before the wells were cut into the agar . The procedure then followed that 

described in CHAPTER 4 . 3 .  

Ureaplasmas were grown and tested in u 9 broth ( Shepard et al  1 97 0 ) . 

I n  this medium growth is detected by a colour change from yellow to pink , 

indi cating an increase in alkalinity due to the production of ammonia from 

urea . Thus metabolic inhibition or lack of growth i s  indicated by the 

absence of a co lour change . To investigate the effect of bovine seminal 

plasma on ureaplasmas the growth of these organisms in U
9 

medium di luted 

I : I and 1 : 2 with seminal plasma was compared with controls diluted with 

di stilled wate r .  Subculture t o  fresh U
9 

broth after 7 days was used to 

determine the presence of viab le ureaplasmas . Culture onto BHI agar was 

used to detect the pre sence of any contaminating bacteria . 

8 . 4  Techniques to Determine whether Bovine Seminal Plasma i s  
Bacteriostatic o r  Bacteri ocidal 

Overnight cultures of bacteria in brain heart infusion (BHI ) broth 

were adjusted with fresh ste rile BHI broth to give a reading of 20 in a 

Klett- Summerson colorimeter fitted with a blue filter ( 4 0 0  - 460nm) . This 

11 . . d . 1 7 f '  . / 3 ce suspenslon contalne approxlmate ly IX 0 colony ormlng unlts cm • 

Antimicrobial material isolated from bovine semina l plasma by adsorption onto 

DNA was added to the bacterial suspension to give a final concentration of 
3 3 Smg/cm , and the mixture held at 2S ' C .  Aliquots of O . lcm were removed,  

diluted and plated out onto BHI agar at various time interva ls to determine 

the number of viable colony forming units still present in the sample . All 

plates were incubated at 3 7 ' C  for 24 hours . A para llel control containing 

no addi tions was used to record norma l bacterial behaviour over the time 

interva l stUdied.  

This assay was later modif ied : the BHI media described above be ing 

replaced by nutrient broth and nutrient agar . 



CHAPTER 9 :  TECHNIQUES USED I N  THE I SOLATION OF AN ANTI MICROBIAL 
FACTOR FROM BOVINE SEMI NAL PLASMA 

9 . 1  The Kje ldahl - Gunning Digesti on and Cri smer Modified van Slyke & 
Hiller Procedure for Ammon ia Determ�nation i used as a Measure of 
the Protein Content (Microgram N/cm plasma ) of Crude Preparations 
o f  an Antimicrobial Compound from Bovine Seminal Plasma . 

I nitially the amount o f  nitrogen pre sent in semina l  plasma 
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extraction samples was determined by converting nitrogenous compounds to 

ammonium sulphate by Kj eldahl - Gunning H2S04 digestion using copper sulphate 

as the c atalyst . These digestion samples , howeve r ,  gave a yellow/orange 

coloration with the Chri smer modified Van Slyke & Hiller proce dure for the 

colorime tric quantitation of the ammonia re leased by the digestion . On 

te sting the reagents used in the digestion , it was found that the copper 

sulphate catalyst cross- reacted with the phenate - chloramine T solution used 

to determine the presence of ammonium salts . A substitute catalyst was 

therefore require d  for the Kj eldahl - Gunning digestion : Selenium dioxide 

( 0 . 8% in H2S0
4

) proved satisfactory (Vogel 1 9 5 1 ) . 

described be low : 

The revised procedure is  

3. 3 Kjeldahl - Gunning Digestion : lcm samp l e ,  1 cm concentrated 

sulphuric aci d ,  0 . 8g K2S04 , 0 . 1  cm3 of 0 . 8% selenium dioxi de in concentrated 

H2S04 , and 2 � 3 glass beads were placed in Kj e l dahl digestion flasks and 

heated over mic roburners until white fume s were forme d .  The heating was 

continued more strongly unt i l  30 minutes after the fumes had disappeared and 

the solution had cleare d .  The contents o f  the flasks were then transferred 
3 

quantitatively into lOOcm vo lumetric f lasks , the pH brought to neutra l i ty 

with 5M NaOH (using i ndicator paper) and the solution was made up to the 

correct vo lume w ith distilled water . The Kj e l dahl flasks were rinsed twice 

w i th disti lle d water during the transfer to ensure all  the contents of the 

f lasks were transferre d .  

The Crismer modification o f  the Van Slyke & Hiller procedure for the 

determination of ammonium salts in the digested samples used chloramine T 

in place of the hypochlorite solution in the original method (Com�ay 1957 ) . 

2 cm3 
of the dige sted sample ( in lOOcm3 disti l led water at neutral pH) was 

added to 1 cm3 sodium phenate solut ion ( 25g phenate in a small quantity of 

di sti l led water ,  added to 50 cm3 4 0% NaOH and diluted to lOOcm3 with ammonia-
3 free water ) , and 3 cm 5% Chloramine T solution . The se solutions were mixed 

well and then heated for 10  minutes in a boiling water bath . After 

cooling , the absorbanc e of the blue colour which developed was measure d on a 

Hitachi Spec trophotometer model 101 with a tungsten lamp and the fi lter lever 



in position W3 ( 600 - 900nm) . The wavelength selected was 610nm since 

a 10 microgram/cm3 solution of ammonium sulphate gave a plateau over this 

wavelength (FIGURE THREE) in a Unicam SP800 scanning spectrophotometer. 

The standard curve used to determine the amount of Nitrogen in the 

test samples is  recorded in FIGURE FOUR, using ammonium sulphate as the 
ammonium source . 

9 . 2  Techniques in Ion Exchange Chromatography of Bovine Seminal Plasma 

9 . 2a Resins Investigated during Ion Exchange Chromatography Studies 
of Bovine Seminal Plasma 
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Several different cationic resins were studied to determine which 

resin preferentially adsorbed the proteins associated with the antimicrobial 

activity of bovine seminal plasma . The resins tested were : 

(a )  Arnberlite IR - 120 (BDH Ltd . ) a strongly acidic cation exchanger 

with S03H as its functional group . I ts exchange capacity is  

unaffected by pH, and its exchange rate is  rapid. 

separation of peptides and amino acids . 

Used for the 

(b ) Amberlite IRC - 50 (BDH Ltd . )  a weakly acidic cation exchanger, 

increasing in capacity with increasing alkalinity since it has a 

high affinity for H ions . Having COOH as its functional group , 

it  is capable of being buffered, and almost any ratio of salt form 
to free acid ion can be obtained by treating the resin to a large 

excess of the appropriate buffer solution . Thus exchange is  
possible at a controlled pH . Used in the treatment of amino acids , 

enzymes etc . 

( c )  Dowex 50 - XA (BDH Ltd . ) a strongly acidic cation exchanger with 
S03H functional group. pH has no effect on its exchange capacity 
and exchange rate is rapid. 
and amino acids . 

Used for the separation of peptides 

(d )  Sephadex SP c 25 (Pharmacia Fine Chemicals , Uppsala , Sweden) , a 
strongly acidic cation exchanger with a C3H6S03H functional group . 

This resin is in a bead form with a high charge density on the 

surface . Very high molecular weight polymers are unable to penetrate 

the bead and therefore there is little non- specific adsorption . 

( e )  

Used for peptides ,  small proteins and low molecular weight solutes . 

Whatman CM (W . & R.  Balston (Modified Cellulose ) Ltd . , Springfield 
___________ 

32 Mill ,  Maidstone , Kent ,  England) , 

a weakly acidic exchanger , with COOH group as the functional moiety . 
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FIGURE THREE : 
Absorbance Spectrum using a Unicam SP800 

Spectrophotometer ) of Ammonium Sulphate ( 1 0  microgram/cm
3 

) ,  

using the Crismer modified Van S 1yke & Hiller Procedure for 

Ammonia Determination . 
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F IGURE FOUR : 
Standard Curve for Ammonium Sulphate in Crismer modified 

Van Slyke & Hiller P rocedure for Ammonia Determination ( used 

to determine the amount of ammonia present in whole , and c rude 

extracts of , bovine s eminal plasma after Kj eldahl-Gunning 

Diges tion ) • 

0 =  Bovine seminal plasma ( 1 .' 2 0  
11 =  Bovine seminal plasma ( 1 : 5 0  
.A =  Crude extract ( acetone prec ipitated dialysate , 

3 5mg/cm :i 
1:.. = .  Crude precipitated dialysate , 1 0mg/cm-extract ( acetone 



I t  has rapid uptake and release especially of high molecular weight 

biopolymers , and is kinetically compatible with large biopolymers , poly 

electrolytes ,  proteins , enzymes ,  etc . 

9 . 2b Buffers used in Determining the Choice of Resin for Ion Exchange 
Chromatography of Bovine Seminal Plasma 

3 9  

The buffers tested for ion exchange chromatography were all of 

0 . 05 molar ionic strength and within pH 0 . 05 of the stated pH (Dawson et 

al 1969) . Their compositions are listed in Table III . 



P H .  

7 . 6  

8 . 0  

8 . 6  

9 . 0  

9 . 6  

TABLE I I I . 

BUFFERS USED TO DETERMI NE THE OPTIMUM CONDITIONS FOR ION EXCHANGE 

CHROMATOGRAPHY OF BOVINE SEMINAL P LASMA 

Compounds 

Tris (hydroxymethyl ) aminomethane 

HCl 

Diethylbarbiturie acid 

Sodium die thylbarbiturate 

Amounts of Constituents 

(All made up to 1 litre ) 

3 
4 2 . 7  em O . lM 

3 
3 04 . 9  em O . OSM 

3 
lS 8 . 4  em O . SM 

3 
100 em O . SM 

1 . 83g 

10 . 3g 

2 0 0em
3 

0 . 1 2SM 

68 . gem
3 

O . SM 

3 
2 9 6 . 4em O . lM 

1 3 6 . 4em
3 

O . OSM 



9 . 2c Determination of the Most Effective Resin and the optimum 
Conditions for Adsorption o f  the Antimicrobial Activity in 
Bovine Seminal P la sma 

To determine the mos t  effective resin and the optimum conditions 
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in which the resins would adsorb the protein ( s )  responsib le for the anti

microbial activity of bovine seminal plasma , 0 . 5g of each resin was pre

treated according to the manufacturers specifications and then 

equilibrated w ith each of the buffers until there was no longer any change 

in the pH of the buffer after contact with the resin . To ensure that the 

Unicam Spectronic 800 absorbance scans of the treated sample s after contact 

with the resins were not affected by the propertie s  of the buffers them

selves or any alteration occurring in the buffers from the presence of the 

resins , scans were made of sample s of the various buffers in contact w ith 

the resins after equilibrium was reached . No significant alterations 

occurred at absorbances between 2 7 0  - 3 00nm in buffers at pH 7 . 6 ,  8 . 0 ,  9 . 0  

and 9 . 6 .  The barbiturate buff e r  at pH 8 . 6 ,  howeve r ,  interfered with the 

absorbance in this range and therefore protein absorbance readings at thi s 

pH were not possible . 

Once the resins were equilibrated, they were placed in centrifuge 

tubes and a l l  excess moisture was removed by c entrifugation at 2000 rpm 
3 

followed by the discarding of the supernatants .  A 6mg/ctn suspension of 

acetone prec ipitated material from the aci d  dia lysis of bovine seminal plasma 
( se e  CHAPTER 18 . 1 ) , in each appropriate buffer was fi ltered t.hroug·h Whatman 

3 
No . 1 fi l ter paper and then 3 cm was added to each resin samp le , previously 

equilibrated with the same buffer.  The se mixtures were shaken continuously 

for 30 minutes to allow maximum contact between re s in and the antimic robial 

factor ( s )  • The supernatants were then collected by spinning down the resin 

at 4000 rpm for 5 minutes . The absorbances of the se supernatants ( di luted 

1 : 3 . 5  in the appropriate buffer)  were recorded on a Unicam SP 800 

spectrophotome ter,  us ing di stilled water as the reference solution and using 

the appropriate buffer solution to zero the instrument .  

9 . 2d I on Exchange Column Chromatography o f  a Crude Extract o f  the 
Antimicrobial Activity in Bovine Seminal P lasma 

References used to gain a knowle dge of Chromatographic techniques 

were : Sober & Peterson ( 19 5 8 ) , Morri s  & Morris ( 1964 ) and Heftmann ( 1967 ) . 

The res in use d ,  Amberlite IRC - 5 0  was equilibrated with large volumes 

of pH 8 . 6  Tri s/Hel buffer w ith ionic strength of 0 . 05M, until the pH of the 

buffer remained stab le on contact w ith the res in . '1'he resin/buffer mixture 

was then deaerated under vacuum before pouring into the column , which was 
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partially f i lled with buffer and allowed to run . This removed any air 

trapped in the collection wel l ,  tubing etc . ,  and enabled the slurry to 

settle through a liqu i d  when poure d .  A buffer reservoi r  w a s  then 

c onnected to the top of the column extension and the column allowed to 

run for 1 hour to a llow c orrect settling of the resin and the removal of 
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any re sin debri s .  When the res in was adequately settled the base runoff 

was closed to prevent buffer drainage and hence drying of the top of the 

column , and the column extens ion was remove d .  The applic ator top attached 

to the reservoir was then placed in position on the top of the column and 

the column allowed to run . This ensured a f inal pack�ng of the res in ,  and 

enabled a che c k  on the equilibrium state , f low rate adjustment 

( approximately 16 - 2 0  cm
3

/cm
2 

column area / hour) and fraction collecti on 

prograrruning . 

The sample was acetone prec ipitated material ( see CHAPTER 18 . 1 ) in 

Tris / HCl buffer , f iltered through a number I' Whatman ' s  fi lter paper .  The 

sample was added to the column w ith a syringe via a three way valve in the 

reservoir tubi ng leading to the top of the column . After application of 

the s ample , the column was l eft to stand for 30 minutes to allow adsorption , 

and then the run commenced with the primary buffe r ,  which remove d  nonadsorbed 

material from the c olumn . The adsorbed prote ins were removed from the 

column by stepwise e lutions of increasing ionic strength ( 1 =0 . 075 , 0 . 1 , 0 . 2 ,  

0 . 5 )  • Stepwise elution has less resolution than elution under an increasing 

gradient but rapid pre liminary enrichment was poss ible . Sample volume s 
3 

col lecte d  off the columns were 10cm aliquo,ts unless othe rw i se stated .  

The columns used were produce d  by Wright Scientific Ltd . , Englan d .  

C olumn I ,  with diameter 1 . 6cm and length 30cm, had a volume o f  60cm
3 

and 
3 

was f illed w ith approximate ly 40g of resin . The sample added was 2 . 5cm of 
3 

a lOmg/cm so lution of acetone prec ipitated material ( see CHAPTER 18 . 1 ) in 

Tris/HCl buffe r .  ( N . B . :  in preliminary e xperiments 0 . 5g of resin adsorbed 

all of the antimicrobial activity in 3cm
3 

of 6mg/cm
3 

solution L e .  18mg 

prec ipitate . The sample added to Column I contained 25mg prec ipitate which 

could be adsorbed by 2g of resin . The optimum c olumn functions when the 

top 10% of the resin i s  able to adsorb the applied prote in . Thus this 

sample is we l l  w ithin the capabil ities of this column) . Column I I , with 
3 

diameter 2 .6cm and length 20cm, had a volume of 106cm and was filled with 
3 3 

approximate ly 60g of resin . The sample added was 5cm of a 6mg/cm 

solution of acetone precipitated material in Tri s/HCl buffer . Thi s  was 

also well within the optimum sample size for a column of this volume . The 
3 

aliquots collected during the stepwise e lution from this column were lOcm 
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samples for the first thirty tubes and then smal ler ( 5  cm
3

) aliquots were 

col lected .  

Protein absorbance of the e luate s were measured a t  2 80nm on a Unicam 

SP 1800 UV spectrophotomete r ,  us ing a Deuterium lamp , 0 . 4nm s l it w i dth, 

1 . 2nm band wi dth , with sterile di s t i l led water as the reference solution and 

the appropriate buffer to zero the instrument . 

Fractions with measurab l e  protein absorbances were assayed for anti

bacterial activity afte r  concentrat ing to 1/ 1 0  the volume over H
2

S0
4 

under 

vacuum at 4 ' C .  The as say proc e dure is described in CHAPTER 4 . 4 .  
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CHAPTER 10 : TECHNIQUES USED TO ISOLATE AND CHARACTERISE AN ANTIMICROBIAL 
FACTOR ISOLATED FROM BOVINE SEMINAL PLASMA BY ADSORPTION 
ONTO DEOXYRIBONUCLEIC ACID 

10 . 1  Determination of the Optimum Conditions for Adsorption of the 
Antimicrobial Factor onto DNA 

For these studies highly polymerised DNA (Sigma type V , Na salt from 

calf thymus ) was used. 

or active proteins . 

Lower grades resulted in little recovery of DNA 

The highly polymerised DNA was added ' to bovine seminal plasma samples 

and contact was maintained for 1 hour (unless otherwis'e stated) at ambient 

temperature with occasional shaking, to allow adsorption of the antimicrobial 

factor onto the DNA. Once the factor was adsorbed onto the DNA, the 

solubility of this complex was decreased by bringing the seminal plasma -
DNA solution to 0 . 14M salinity . (The NaCl concentration of bovine seminal 

plasma is approximate ly 2 . 6mg/cm3 (Mann 1964 ) , a 0 . 14M solution contains 
3 3 8 . 18mg/cm , therefore 5 . 58mg/cm NaCl must be added to bring the seminal 

plasma to this  salinity) . The DNA - protein complex is  insolub le at this 
concentration (Busch 1965 ) , and can be recovered by centrifugation at 4000rpm 

for 20 minutes ; this yields a supernatant containing the residual a.nti
microbial activity not adsorbed by the DNA and a pellet of the DNA - active 

factor complex . This pellet was washed (three times ) in 0 . 14M NaCl to remove 
contaminating proteins lightly bound to the DNA . The activity of these 
solutions was measured by radial diffusion assay described in CHAPTER 4 . 4 .  

Little antibacterial activity was present in the final wash solution . 

The activity present in the supernatant and the combined washes 

indicated the amount of activity not strongly adsorbed onto the DNA . Thus 
the amount of antimicrobial activity adsorbed onto the DNA can be calculated 
from the total activity present in untreated seminal plasma minus the 

activity present in the supernatant and washes after DNA treatment , i . e . the 

amount was calculated by the difference . 

10 . 2  Protein Determination by Method of Lowry et al ( 1951 ) , used to 
measure the protein content of Material I solated from Bovine Seminal 
Plasma by Adsorption onto DNA. 

The final measurable color of this method results from a biuret 
reaction of the protein with Cu ions in alkaline conditions and the reduction 

of phosphomolybdic - phosphotungstic reagent by tyrosine and tryptophane in 

the treated protein . 



The solutions needed are : 

( a )  2% Na
2

c0
3 

i n  O . lN NaOH . 

(b) O . S% CUS0
4

. SH
2

0 in 1 . 0% sodium or potassium tartrate . 
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( c )  
3 . 

3 
S O  em of solution ( a )  and lcm of solution ( b ) . Mixed 
freshly each time . 

( d )  Folin - C iocalteu reagent (BDH Chemicals Ltd . )  
diluted to .1 N acid .  

3 
The protein sample ( 2S - SOO microgram protein) in 1 em was 

Scm
3 

of solution ( c )  and al lowed to stand lS minutes or more . 

mixe d  with 
3 

Then O . Scm 

of Folin - Ciocalteu reagent was added rapidly and left 30 minutes . 

Colorimetric readings were taken at S OOnm on the Unicam SP 1800 spectre-

photometer , with 0 . 06nm slit width and 0 . 2nm band w i dth . 

as the standard reference protein (FIGURE F IVE) • 

Lysozyme was used 

1 0 . 3  Discontinuous Diafiltration of DNA- isolated Antimicrobial Material 
to Remove Citrate I ons from Solution 

Di scontinuous diafi ltration was performed at pH 2 . S ,  us ing a UM 2 

u ltrafi lter (with neutra l charge and a molecular weight retention of 1 , 0 0 0  

dalton s )  in a n  Amicon ultrafiltration cell . 

Antibacterial material can be harvested from bovine seminal plasma by 

adsorption onto DNA . The harvested DNA- protein complex i s  di ssoc iated in 

the pre sence of citrate ( 2 . �M) , and the released DNA prec ipitated with SO% 

ethanol (CHAPTER 19)  • By di luting thi s  protein - c itrate - ethano l 

solution 1 : 10 with pH 2 . S  HCl to enhance the dissociation of citrate f rom 

the antibacterial factor , and then concentrating to the original volume under 

2S psi oxygen - free compressed nitrogen gas , the final concentration of 

the membrane permeab l e  solutes ( c itrate and ethanol )  was greatly reduc e d .  

Thi s dilution and reconcentration w a s  performed three times . The final 

solute concentration was 
Sf = Si x ( d )

n 

where Sf is fina l solute concentration , Si i s  initial solute concentration , 

d i s  the di lution factor and n i s  the number of times the dilution was 

performed i . e .  
Sf = 0 . 2 SM x ( 10

- 1
)

3 
or 2 . S x 10

- 4  t-1 . 

10 . 4  As say to Determine the Amount of Citrate P re sent in Samples of 
Antimicrobial Material I solated from Bovine Seminal P lasma by 
Adsorption onto DNA . 

The amount of c itrate present in solutions of DNA- i solated material 

was measured by the co lorimetric proce dure described by McArdle ( 1 95 5 ) , us ing 

samples deproteini se d  by trichloroa.cetic acid prec ipitation ( 1  :. 6 .  S di luti.on 
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P rotein concentration ( mg ) 

F IGURE FIVE : 
Standard Response Curve for the Lowry Protein 

Determination ( Lowry et al 1 951 ) . Lysozyme used as 

the reference protein . 

0 :::: Bovine seminal plasma ( 1. : 200 ) 3 .!l = DNA - isolated antibacterial factor ( 2 .  5mg/cm ) 
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with 1 0 %  TCA solution) • 
3 

Deproteinised sample s  ( Scm ) were acidif ied 

with an equal volume of 3 3N H SO and after 10 
2 4 

minutes ,  5cm
3 

of a 1 . 984% 

potas s ium b romide - 0 . 544% potassium bromate - 1 . 2 % sodium vanadate 

solution was added and the mixture incubated at 30 ' C  for 20 minutes . 

Traces of bromi de still present were removed by the addition of 3cm3 of 22%  

FeS0
4 

in IN H
2

S04 • The derivatives from this reaction were then absorbed 

into 6 . 5cm3 of light petroleum, which was washed with di stilled water to 

remove any acid traces . Any remaining water was then extracted by adding 

anhydrous Na2s04 • The color deve lopment occurred after th e addition of 
3 4cm of a 4% thiourea - 2% sodium borate - 0 . 2% Na2S .  9 H ° solution to . 2 3 Scm of the petroleum extract . Thi s combination was mixed for 1 . 5  minutes 

by bubbling with nitrogen , and then the yellow aqueous layer was pipetted 

into cuvettes and its absorbance at 5 00nm recorde d .  The results for the 

standard assays using sodium citrate are recorded in. FIGURE SIX . 

1 0 . 5  Sodium Dodecyl Sulphate ( SDS) Polyacrylamide Gel Elec trophoresis 

SDS polyacrylamide gel electrophoresis was carrie d  out in a gel slab 

apparatus (Reid & Bieleski 1968)  using 15% acrylamide and 0 . 085% N , N  methylene 

bis acrylamide in O . lM Tris/Glycine buffer and 0 . 1% sodium dodecyl sulphate . 

After polymeri sation was complete the ge l was pre run for 3 0  minutes at 150 

volts to remove unpolymeri sed acrylamide and excess polymerising agents . The 

protein sample s ( 10mg/cm3 ) were suspended in 1 . 0% SDS and 1 . 0% beta mercapto 

ethanol in O . OlM Tri s/glycine buffer and boi led 2 minutes before cooling and 

applying to the gel . Suc rose ( 4 0% w/v ) was added to each protein solution 

to weigh down the sample , and unless otherwise stated ,  30 mic rolitres of 

these solutions were added by a micropipette to each well in the polyacryl-

amide g e l  slab . Once the samples were added,  the voltage was held at 40  

volts for 15 minutes to settle the proteins into the ge l ,  and then inc reased 

to 150 volts for 2 hours . After the run proteins were staine d with 0 . 2 % 

Coomassie blue in a solution of 5 volumes methanol : 5 volume s water :  1 volume 

acetic acid . Contrast was improved by de staining the surrounding gel with 

a solution of 4 vo lumes methanol : 15 volumes water:  1 volume acetic ac i d .  

Molecular weights can b e  calculated by the di stance a protein migrates from 

the origin during the elec trophoretic run , compared to the migration of 

protein standards of known molecular weights (Weber et al 197 2 ) . 

The protein standards used to determine the molecular weight of the 

antimicrobial factor isolated from bovine seminal plasma by DNA extraction 

process were : Bovine serum albumin , molecu lar weight 1 3 6 , 000 & 68 , 000 

daltons (F luka , A . G . Chemi sche Fabrik . 9470 Buchs , · Switzerland ) • 



FIGURE SIX : 

S 0·3 
� o o LC) 

2 3 4 5 

C itrat e  Concentration 3 
( 100 microgram/em 

6 

Spectrophotometric Readings at S O Onm for the Standard 

citrate Assay , used to determine the amount of c itrate present 

in antimicrobial material isolated from bovine seminal plasma 

by adsorption onto DNA, and to fol low the removal of citrate 

from thi s  material by diafiltration . 

6 ==  DNA isolated material af ter diafi ltration 
A ==  1st effluent after diafi ltration 
"f' ==  2nd eff luent after diafi ltration 
+ ==  3rd eff luent after diafi ltration 



Lactic dehydrogenase , molecular we ight 3 6 , 000 (Type V , S igma ) . 

Trypsin , molecular weigh t 2 3 , 3 0 0  <crysta lised from beef pancreas , 
BDH) • 

Myoglobin , molecular weight 17 , 2 00 (Mann Research Laboratories 
I nc . ,  Divi sion of B ecton , Dickinson & Co . ,  New York , U . S . A . ) .  

Haemoglobin , molecular weight 15 , 5 0 0  (Type I ,  Sigma ) . 

Lysozyme , molec�lar weight 14 , 300 (Grade I ,  Sigma) . 
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RESULTS PART ONE. 

THE MICROBIOLOGY OF BOVINE SEMEN AND ITS RELATIONSHIP TO THE 
ANTIBACTERIAL ACTIVITY PRESENT IN THI S  SECRETION 

CHAPTER 1 1 :  MICROBIAL POPULATIONS IN BOVINE SEMEN 

11 . 1  The total Mic robial Populations of Bovine Semen 

Semen was examined from eighteen bulls sampled during normal 

artificial breeding collections . Of these , four bulls ( 2 2% )  were 
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sampled only once , three ( 17 % )  were sampled 2 - 3 times and eleven ( 61% ) 

were sampled more than four times . The total number of ej aculates in the 

survey was I ll . APPENDIX ONE records the total number of viable micro-

organisms present in indivi dual semen samples collected on the days 

mentione d .  APPENDIX TWO records similar find�ngs for paired e j aculates 

collected from the Same bull within a few minutes of each other . 

The total number of microorganisms in semen was found to vary 

considerably . 
o / 3 organ� sms cm , 

I ndividual total counts ranged from 3 x 10 ' to 5 . 6  x 105 

with a logarithmic average of 3 . 2 8  x 1 03 colonies/cm3 • 

FIGURE SEVEN records the di stribution of colony counts for III samples of 

semen from 18 bull s .  From this it can be seen that 5 2 %  of the semen 
. 3 samples containe d microbial popUlations within the range 1 . 0  x 10  to 

1 . 0  x 104 organi sms/em3 • A further 1 9% had populations of more than 

1 0 X 10
4 0 / 3 h O I  9 f h 1 0 d 1 h • organ�sms cm , W � e 2 % 0 t e samp e s  conta1ne ess t an 

1 0 103 0 0 / 3 
• x m1croorgan� sms cm • The se variations \vere not due to bulls pro-

ducing semen with characteristically high or low viable counts , but rather to 

the day to day fluctuations which occurred in the microbial numbers in semen 

from apparently healthy animals (FIGURE EIGIrr) • These day to day 

fluctuations in microbial popUlations of semen from individual bulls was 

reflected in both first and second ej aculate populations (FIGURE NINE ) . 

The number of microorgani sms present in semen samples from bulls of 

different breeds di d not vary signif icantly . There was too great a 

f luctuation in the microbial populations within each breed to enable 

dif ferences between breeds to be apparent . The logarithmic average of the 

total counts for semen from Fres ian , Charolais and Hereford bul l s  were 
3 

c:: 10 3 3 0 0 / 3 3 . 69 x 10 , 3 . ::> 6 x , and 1 .  9 9  x 10 m1croorgan�sms em semen respective ly . 

Although the wide individual fluctuations mean that the apparent 

difference between microbial populations , in first and second e j aculates .. IC:'S 

not statistically significant , there was a consistent trend to lower 
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I ndividual Bovine S emen Sample s .  

[J Percent tota l number of semen samples 
� Percent first e j aculates 
� Percent second e j aculates 

x 1 0 1 2 
to 5 x 1 0  

x 1 0 2  to 1 x 1 0 3 

1 x 1 0 3 to 5 x 1 0 3  

5 x 1 0 3 to 1 x 1 04 

1 x 1 04 to 5 x 1 0  4 

5 x 1 0  4 to 1 x 1 0 5 

more than 1 x 1 05 
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bacterial numbers in the second e j aculate when two sample s were obtained 

within a few minutes of each other . Thi s is similar to findings by 

Salisbury et al ( 1 9 3 9 ) , Almquist et al ( 1949b )  and Sorel ( 1 96 1 ) . In . this 

survey, the logarithmic average for first ej aculates in the 25 pairs 

examined was 3 . 6  x 103 microorganisms/cm3 semen, and for the second 

e j aculates 1 . 96 x 103 microorganisms/cm3 semen . 17 of the 25  pairs ( 68% ) 

of e j aculates had higher counts in the first sample collected than in the 

second e j aculate . Evidence of such a lowering of the microbial population 

in repeated semen collections was also seen in the relative distributions of 

the total counts between first and second e j aculates (FIGURE SEVEN ) . �ong 

first e j aculates 25% of the samples contained populations of more than 

1 4 . . / 3 . h . 1 1 . 0  x 10 m�croorgan�sms em , compared w�t 8% of second eJ acu ate samp es . 

1 1 . 2  Estimation of the vari ety of Microorganisms Occurring in each 
Semen Sample 

Colonies from the total count plates were differentiated on the basis 

of their morphological appearance ,  and the number of distingui shable types 

recorded for each semen sample . These results are shown in column ( c ) , 

APPENDIX ONE . 

Cultures of bovine semen yielded from one to nine different colony 

types with a mean value of approximately four distinguishable colony types 

per semen sample (FI GURE TEN ) . When the microbial population� of paired 

e j aculates were examined the average value for the number of different 

microbial colony types present in the first e j aculate was 4 . 4 ,  and for a 

second semen sample collected a few minutes after the first , the average 

value was 3 . 5 .  This apparent difference was statistically significant at 

the five percent confidence level (using the t test for the comparison of 

the two populations , see Bailey ( 1968 ) ) .  A second e j c,,;!.culate , therefore , 

contained fewer colony types than did the first sample collected on the 

same day . 

1 1 . 3  The Types of Microorgani sms Commonly I solated from Bovine Semen 

Forty-five colonies �haracteristic of those commonly occurring in 

semen cultures on blood agar plates were se lected for further study . The 

de scription of each organism (APPENDIX THREE) was compi led using the techniques 

and media described in CHAPTER SIX . The subsequent identification of 

these isolates was based on the comprehensive key to the identification of 

genera of bacte ria described in Skerman ( 1967 ) . These classi fic ations 

have been updated to conform with the current eighth edition of Bergey " s  
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Manual of Determinative B acteriology ( 1 97 4 ) . 

The most common bacterial genera represented by the selected 

i solates were Bacillus ( 9  isolate s ) , Corynebac terium (8 i solate s ) , 

4 9  

Micrococcus (7 isolate s ) , and Pseudomonas ( 4 i solate s ) . others occurring 

with a lower frequency were Aerobacter ( 2  i solates ) ,  Alcaligenes , 

Arthrobacter,  B revibacterium, Escherichia ( 2  isolates )  F lavobacterium , 

Herellea ( 2  i solate s ) l , Microbacterium, Nocardia , Proteus , sarcina
2 , and 

Staphylococcus . Two ' yeasts were also identified, Candida guilliermondii 

and Rhodotorula rubra . 

Full descriptions of the morphology , colony characteri stics and 

b iochemical re sponses of these organi sms are contained in APPENDIX THREE . 

The bulls used in New Zealand artificial bree ding centres are 

carefully monitored for infection with specific bovine venereal disease s ,  

s o  it is not surprising that Campylobacter fetu s ,  Mycobacterium 

paratuberculosis ,  Brucella abortu s etc . were not i solated from the semen 

sample s  investigated . 

No attempts were made to i solate viruses or mycoplasmas from bovine 

semen or seminal plasma . 

11 . 4  The Antibiotic sensitivity of Microorgani sms I solated from Bovine Semen 

A range of thirteen antibiotic s (TABLE I )  were tested against thirty-

nine strains of microorgani sms i solated from bovine semen . Of the s e ,  

three (chloramphenicol , penicillin and streptomyc in) are routinely u s e d  i n  

semen extenders under New Zealand conditions . The response of these micro-

organi sms to each antibiotic were scored as being sensitive or resistant 

according to whether or not a zone of inhibition was produced about the 

antibiotic- impregnated disc in the sensitivity test (CHAPTER 5 . 3 ) . The 

results are summarised in APPENDIX FOUR . 

The proportion of strains sensitive to each antibiotic was given as 

an index of effectivenes s ,  and may be used to compare the overal l  efficiency 

of different antibiotic s .  As can be seen from TABLE IV , the antibiotics 

tested varied considerably in their effectivene ss . Two of the antibiotics 

routinely used in semen extenders , streptomycin and chloramphenicol , 

appeared to have satisfactory powers of antibacterial activity but penic illin 

was of low effectiveness . 

The relative sensitivity of the mic robial genera to the antibiotic s 

i s  contained in TABLE V .  The index of resi stance represents the propor-tion 

FOO'l'NarES : 1 ,  cur'rently c lassified as Acinetobacter (Bergey 1974 ) 

2 ,  currently classified as Micrococcus (Bergey 1974 ) 



TABLE IV.  

THE RELATIVE EFFECTIVENESS OF SELECTED ANTIBI OrICS ON 
MICROORGANI SMS FROM BOVINE SEMEN 

I ndex of 
Antibiotic Number of Strains Effectiveness 

Resistant Sensitive 

Streptomycin 4 3 5  

Chloramphenicol 6 3 3  

Kanamycin 6 3 3  

Coli stin 9 3 0  

Polymyxin 9 30  

Tetracycline 9 3 0  

E rythromyci n  1 4  2 5  

Ristocetin 1 5  2 4  

Bacitracin 16 2 3  

Penicillin 20 1 9  

Cycloserine 2 7  1 2  

Sulfafurazole 2 8  11 

Nys tatin 3 5  4 

FOOTNOTE : * The proportion of bacterial strains sensitive to 
each antibiotic o 

0 . 90 

0 . 85 

0 . 85 

0 . 7 7  

0 . 77 

0 . 77 

0 . 64 

0 . 62 

0 . 5 9  

0 . 4 9  

0 . 31 

0 . 28 

0 . 10 

* 



TABLE V .  

THE RELATIVE RESI STANCE OF MICROORGANI SMS I SOLATED FROM 
SEMEN TO A VARIETY OF ANTIBI OTICS 

Genus Number of Strains I ndex of Resistance 

Candi da 1 0 . 92 

Rhodotorula 1 0 . 85 

Pseudomonas 1 0 . 7 7 

Corynebacterium 1 0 . 7 7 

Pseudomonas 3 0 . 69 

P roteus 1 0 . 69 

Escherichia 1 0 . 62 

Aerobacter 1 0 . 5 4 

Escherichia 1 0 . 5 4 

Aerobacter 1 0 . 46 

Alcaligenes 1 0 . 46 

Baci llus 1 0 . 4 6 

Corynebacterium 2 0 . 3 8 

Micrococcus 1 0 . 3 8 

Arthrobacter 1 0 . 3 1 

Bacillus 1 0 . 3 1 

.Corynebacteri um 2 0 . 31 

Mic robacterium 1 0 . 31 

Micrococcus 1 0 . 3 1 

Nocardia 1 0 . 3 1 

B acillus 2 0 . 2 3 

Corynebacterium 2 0 . 2 3 

Mic rococcus 2 0 . 2 3 

Sarcina 1 0 . 23 

Staphylococcus 1 0 . 2 3 

Bacil lus 3 0 . 15 

Micrococcus 2 0 . 15 

Bac illus 2 0 . 08 

* The proportion of antibiotics to which each bacterial strain 
is completely resist.ant . 

* 
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of antibiotic s  to which each strain . i s  completely resistant ( i . e .  no 

inhibition zone produced) . None of the microorganisms tested were 

c ompletely resistant to all the antibiotics tested , although the yeast 

species were resistant to all except nystatin in both cases , and to 

polymyxin for Rhodotorula sp . The Gram - negative rod- shaped bacteria 

(Pseudomonas , P roteus , Escherichia)  were considerably more resistant than 

the Gram - po sitive bacteria .  Control of these bac teria i s  most important 

since they will grow at 0 - 25 ' C  in extended semen (Foote & Salisbury 1 948 

Foote & Bratton 1950b ) . Of the antibiotics normally used in extenders 

streptomycin appears to be the most effective in inhibiting these bacteria . 

Penicillin had no effec t .  

Although some s tra ins were found to b e  resistant to a wide variety of 

antibiotic s ,  most of the organisms i solated at high frequency from semen 

were sensitive to the antibiotics used , so that resistant o rgani sms are 

only a relatively small proportion of the population present in semen . 



CHAPTER 12 : THE ANTIBACTERIAL ACTIVITY OF BOVINE SEMEN 

1 2 . 1  The Occurrence of Antibacterial Activity i n  I ndividual Semen 
Samples 
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When i ndividual semen samples (CHAPTER 4 . 1 ) were tested for 

antibacteria l activi ty agains t M.  lysodeikticus by the radial diffusion 

agar well techn ique ( CHAPTER 4 . 3 ) , antibacteri al activity was found in 

all e j aculate s teste� . The diameter of the inhibi tion zone produced by 
3 

bovine semen ranged from 15 . 25 to 2 2 . 7 5mm ( or 4 , 000 to 4 4 , 500 LzU /cm ) ,  
3 

e 
with a mean of 1 9 . 3 9mm (or 18 , 083 LzU /cm ) and a standard error of the 

3 
e 

mean at 0 . 15 mm (or 770 LzU /cm ) .  The individual results for III 
e 

e j aculates a re recorded in APPENDIX ONE and TWO . 

The activity in semen f rom each indf vi dual bul l  was relatively 

constant and characteristic for that anima l ,  but there was some variation 

between individual bulls of the same breed (TABLE VI ) .  The average 

concentration of antibacterial activi ty in semen from Hereford bulls , mean 
, 

h
' , . 7 + . d '  ( 915  +- / 

3
) �n �b�t�on zone of 1 . 4 6  - 0 . 2 2mm �n �ameter or 2 - 622 LzU cm , 

e 
appeared to be lower than those of F resian or Charolais bulls , whi ch produced 

+ + 3 + 
zone s of 1 9 . 7 4 - 0 . 16mm ( or 19604 - 918 LzU /cm ) and 2 0 . 02 - 0 . 28mm 

e 
( o r  2 1 3 5 2' � 499  LzU /cm

3
) respectively . The differences in zone diameters 

e 
or LzU values between Hereford and F resian and between Hereford and 

e 
Charolais were , statisti cally , highly s ignificant ( less than 1% confi dence 

l imits)  • The sl ightly higher mean act ivity in Charolai s compared with 

F resian semen was not signif icant at the 5%  confidence l imits . The 

relative distribution of varying levels of antibacterial activity in semen 

from the different breeds al so showed thi s  relationship . The modal peak 
3 

for Hereford semen occurred at 5 , 000 to 1 0 , 000 LzU /cm (or 18 to 19mm 
e 3 

zone diameter) , for F resian semen at 15 , 000 to 20 , 000 LzU /cm (or 19  to 
e 

3 
2 0mm zone diameter) , and for Charolai s semen at 2 0 , 000 to 25 , 000 LzU /cm 

e 
(or 2 0  to 2 1mm zone diameter) . See F I GURE ELEVEN . 

There was some indication that the second e j aculate of a pai r  

collected within a few minutes o f  each other from the same bull , possessed 

higher antibacterial activity than the first sample collected (TABLE VI 

AND FIGURE 'lWELVE ) . The mean value for the firs-t e j aculate of a pair was 

18046 � 1344  LzU /cm
3 

(or 1 9 . 4 9 � 0 . 25mm zone diameter) , whereas the mean 
e + 3 + 

for the second was 2 1094 - 1822 LzU /cm (or 19 . 9 2 - 0 . 3 0mm zone diameter ) .  
e 

This differenc e was not statistically significant at the 5 %  limit of 

confi dence , but the modal peak of the second ej aculate , 15 , 000 to 2 0 , 000 
3 

LzU /em (or 20 to 2lmm zone diameter) was greater than that of the f irst 
e 

3 ej aculate , 1 0 , 000 to 15 , 000 I.zU /cm (or 19  to 2 0mm zone diameter) . e 



TABLE VI . 

THE INHIBITION OF MICROCOCCUS LYSODEIKTICUS BY SEMEN 
FROM SEVERAL INDIVIDUAL BULLS 

B reed Bull Number of Number of I nhibition 3 
e j aculate Samples Zone Diameter (mm) LzU fcm 

e 

F resian 9230 1 7 
+ 

18 . 64 - 0 . 5 1 
+ 

1 3 , 68 6  - 1 , 682 

F resian 5 2 1 1  1 7 
+ 

1 9 . 50 - 0 . 42 
+ 

1 7 , 5 50 - 1 , 84 0  

2 7 
+ 

19 . 7 9  - 0 . 50 
+ 

19 , 764 - 2 , 788 

F resian 6200 1 8 
+ 

1 9 . 00 - 0 . 35 
+ 

14 , 8 3 8  - 1 , 63 3  

2 8 
+ 

1 9 . 60 - 0 . 24 
+ 

18 , 03 1  - 1 , 365 

Charolais 66 , 076 1 11 
+ 

20 . 00 - 0 . 35 
+ 

2 0 , 864 - 2 , 086 

Charolais 6 6 , 175  1 10 
+ 

19 . 85 - 0 . 52 
+ 

20 , 7 35 - 2 , 740 

Hereford 7 2 , 613 1 5 
+ 

17 . 65 - 0 . 40 
+ 

9 , 630 - 1 , 2 16 

Hereford 7 2 , 624 1 5 
+ 

17 . 30 - 0 . 27 
+ 

8 , 44 0  - 7 3 1  
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The Effect of the Natural Ant ibacterial Activity in Bovine Semen 

on the Total Microbial Populat ion in Semen 

The total count s of mic roorganisms in each semen sample and the 

antibacterial activity of that semen sampl e ( recorded in APPENDIX ONE and 

TWO ) were plotted in FIGURE THIRTEEN . The di str ibut ion of the microbial 

populations in relation to the amount of antibacter ial activity wa s 

scattered ( r egression coeffic ient - 0 . 00001 ) .  There wa s , therefore , no 

correlation between the mea surable conc entrat ion of the antibacterial 

act ivity in semen and the total microbial count in the same semen sample .  

Similarly there wa s l ittle d ifferenc e  in the distr ibut ion of microbial 

populat ions in relation to the amount s of ant ibacteria l activity between 

f ir st and second ej aculates , with regression coeffic ients of - 0. 00002 a nd 

- 0 . 00003 respect ively . 

1 2 . 3  The Effect of Natural Antibac terial Activity on the Number of 

Microorganisms Sensit ive to and Re si stant to thi s Activity in 

Ind iv idual Semen Sampl es 

The microorganisms pre sent on the total count plat e s  from semen 

culture s  were differentiated on the ba sis of their respon se to the 

ant ibacterial activity of bovine seminal fluid (CHAPTER 5 . 4 ) , and the 

populations of microorganisms res istant to or sensit ive to bov ine seminal 

. plasma were recorded for each ind ividual semen sample ( APPENDIX ONE and 

TWO ) . 

There appeared to be no correlat ion between either the number of 

organisms resistant to or the number sen sitive to the antibacterial 

ac tivity and the conc entrat ion of mea surable ant ibacterial ac tivity in a 

given semen sample , with regr e s sion coeffic ient s of - 0 . 00002 and 

- 0 . 000002 re spec tively (FIGURE FOURTEEN) .  Wide fluctuation s in the 

populations of both sensitive and resistant organ isms occurred within 

ej aculate s collected within minut e s  of one another , and within sampl e s  

taken from the same bul l a t  var ious time interva l s  (F IGURE F IFTEEN and 

FIGURE SIXTEEN) . This suggests that many of the microorgani sms pre sent in 

semen constitute a transient populat ion from out sid e  the reproduc tive 

tract . 

Large ( greater than 2 . 0 x 1 04 organisms/cm3 ) populations of  

microorganisms resistant to bovine seminal pla sma inhibition were found to 

occur in 11 individual semen sampl e s .  'fhe popul at ion of resistant organ isms 

in eac h semen sample ranged from 0 to 5 ,. 6  x 1 0
5 

organisms/em
3

, with a 

logar ithmic average of 1 . 4  x 1 03 organisms/cm3 . Although there wa s no 
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stat i st ical significanc e  using the " t " test , Bailey 1968 ) between the 

resistant populations of fir st ( logar ithmic average 2 . 0  x 1 0
3 

organisms 

/cm
3 

) and second ( logarithmic average 6 . 1  x 1 0
2 

organisms/cm
3 

) 

ej
'
aculates due to wide fluctuations in the populat ions of both ej aculates , 

a decrea se in the number of res istant organi sms from f ir st to second 

e j aculates occurred in 1 3/18 ( or 7 2 %  ) of  such pair s examined . This may 

reflect a wa shing out of temporary invader s o f  the lower reproduct ive 

tract , which are able to p e r. _; i s t  in this locat ion due to their res istance 

to bovine seminal pla sma inhibition . The second ejaculate would contain 

fewer suc h microorganisms . 

No large populations of microorgani sms sensitive to bovine seminal 

pla sma inhibit ion occurred in the semen samples examined . The range of 

sensitive organisms present in semen varied from 0 to 2 . 0  x 1 0
4 

organisms/ 

cm
3

, with a logar ithmic average of 1 . 9  x 1 0
2 

organisms/cm
3

. The number of 

sensit ive organ isms d id not vary between f ir-st ( logarithmic average 

3 . 7  x 1 0
2 

colonie s/cm
3 

) and second ( logarithmic average 2 . 3  x 1 0
2 

colonies 

/cm
3 

) ej aculates , with equal number s of pair s showing an increase or a 

decrease in sensitive populations between the two sampl e s .  Examination of 

the number of morpholog ically different colonies showed that 44% of the 

d i stingui shable colony type s present in semen culture were sensit ive to 

the natural ant ibacterial ac tiv ity of bovine seminal pla sma . It is 

suggested that these organisms ar e transient contaminant s ,  probably from 

the preputial cavity and the urethra . unable to per sist in ej aculated 

semen or the reproduct ive tract for long per iod s of t ime . 

1 2 . 4  The Effect of the Ant ibacterial Act ivity of Bov ine Seminal Pla sma 

on Several Genera of Bacter ia isolated from Bov ine Semen 

The standard sensitivity test (CHAPTER 5 . 3 )  for bovine seminal 

plasma inhibitor s wa s adapt ed to measure the resi stanc e of representative 

stra ins of bac te:iia isolated from semen by substituting the test organism 

for M .  ly sodeikticu s .  The response of the se semen micororganisms to the 

natural ant ibacterial activity of bovine seminal plasma are recorded in 

TABLE V I I . These results ind icate that seminal pla sma is effective against 

2 6/38 ( or 68 % ) of  the strains tested . The sensitive organisms repre sent 

1 0  different genera . 

Six genera proved to conta in bacter ia res istant to the natura l 

inhibitor s pre sent in bovine semen . Of these , Bac illu s  and Corynebacterium 

contained strains some of which were sensitive to semina l pla sma 

inhibit ion while other s were not affec ted . Gram-negative bacteria seemed 



TABLE VI I .  

THE EFFECT OF THE ANTIBACTERIAL ACTIVITY OF BOVINE SEMINAL PLASMA 

ON BACTERIA ISOLATED FROM BOV.INE SEMEN 

GENUS STRAINS INHIBI'l' ION ZONE TOTALS 
EXAMINED DIAMETER (mm ) 

0 9-12 13-17 17 + resistant sens itive 
--

Pseudomona s 4 4 0 0 0 4 0 

Alcaligene s 1 1 0 0 0 1 0 

Proteu s 1 1 0 0 0 1 0 

Staphylococcus 1 1 0 0 0 1 0 

Corynebacter ium 7 3 0 3 1 3 4 

Bac il lus 9 2 0 6 1 2 7 

Aerobacter 2 0 0 2 0 0 2 

Arthrobacter 1 0 0 0 1 0 1 

Brevibacter ium 1 0 0 0 1 0 1 

Escherichia 2 0 0 2 0 0 2 

Mic robacterium 1 0 0 1 0 0 1 

Micrococcus 6 0 1 3 2 0 6 

Nocard ia 1 0 0 0 1 0 1 

Sarc ina* 1 0 0 1 0 0 1 

TOTAL 38 12 1 18 7 1 2  2 6  

* 
FOOTNOTE : current ly classif ied as Micrococcus ( Bergey 1 97 4  ) 
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more l ikely to be resistant than Gram-posit ive organisms , sinc e of all the 

former strains , 6/1 0  ( or 6 0% ) were res istant , compared with 6/28 ( or 

21% ) Gram-po sitive bacter ia . All stra ins ( 4 ) of Pseudomona s tested were 

resistant to the ant ibac terial activity of bovine seminal plasma , but the 

4 strains of Aerobacter and Escherichia considered here were sensitive to 

the natura l ant ibact er ial agents in bovine semen , although resistant to 

many of the commerc ia lly ava ilabl e antibiot ic s ( APPENDIX FOUR ) .  



5 5  

RESULTS PART TWO 

THE NATURE OF THE ANTIMICROBIAL ACTIVITY IN BOVINE SEMEN AND BOVINE 

SEMINAL PLASMA 

The chemical and physical character isat ion of inhibitory factor s present in 

bovine seminal plasma wa s und ertaken using pooled va sectomised bovine 

seminal plasma , and selected ant imicrobial agent s were studied for 

compari son . 

CHAPTER 1 3 : THE CHEMICAL CHARACTERISATION OF THE ANTIBACTERIAL ACTIVITY 

IN BOV INE SEMINAL PLASMA . 

1 3 . 1  The Sensitivity of Bov ine Semina l Pla sma Ant ibacterial Activity to 
Proteolytic Enzymes , and a Compar i son with the Act ivities of 
Selected Antimicrobial Agent s .  

The ant ibacterial act iv ity o f  bovine seminal pla sma proved sensit ive 

to all three proteolytic enzymes tested (TABLE VII I ) . Subtilisin ( c ausing 

nonspec ific peptide bond hydrolysis ) and thermolysin ( attac king leucyl / 

phenylalanyl residue s ) completely de stroyed it s antibacterial act ivity , 

whereas trypsin ( attacking lysyl / arg inyl residues ) resulted in a 9 5  to 

99% loss in mea surable activity ( CHAPTER 7 . 2  ) .  

When the effect of trypsin treatment on bovine seminal pla sma 

inhibitory activity wa s compared with its effect on selected ant imicrobial 

agents ,  lysozyme , polylysine and salmine were a l l  found to be sensit ive to 

trypsin , losing 1 0 0 ,  98 , and 99% activ ity respectively . Trypsin had no 

e ffect on the ant ibacter ial activity of spermid ine ( TABLE IX ) .  

Us ing Staphylococ cus aureu s a s  the ind icator organism , the ant i

bacter ial activity of bovine seminal pla sma wa s lo st from all samples 

( with and without proteolyt ic enzymes ) due to the hold ing temper ature 

in the exper imental procedure ( CHAPTER 7 . 2  ) .  Lysozyme had no anti

bacterial activity against this bacterium .  Trypsin completely destroyed 

the ant ibacterial activity of polylysine and salmine . Spermid ine activity 

wa s again unaffected by trypsin treatment .  

1 3 . 2  The Effect of Per iodate on the Ant ibacterial Ac tivity of Bovine 
Semina l Pla sma and tho se of Selected Ant imicrobial Agent s .  

Bovine seminal plasma , lysozyme , polylysine and salmine showed no 

decrea se in ant ibacter ial activity aga inst M. lysode ikt icus a fter 

treatment with per iodate ( CHAPTER 7 . 3  ) .  The ant ibacterial activity o f  

spermid ine wa s ,  however , compl etely de stroyed by this treatment ( TABLE 

X ) .  



TABLE VI I I . 

THE EFFECT OF PROTEOLYT IC ENZYMES ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA 

ENZYME BOVINE SEMINAL PLASMA ACTIVITy
l PERCENT DECREASE 

before after IN ACTIVITY AFTER 
treatment treatment TREATMENT 

Thermolysin 62 , 000 0 1 00 

Subt il i sin 62 , 000 0 1 00 

Trypsin 62 , 000 8 2 0  9 9  

FOOTNOTE : 
1 

Act iv ity expres sed as lysozyme unit equiva lents ( LzU ) ,  see e 
CHAPTER 4 . 4  

TABLE IX .  

THE EFFECT OF TRYPS IN TREATMENT ON THE ANT IBACTERIAL ACT IVITY 

OF BOVINE SEMINAL PLASMA AND SELEC'l'ED ANTIMICROBIAL AGENTS . 

* 
TEST SOLUTION ANTIBACTERIAL ACTIVITY PERCENT DECREASE 

before treatment after 

M
l 

s
2 

M
l 

treatment 
2 

S 

IN ACTIVITY AFTER 
TRfATMENT

2 
M S 

Bovine seminal 62 , 500 0 2 , 900 0 . 9 5  
plasma 

Lysozyme 7 0 0 , 000 0 4 1 0  0 1 00 

Polylysine 28 0 , 000 9 , 000 4 , 4 0 0  0 98 1 00 

Salmine 1 02 , 500 . 6 , 400 940 0 99 100 

Spermid ine 3 60 3 6 , 000 3 6 0  3 6 , 000 0 0 

* 
FOOTNOTES : Ac tivity expressed a s  lysozyme uni t equivalents ( LzU ) ,  

see CHAPTER 4 . 4  
e 

1 
M = using Microc occus lysode ikt icu s as the indicator 

organ ism in the antibacterial assay . 
2 

S = us ing Staphylococcus aur eus as the ind icator organi sm 
in the ant ibac terial assay . 



TABLE X .  

THE EFFECT OF PERIODATE TREATMENT ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA AND SELECTED ANTIMICROBIAL AGENTS . 

* 
TEST SOLUTION ANTIBACTERIAL ACTIVITY PERCENT DECREASE 

before treatment a fter treatment IN ACTIVITY AFTER 
1 

S
2 

M
l 

S
2 TREATMENT 

M 
M

l 
s

2 

Bovine seminal 47 , 500 0 47 , 5 00 0 0 
pla sma 

Lysozyme 4 3 0 , 000 0 4 3 0 , 000 o . 0 

Polylysine 1 5 0 , 000 9 , 600 1 5 0 , 0 00 9 , 600 0 0 

Salmine 8 1 , 000 4 , 8 0 0  8 1 , 000 4 , 8 00 0 0 

Spermidine 3 60 23 , 2 5 0  0 0 1 00 1 00 

* 
FOOTNOTES : Act ivity expressed as lysozyme unit equiviJlent s (LzU 

e) '  see 
CHAPTER 4 . 4  

1 
M = u s ing Micrococcus lysodeikt icus a s  the ind ic ator 

organism in the ant ibacterial a s say . 
2 

S = using Staphylococcus aureu s a s  the indic ator organism 
in the antibacterial assay . 

TABLE X I . 

THE EFFECT OF HEAT ( 60 ' C  for 60 minutes)  ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA AND SELECTED ANTIMICROBIAL AGENTS . 

TEST SOLUTION 
* 

ANTIBACTERIAL ACTIVITY PERCENT DECREASE 
IN ACTIVITY DUE TO 

HEATING . 

Bovine seminal 
plasma 

befor e treatment 

M
l 

S
2 

62 , 500 3 60 

a fter treatment 

M
l 

s
2 

5 3 ,'800 0 

M
l 

s
2 

14 1 00 

Lysozyme 9 00 , 000 a 900 , 000 0 0 

Polylysine 4 3 0 , 000 1 0 , 500 

Salmine 200 , 000 7 , 000 

Spermid ine 2 , 9 00 5 0 , 000 

* 

185 , 000 1 2 , 250  

78 , 000 7 , 000 

2 , 560 7 5 , 000 

57 

61 

12  

o 

o 

o 

FOOTNOTES :  Ac tivity expressed a s  lysozyme unit equiva lent s ( LzU ) ,  see 
CHAPTER 4 . 4  e 

1 o .  
1 d o k · ° � =. us lng Mlcrococcus yso e l  t lCU S 

in the antibac terial a ssay . 
2 

a s  the ind icator organism 

� :: us ing Staphylococcus aureus as the ind icator organi sm 
in the antibacteria l assay . 



l3 . 3  The Heat Sensit ivity of Bovine Seminal Plasma Ant imicrobial 
Act ivity . 
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Bovine seminal plasma held at 60 , 7 0  and BO " C  for 6 0  minutes still 

retained some ant ibacterial activity . A constant proport ion approximately 

36% ) of the overall ac tivity appeared to be heat stable even at B O " C  

FIGURE SEVENTEEN ) .  

Bovine seminal plasma loses l ittle ( up to 14% ) or none of its 

overall antibacterial activ ity at 60 " C  for 60 minut e s .  Under these 

conditions , lysozyme , polylysine , salmine and spermidine lose 0, 57 , 61 and 

1 2 %  of the ir inhibitory act ivity respect ively ( TABL� XI ) .  The ant i

activ ity of polylysine , salmine and spermid ine against Staphylococcu s aureus 

was not affected by heat ing to 60 " C  for 60 minutes . Lysozyme did not inhibit 

S .  aureu s . 

During these heat sensit ivity stud ies it wa s noted that there wa s 

some ind ication that the ant imicrobia l act ivity of bovine seminal plasma 

may be assoc iated with more than one ind ividual fac tor . Untreated seminal 

plasma wa s act ive aga inst a number of bacteria includ ing Micrococcus 

lysodeikt icus , Escher ichia col i ,  a strain of Staphylococcus aureu s ,  a 

strain of Bac illus subt ilis and an unidentif ied bac illu s  spec ies , used 

by Shannon et al ( 1974 ) as their indicator organism . Bovine semina l 

pla sma wa s al so active aga inst several Mycopla sma spec ies ,  inc luding 

M .  homin i s ,  M .  arthritid i s  and M .  ovipneumoniae CHAPTER 1 6 . 2 , see TABLE 

XVI I I ) .  Bov ine seminal pla sma whic h wa s heated to 60 " C  for 60 minutes wa s 

inactive aga in st the B .  subt ilis stra in and a stra in of S .  aureus , whereas 

its activity aga inst M .  lysodeikt icu s ,  E .  col i ,  the Bac illu s  species and 

and Mycoplasmas wa s undimini shed ( TABLE X I I ) .  

The possibility that a labile antibacterial frac t ion i s  pre sent in 

bovine semina l pla sma and i s  responsibl e for some of its act ivity wa s 

comf irmed by the fol lowing experiment . The antibacter ial activity o f  two 

different batches of pooled seminal pla sma against both M .  lysodeikt icus 

and the S .  aureus stra in were constant after storage at _20 " C  for six 

months . Heating al iquot s of this stored material to 60 " C  for 60 minutes 

had no effect on it s activity aga inst M. lysodeikticus but completely 

destroyed its activity against the S .  aureus stra in . " Ageing " the 

seminal plasma by al lowing it to stand at 3 0 ' C  for 60 minute s a l so had 

no e ffect on its activity aga inst M .  lysodeikticus but aga inst the S .  

aureus strain , the seminal pla sma sampl es lost 14 % and 1009ci o f  their 

act ivity respectively , after the the 3 0 " C treatment ( TABLE XIII ) . These 

results suggest t.hat there is an extremely labile compound or compl ex 
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'l'ABLE X I I . 

THE EFFECT OF HEATING BOVINE SEMINAL PLASMA TO 60 ' C  for 60 MINUTES 

ON ITS ANTIMICROBIAL ACTIVITY . 

TEST ORGANISM 

Micrococcus lysode ikt icus 

E scher ichia coli 

Proteu s vulgari s  

Staphylococ cu s aureus 

Staphylococcus aureus 

Bac illus subtilis 

Bac illu s sp . 
1 

Myc opla sma hominis 

Myc opla sma arthritid i s  

Mycopla sma ovipneumoniae 

* 

BOVINE SEMINAL PLASMA 
ACTIVITY* 

before heat after heat 

7 6 , 00 0  7 6 , 000 

9 , 000 9 , 000 

0 0 

7 20 0 

1 4 , 250  0 

1 , 3 2 5  0 

1 1 , 250  11 , 250  

7 4 0 , 000 - 54 0 , 000 

3 4 0 , 000 28 0 , 000 

1 02 , 500 81 , 000 

PERCENT DECREASE 
IN ACTIVITY DUE 

TO HEATING 

0 

0 

1 00 

1 0 0  

1 0 0  

0 

27 

18 

21 

FOOTNOTES : Activity expre ssed as lysozyme unit equivalents (LzU ) ,  see 
CHAPTER 4 . 4  

e 

1 
I solated by Shannon et al ( 1974 ) .  



TABLE X I I I . 

THE EFFECT OF " AGEING " ( 3 0 ' C  for 60 minutes ) ON THE 

ANTIBACTERIAL ACT IV ITY OF BOVINE SEMINAL PLASMA . 

* 
BOVINE SEMINAL PLASMA ANTIBACTERIAL ACTIVITY PERCENT DECREASE 

IN ACTIVITY 

Sample 1 , untreated 

" , 30 ' C for 60 minutes 

" , 60 ' C  for 60 minutes 

Sample 2 , untreated 

" , 3 0 ' C  for 60 minutes 

" , 60 ' C for 6 0  minutes 

* 

Ml 
s

2 

3 1 , 000 550 

3 1 , 000 0 

31 , 000 0 

2 0 , 000 360 

2 0 , 000 3 1 0  

2 0 , 000 0 

Ml 
s

2 

o 

o 

o 

o 

.1 0 0  

1 0 0  

14  

100 

FOOTNOTES :  Act ivity expressed as lysozyme unit equivalent s d . liZU
e

. ) �· see 
CHAPTER 4 . 4  

1 � = using Micrococcus lysodeikt icus as the indicator organism 
in the antibacterial assay . 

. 2 . � = uSlng Staphylococcu s aureus as the ind icator organism 
in the antibacterial assay . 
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assoc iated with the inhibitory effec t s  o f  bovine seminal plasma aga inst 

the s .  aureus strain . The level of activ ity and its react ion to " ageing " 

appear s to vary in d ifferent sample s . 
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CHAPTER 14 : THE EFFECT OF SOD IUM C ITRATE ON THE ANTIBACTERIAL ACTIVITY 

14 . 1  

OF BOVINE SEMINAL PLASMA . 

The Effect of Varying Amount s of Citrat� on the Inhibit ion Zones 
Produc ed by Bovine Seminal Pla sma Ant ibacterial Act ivity . 

When sod ium c itrate wa s u sed to elute the act ive fraction of bovine 

seminal pla sma off deoxyribonuc leic ac id ( DNA ) in an extract ion proc ess 

( CHAPTER 1 9 . 4  ) ,  it wa s noted that the inhibition zones produced by 

seminal plasma conta ining c itrate were larger than tho se of non - c itrated 

sample s .  When this wa s invest igated , it was found that the presenc e  of 

sod ium c itrate in bovine semina l plasma samples increa sed the d iameter of 

the inhibit ion zones produc ed in the standard agar well d iffus ion a ssay 

( CHAPTER 4 . 3  ) .  Sampl es which conta ined more than O . SM c itrate formed 

large d iffuse zones of inhibit ion . A O . SM c itrate solution produced a 

similar e ffect . At sample levels of less than O . SM ,  however , c itrate 

increased the diameter of the inhibit ion zones produced by bovine seminal 

pla sma in a uniform manner ( FIGURE E IGHTEEN ) .  

A s imilar but les ser effect wa s seen with the presenc e of varying 

l evel s of sod ium c hloride in the sample . The presenc e of NaCl a l so 

resulted in some enhanc ement of the d iameter of the inhibit ion zone 

produc ed by partially pur if ied ( ac etone prec ipitated , pH2 . S  ac id d ialysate 

of bovine seminal pla sma , see CHAPTER 18 . 1  ) antimicrobial material ( FIGURE 

NINETEEN ) . 

14 . 2  Modificat ion of the Agar Well D i ffu sion As say to Incorporate C itrate . 

It wa s thought that the larger zones produc ed in the presenc e  of 

c itrate were due to the dissoc iat ion of high molecular weight c omplexes 

into smal ler moieties which could d if fu se further and more rapidly in the 

agar dur ing the assay . The effect of c itrate incorporated into the agar 

on the diameter of the inhibition zones wa s examined . Sod ium c itrate can be 

incorporated into the assay agar up to a concentration of O . lM ,  higher 

levels inter fered with the growth of the ind icator organism .  From FIGURE 

EIGHTEEN , it can be seen that O . lM c itrate in the agar resulted in greater 
I 

variabil ity and smaller inhibition zones produc ed by seminal pla sma samples 

containing varying level s of c itrate than wa s t he ca se with O . OSM c itrate 

incorporated into the agar . The greatest sensitivity and lea st var iat ion 

in the d iameter of the inhibit ion zone for a g iven bov ine seminal plasma 

sample , regar,dless of the level of c itrate present in the sample , wa s 

obtained with O . OSM c itrate present in the assay agar . 

Closer inspection of the effect o f  c itrate levels produced t he 
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F IGURE EIGHTEEN : 
h ff f T e E  ect 0 Varying Amounts o f  Citrate 

in Bovine Seminal P�asma on the Inhibit ion 
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0 = " O . OSH " " " " 

... = " O . 1 0H " " " " 



OJ 
� 
o 
N 

� 
o 

1 5  

"j 1 4  
. ., 
.Q . ., 
.£: 

. �  
H 

� 
o 
H 
OJ 
-tJ 
OJ 
S 
Cll 

. ., 
Q 

1 2  

1·0 

Concentration of NaCl ( M )  

FIGURE NINETEEN : . 
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Pur ified ( acetone prec ipitated acid dialysate , CHAPTER 18 . 1  

Antimicrobial Material 1 . 5mgLcm
3

� 1 . on _the _ I nhibition Zon e s  

Produc ed i n  Rad ial Diffusion Assays . 
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results shown i n  FIGURE TWENTY . Thus agar level s of O . 0225M c itrate gave 

very consistent measures of zone diameter regardless of the amount of 

c itrate pre sent in the sampl e .  In add it ion FIGURE TWENTY ONE shows that at 

this level , the assay i s  at its greatest sensit ivity . A l Omg/cm
3 

soiut ion of 

partially purif ied ant imicrobial mater ial ( ac etone precipitated , pH2 . 5  

ac id d ialysate of bovine seminal pla sma , CHAPTER 18 . 1  ) ,  with 0 to O . 3M 

sod ium c itrate gave a consistant read ing of 20 . 5mm diameter o f  inhibit ion 

zone with O . 0225M c itrate in the assay agar . Thu s  the act ivity of sampl e s  

with c itrate level s up t o  O . 3M can be suc ces sfully and accurately mea sured 

u sing citrated nutr ient agar a s  the growth medium for the agar well 

diffusion a ssay . Thi s  level of c itrate was rout inely used for all a s says o f  . 

antibacterial activity ( c�mpTER 4 . 4  ) .  
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CHAPTER 1 5 :  INVESTIGATION OF THE PHYSICAL STATE OF THE ANTIMICROBIAL 

FACTORS IN BOVINE SEMINAL PLASMA . 

The phys ical state of the factor s responsible tor the ant imicrobia l activ ity 

of bovine seminal plasma wa s stud ied by examining the effect of d ialysis , 

ultrafiltrat ion and native polyacrylamide gel electrophoresis on this 

activity . 

15 . 1  The Absorbanc e Spectrum of Bovine Seminal Plasma . 

The absorbanc e of bovine seminal plasma and a crude preparation of 

it s antimicrobial act ivity ( acetone prec ipitated , pH2 . 5  ac id d ia�ysate , 

CHAPTER lS . l  ) , wa s measured over wavel engths 2 5 0  to 4 50nm in a Unicam 

SP8 00 spectrophotometer . The maj or absorpt ion peak occurred at approximately 

2S 0nm , with a sl ight shou lder appear ing at 28 6 to 2 90nm ( FIGURE TWENTY TWO) . 

1 5 . 2 Dialysis of Bovine Seminal Plasma . 

D ialysis of bovine seminal pla sma adj u sted to pH 2 . 5  with hydrochlor ic 

ac id against an equa l volume of pH 2 . 5  ac id for three days at 4 ' C ,  re sulted 

in 14% of its overall act iv ity d iffus ing through the membrane . Further 

d ialysis of the material within the d ialysis sac aga inst fresh ac id for an 

add it ional three days resulted in the loss of another 7 %  of the or ig ina l 

act ivity into the d ialysing fluid ( TABLE XIV ) .  

1 5 . 3 Ultrafiltration of Bovine Seminal Plasma . 

When bovine seminal plasma was reduc ed to ll5th it s original volume 

u sing an XM 50 ultrafiltration membrane in the Amicon unit CHAPTER 7 . 4  ) ,  

3 3 %  of the overall ant ibac ter ial act ivity wa s present in the f iltrate . 

Wa shing the solut ion retained by the membrane with an equal volume o f  

d istilled water and then reduc ing its volume to liS aga in , yielded a further 

5 . 6% activ ity in the filtrate . Thu s  61 . 4 % of the total act ivity in bovine 

seminal plasma wa s retained by a membrane which reta ins molecules of more 

than 50 , 000 molecular weight ( TABLE XV ) .  

Ref iltrat ion of the mat er ial wh ich had pa ssed through the XM 50  

membrane gave a result whic h provided add itional information ; 24%  o f  the 

mater ial which had pr eviously pas sed through the ultrafiltrat ion membrane 

wa s now reta ined by the membrane when the wa shing proc ess descr ibed above 

wa s repeated . There was no mea surable ant ibacterial act iv ity in the wash 

fluid . 
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Absorbance Spectra o f  Bovine S emina l Plasma � � I 
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Puri f ied Mate r i a l  ( � , acetone precipitated a c id dialysate 
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l Omg/cm pH 8 . 6  Tri s/Glyc ine buffer ) .  



TABLE X IV .  

THE EFFECT OF D IALYSIS ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA . 

TEST SOLUTION 

Untr eated bovine seminal pla sma 

F ir st d ialysate 

Second d ialysate 

TOTAL ACTIVITY* 

3 2 , 000 

4 , 4 50 

2 , 1 00 

PERCENT 
ORIGINAL ACTIVITY 

1 00. 0 

1 3 . 9  

6 . 6 

FOOTNOTE * Activ ity 
CHAPTER 4 . 4  

expre ssed in lysozyme unit equ ivalents ( LzU ) , see e 

TABLE XV .  

THE EFFECT OF ULTRAF ILTRATION ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA 

TEST SOLUTION TOTAL ACTIVITY* 

3 
F iltrate ( 2 0cm ) 97 , 500 

3 
Wa sh ( 2 0cm ) 1 6 , 5 00 

Solution behind membrane ( 5cm
3

) 181 , 2 50 

3 
Filtrate from refiltrat ion ( 1 2cm ) 17 , 58 0  

3 
Wa sh ( 1 2cm ) 0 

3 
Solution behind membrane (3cm ) 5 5 , 4 1 0  

PERCENT 
ORIGINAL ACTIVITY 

3 3 . 0  

5 . 6  

61 . 4  

24 . 1  

0 . 0 

7 5 . 9  

FOOTNOTE : * Activity expressed as lysozyme unit equivalent s ( LzU ) ,  
see CHAPTER 4 . 4  

e 
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1 5 . 4  Native Polyacrylamid e  G e l  Electrophoresis of Bovine Seminal Plasma . 

The method described in C�PTER 7 . 5 , was u sed to c ompare the 

proteins in bovine seminal pla sma with those prec ipitated by acetone from a 

dialysate of seminal pla sma at pH 2 . 5  ( CHAPTER 18 . 1  ) , and with lysozyme.  

F IGURE TWENTY THREE shows dens itometer trac ings from a slab gel  showing 

cat ionic migration . Bovine seminal pla sma conta ined many cat ion ic protein s , 

among which four maj or peaks were detected . The extract c ontained two maj or 

peaks both of whic h were d i st inct from the major peaks in whole seminal 

plasma . Lysozyme peaks d id not corre spond with tho se in either of the other 

samples examined . 

The electrophoretic properties o f  the acetone prec ipitated material 

CHAPTER 18 . 1  were also examined at three other pHs .  These were : 

pH 3 . 0  u s ing a 0 . 2M glyc ine / Hel buffer 

pH 5 . 6  using an ac etate / acetic acid buffer and 

pH 7 . 3  u s ing a Tr i s  / HCl buffer . 

These were in add ition to the pH 8 . 6  Tr i s  / glyc ine buffer routinely used . 

In this stud y , one sect ion of the completed gel wa s sta ined for prot ein 

band s ( CHAPTER 7 . 5  ) and the other sect ion wa s examined for antibacterial 

act ivity using the overlay tec hnique descr ibed in CHAPTER 7 . 6  . The 

results of this protein staining and biolog ica l  assay are shown in FIGURE 

TWENTY FOUR ( a )  and (b)  and FIGURE TWENTY FIVE (a ) and (b) . At the lower 

pHs , ther e wa s l ittle protein migrat ion dur ing electrophoresis , and the 

overlay assay located the ant ibac terial act ivity very close to t he or igin. 

with increa sing pH , however , the proteins migrated increasing d �stances ; 

from the origin ,  and several d i st ingu ishable band s occurred, migrat ing 

toward s  both the cathode and the anode . The increa sing numbers of anionic 

proteins were the result of the higher pH being on the alkal ine sid e  o f  

their i so- electric point s and hence produc ing molecules with an overall 

negative charge . Four separate cat ionic band s were dist ingui shable at pH 8 . 6  

r epresent ing protein mol ecules with iso- el ectric point s above this pH. 

Antibacterial ac tiv ity wa s found to be assoc iated with at least two of these 

cationic band s .  The act ivity assoc iated with the largest protein band , whic h 

migrated third fastest from the origin , wa s  in greatest c onc entrat ion , sinc e 

d ilut ion of the protein sample re sulted in the fad ing of the faster 

mov ing ant ibacter ial act ivity,  although the slower moving activity wa s 

stil l pre sent ( PLATE ONE ) .  
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FIGURE TWENTY THREE : . '  . 
Den s l tometer Trac lngs o f  a S lab Gel from Native Polyacrylamide Gel Electropho r e s i s  ( pHB . 6 ) o f  

Bovine Seminal Plasma ( � = diluted 1 :  1 with d i s t i l l ed water ; J"""''''\ = d i luted 1 :  3 with d i s t i l l ed 
I 3 

water ) , Part ially Purified ( CHAPTER l B . l  ) Antimicrobi a l  Material ( i�·� . = l Omg/cm ) , and 

Egg White Lysozyme C .,. .. • •• = 2 _ 5mg/cm
3 ) _ 



FIGURE TWENTY FOUR 

, 

-,_ 
r 

( a )  : . . .  ( '1-Inhlblt lon Zones , �_ 
( 1 %  w/v acetone prec ipitated 

produced by Electrophore sed Bovine Seminal Plasma Prote ins 

acid dialysate , see CHAPTER 18 . 1  after the Native Polyacrylamide 

Gel s ( pH 3 . 0  and pH 5 . 6  ) were overlaid with agar seeded with Micrococcus lysode ikticus . 

Low pH a ffected the growth o f  the test organi sm .  
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F IGURE TWENTY FOUR ( b ) : _ _ _  
E l e c t rophor e t l c  Character i s t i c s  ( Nat ive P o lyacrylamlde Ge l E l e ctrophore s l s , pH 3 . 0  and 

pH 5 . 6  ) o f  Bov ine S eminal P l a sma Pro t e in s  ( 1 %  w/v a cetone pre c ip itated ac id d ialysat e , s e e  

CHAPTER 18 . 1  ) .  
A = An ion i c  Prot e i n s  

C ",  C a t ionic Prot e i n s  



F IGURE TWENTY F IVE ( a ) :  
h ' b '  . (\�_\..� d d 

b 
1 h d ' . 1 1 

. I n  1 lt lon Zones "\ ,- _ ""\1\) pro uce y E ec trop orese Bovlne S emlna P asma Prote l n s  

( 1 %  w/v acetone precipitated ac id d ialysate , see CHAPTER 1 8 . 1  ) a fter the Nat ive Polyacrylamide 

Gel s  ( pH 7 . 3  and pH 8 . 6  ) were over la id with agar seeded with Micrococcus lysode ikticu s . 



FIGURE TWENTY F IVE ( a ) : 
h
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' In lblt lon Zones , � _ �� produced by E lectrophoresed BOVlne Semlna P asma Prote lns 

( 1 %  w/v acetone precipitated ac id dialysate , see CHAPTER lB . l  ) a fter the Native Polyac ryl amide 

Gel s  ( pH 7 . 3  and pH B . 6  ) were overlaid with agar seeded with Micrococcus lysodeikt icus . 
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F IGURE TWENTY F IVE ( b ) : 
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. 
7 Electrop oretlc Characteri stics ( Nat ive Polyacrylamide Gel Electrophores l s , pH . 3  and 

pH 8 . 6  ) of Bovine S eminal Plasma Proteins ( 1% w/v acetone precip itated ac id dialysate , see 

CHAPTER 18 . 1 ) .  

A = Anionic Proteins 

C = Cationic Proteins 
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RESULTS PART THREE 

THE SPECTRUM OF ACTIVITY AND MODE OF ACTION OF THE ANTIMICROBIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA 

CHAPTER 1 6 : THE SPECTRUM OF ANTIMICROBIAL ACTIVITY IN BOVINE SEMINAL 

PLASMA . 

The observation that bovine seminal plasma i s  effective against 

several bacterial spec ies is extended here to cover the response o f  bacter ia , 

mycoplasma s and ureaplasma s to bovine and. human seminal pla sma , lysozyme , 

polylysine , salmine and spermid ine . These known antimic robial agent s were 

tested in conjunct ion with seminal plasma to determine whether the 

spectrum of antimicrobial act ivity and the response of a range of micro

organ isms to these secret ions re sembled the spectrum of these selec ted 

c ompound s .  

1 6 . 1  The Bacterial Respon se to Bovine and Human Seminal Plasma and· to 
Selected Antimicrobial Agents . 

The re sponse of 90 bacter ial strains ( TABLE II ) to bov ine seminal 

plasma , human seminal pla sma , lysozyme ; polylysine , salmine and spermidine 

wa s tested as described in CHAPTER 8 . 2  , and the' )results record ed in 

APPENDIX FIVE . These results are summar ised in TABLE XVI • A large 

proportion of the bacteria tested wer e res istant to human seminal plasma 

( 4 3 % ) , lysozyme ( 59% ) , and spermid ine ( 60% ) i very few were resistant to 

salmine ( 2 % )  and polylysine ( 6% )  . Bovine seminal pla sma ( 1 8 %  resistant ) 

wa s intermed iate between these two group s .  

The re sponse of each bac terium tested against bovine seminal pla sma 

and the selected inhibitor s wa s recorded as showing sensitivity or 

resistanc e . The differenc e between bovine seminal pla sma and a given 

inhibitor wa s expres sed as the perc entage of d i ssimilar responses in the 

total number of comparisons mad e ( TABLE XV I I  ) .  Bovine semina l pla sma 

differed from human seminal pla sma , lysozyme , polylys ine , salmine and 

spermidine by 3 4 ,  5 0 ,  19 , 2 0  and 4 9% respect ively. Thus the inhibitory 

activity of bovine seminal plasma is unl ikely to be ident ical with that o f  

the other mater ial s tested . 

If  the var iation in an organism ' s re sponse to bovine seminal pla sma and to 

the other antimicrobial agent s wa s based sol ely on the amount of material 

present , the diameter of the inhibit ion zone produc ed by bovine seminal 

pla sma would be a constant proport ion 9f that produc ed by the agent 

responsible for the inhibit ion . For example , bovine seminal pla sma 



TABLE XVI .  

BACTERIAL RES ISTANCE TO BOVINE SEMINAL PLASMA , HUMAN SEMINAL PLASMA , 

AND SELECTED ANTIMICROBIAL .AGENTS . 

GRAM-POSITIVE GENERA 
(number of strains 

tested ) 

Arthrobacter ( 1 )  

Bac illus (8 ) 

Corynebacter ium ( 6 )  

Lactobac illus ( 6) 

Leuconostoc ( 2 )  

Micrococcus ( 2 )  

Mycobacter ium ( 1 )  

Nocard ia ( 1 )  

Sarc ina (1 ) 

Staphylococcu s ( 1 1 )  

Streptococcus (12 ) 

Streptomyc es ( 1 )  

TOTAL ( 52 )  

GRAM-NEGATIVE GENERA 

Ac etobacter ( 1 )  

C itrobacter ( 1 )  

Enterobacter ( 1 )  

E scherichia ( 9 ) 

Haemophilu s  ( 1 )  

Klebsiella ( 3 )  

Neis ser ia ( 3 )  

Pa steurella ( 1 )  

Proteus ( 5 )  

Providenc e ( 1 )  

Pseudomona s ( 2 )  

Salmonella ( 6 )  

Serratia ( 1 )  

Shigella ( 2 )  

Vibrio ( 1 )  

TOTAL ( 3 8 ) 

TOTAL NUMBER 01" ( 9 0 )  
BACTERIAL STRAINS 

bovine 
seminal 
plasma 

o 

o 

o 

2 

o 

o 

o 

1 

o 

1 

5 

o 

9 

1 7 %  

o 

o 

o 

o 

o 

o 

o 

o 

5 

1 

1 

o 

o 

o 

o 

7 

18%  

1 6  
1 8 %  

NUMBER OF STRAINS RES ISTANT T O  : 
human lysozyme 
seminal 
plasma 

o 0 

5 3 

5 4 

1 3 

o 

o 

o 

1 

o 

3 

5 

o 

21  

40% 

o 

1 

1 

o 

o 

3 

o 

o 

5 

1 

2 

4 

1 

o 

o 

18 

47%  

39  
4 3 %  

1 

o 

o 

1 

o 

1 0  

8 

o 

30  

58 % 

1 

1 

1 

4 

o 

3 

o 

1 

3 

1 

1 

6 

1 

o 

o 

2 3  

61% 

53 
59% 

poly
lysine 

o 

o 

o 

o 

o 

o 

o 

1 

o 

o 

2 

o 

3 

6% 

o 

o 

1 

o 

o 

1 

o 

o 

2 

o 

o 

o 

o 

o 

o 

2 

5%  

5 
6% 

salmine 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

2 

o 

2 

4 %  

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0% 

2 
2 %  

spermi
dine 

o 

5 

2 

4 

1 

o 

o 

1 

o 

3 

7 

o 

23  

44%  

1 

1 

1 

9 

o 

3 

o 

o 

5 

1 

2 

6 

1 

1 

o 

3 1  

8 2 %  

54 
60% 



TABLE XVI I . 

A COMPARISON OF THE ANTIBACTERIAL ACTIVITY SPECTRA OF BOVINE SEMINAL PLASMA 

HUMAN SEMINAL PLASMA , AND SELECTED ANTIMICROBIAL AGENTS . 

INHIBITOR 

Bovine seminal pla sma 

VERSUS 

Human seminal plasma 

DISSIMILAR 
RESPONSES ( % )  

3 4  

"0"  VALUES* : 
Gram-Po sit ive Gram-Negat ive 

Bacteria Bac teria 

1 . 8 6  2 . 09
# 

Lysozyme 50 2 . 1 9# 3 . 7 4
# 

Polylysine 1 9  4 . 66
# 

1 . 61 

Sa lmine 2 0  3 . 7 0# 2 . 03
# 

Spermidine 4 9  0 . 05 2 . 96
# 

FOOTNOTES 'i,' D x
l 

x2 

j 81
2 2 + s2 

nl n2 

where_there ar e n1 responses to bovi�e semina l pla sma having a 
mean xl and an e sE im�ted var ianc e sl ' 2and n2 re sponses to a known 
inhibiEor with mean x2 and varianc e s2 

. 

# P i s  l e ss than 0 . 05 when D is greater than 1 . 96.  Therefore 
these results ind icate s ignif icant d ifferences between the two 
populations being stud ied ( within 5% confidence l imits ) .  



produced a substantially bigger inhibition zone than lysozyme aga inst 

Pseudomonas fluoresc ens . I f  this greater act ivity wa s simply due to 
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larger amounts of lysozyme occurring in bovine seminal pla sma than in the 

commerc ial preparation , other organisms sensit ive to lysozyme wou ld a l so 

show a greater response to bovine seminal plasma ; Proteus vulgari s  , 

however , showed an inver se relat�onship , exhibiting a greater sensitivity 

to lysozyme than to bovine seminal plasma . Thu s ,  the variation in the 

respon se of bacter ia to bovine seminal pla sma and lysozyme is not read ily 

accounted for by d ifferences  in lysozyme conc entration ,  and the anti

bacterial activity of bovine seminal plasma cannot b� attribut ed solely to 

the presence of lysozyme . Similar s ituat ions exi st between bovine seminal 

plasma and the other antimicrobial factors tested ( APPENDIX F IVE ) .  It i s  

t herefore proposed that d ifferences  in the sensitivity patterns of the 

variou s bacteria cannot be expla ined by concentrat ion e ffects alone . Bovine 

seminal pla sma showed no c onstant r elationship with any of the anti

microbial agent s tested and therefore , none of these agent s is l ikely to 

be responsible for the ant ibacter ial act ivity of bovine seminal plasma . 

S ince var iations in bacter ial response to bovine seminal plasma and 

the selected ant imicrobial agent s are not assoc iated with simple conc entra

tion d ifferences , t he s ignif icanc e of dif ferenc es in the means and standard 

d eviation s of the inhibit ion zone diameters produc ed by bovine seminal 

pla sma and these agent s can be tested . A "D " test ( Ba iley 1968 ) wa s used 

to determine whether bovine seminal pla sma induced a bacter ial response 

with a mean inhibition zone diameter suf fic iently d ifferent from that 

induced by each test compound to ind icate lac k of identity . "D" is defined 

a s  

j + 

where there are n
l 

responses to bovine seminal pla sma having a mean X
l 

and an est imated var ianc e s
1

2 
, and n

2 
responses to a known inhibitor with 

mean x2 and varianc e s
2

2 
. A calculated "D "  value of 1 . 96 ind icates  that 

there wa s a differenc e between the two groups of responses at the 5% level 

of significanc e .  

TABLE XVI I  shows that bovine semina l pla sma di ffered sign ificantly 

from lysozyme , polylysine and salmine in it s effect on Gram-po sitive 

bacter ia , but did not di ffer significantly from · spermid ine or human 

seminal pla sma . �or Gram-negat ive bacteria , inhibit ion by bovine seminal 
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pla sma differed significantly from that of lysozyme , salmine , spermid ine 

and human seminal plasma , but not from that of polylys ine . Thu s  the diameter 

of the inhibit ion zone produced by bovine seminal pla sma differed 

s ignificantly from those produced by each of the selected antimicrobial 

agent s tested with Gram-pos it ive and/or Gram-negative bacteria . 

Several genera of bacter ia commonly assoc iated with urogenital tract 

infections in cattle were found to inc lude strains resistant to the bovine 

seminal plasma antibacterial activity.  These included Proteus spp . ( 5  out 

of 5 stra ins tested were not inhibited by bovine seminal plasma ) ,  

Provid enc e sp . ( 1/1 ) , Pseudomona s sp . ( 1/2 ) and Streptococcu s spp . _:.:: ! 5/l2)  . 

Nocard ia , some lactobac ill i  and staphylococc i  were also resistant to bovine 

seminal pla sma . Among the 1 6  bacterial strains resistant to bovine seminal 

pla sma ( TABLE XVI ) ,  resistanc e to human seminal pla sma , lysozyme and 

spermid ine were exhibited by 1 3 , 1 2  and 12 strains respect ively .  Only 3 

stra ins showed growth in the pre senc e of polylysine , and none were . resi stant 

to salmine . 

1 6 . 2 The Effect of Bov ine Seminal Pla sma on Mycoplasma s and Viru ses.  

Bovine seminal pla sma produced substantial inhibit ion zones (CHAPTER 

8 . 3  ) with several Mycoplasma spec ies : M .  arg inini , M .  arthr it idis , 

M .  hominis ( 2 strains ) and M.  ovipneumoniae ( 2 strains ) .  The se 

mycopla sma s were not sensit ive to lysozyme , polylysine , salmine or 

spermid ine ( TABLE XVI I I  ) .  The activity of bovine seminal plasma aga inst 

mycopla sma s wa s heat stable when heated to 6 0 ' C  for 60 minutes ( TABLE X I I ) . 

Two strains of T Mycoplasmas ( Ureaplasma s were inhibited by the 

incorporation of bovine seminal pla sma into their U
9 

growth medium (CHAPTER 

8 . 3 ) . Appropr iate controls grew read ily in the absenc e of bovine seminal 

pla sma . No ureapla sma s could be recovered on subculture from the test 

broths , ind icating the presenc e o f  a mycopla smic idal activity in bovine 

seminal pla sma . 

Subsequently bovine seminal pla sma wa s found to inact ivate several 

enveloped viruses , including Herpes viruses 1 and 2 , and the Infectious 

Bovine Rhinotracheit is ( IBR ) virus ( per sonal communication ,  Clar ke 1 97 6) . 



TABLE :>,'V I I I . 

MYCOPLASMAL SENS ITIVITY TO BOVINE SEMINAL PLASMA , HUMAN SEMINAL P;LASMA 

AND SELECTED ANTIHICROBIAL AGENTS . 

MYCOPLASMA DIAMETER OF INH IBIT ION ZONE (MH) WITH 
bovine human lysozyme poly- salmine spermi-
seminal seminal lysine dine 
plasma pla sma 

M .  arginini 23 . 00 0 0 0 0 0 
47 , 500 LzU ) 

e 

M .  arthr it idis  2 5 . 50 0 0 0 0 0 
91 , 000 LzU ) 

e 
M .  homin is A 27 . 00 0 0 0 0 0 

( 13 2 , 500 LzU ) 
e 

M .  hominis B 2 6 . 00 0 0 0 0 0 
( 1 02 , 500 LzU ) 

e 
M.  ovipneumoniae A 2 5 . 00 0 0 0 0 0 

81 , 000 LzU ) 
e 

M. ovipne.umoniae B 2 3 . 5 0 0 0 0 0 0 
5 5 , 000 LzU ) 

e 
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CHAP'l'ER 17 : THE MODE OF ACTION OF THE ANTIMICROBIAL ACTIVITY OF BOVINE 

17 . 1  

SEMINAL PLASMA . 

The M icroscopic Examination of Bac ter ia Treated with Bovine Seminal 
Plasma . 

A suspens ion of Micrococcu s lysode ikticu s c el l s  whic h gave a reading 

of 2 0  unit s in a Klett - Summer son color imeter f itted with a blue f ilter 

( 4 00 to 460nm) wa s prepared from a 24 hour culture in nutrient broth and 

"examined as a wet preparat ion under t he l ight microscope ( x 400  ) .  To test 

the effect of semen proteins on bacteria , bovine semina l pla sma or a c rude 

seminal pla sma extract ( 5% w/v solut ion of the ac etdne prec ipitated acid 

dialysate , CHAPTER 1 8 . 1  ) ,  wa s allowed to perfuse from one side of ,the 

cover slip to the other . C ellular morphology wa s examined under these condi

t ions for 1 hour : no lysis occurred and cellular definit ion rema ined good . 

When a 5% w/v solut ion of egg white lysoz yme wa s u sed for compar ison , the 

bacterial cells  aggregated and dist inct ion between individual cells in 

these aggregates became less apparent . The add ition of t he crude extract of 

bovine seminal plasma proteins to the c el l  su spension re sulted in the 

appearanc e of some amorphous material ; this could have been interpreted as 

lysed cell debr i s , exc ept that this material wa s al so produc ed in the 

absence of bac ter ia l  c el l s  when the extract was added to pur e nutrient 

broth.  This" may repre sent medium constitu ents prec ipitated from the broth 

solution . Intact cells were always pre sent within this d ebr is when bovine 

seminal pla sma wa s added to microc occal c ell suspension s .  

A study of the sensitivity of bacteria at different stages of growth 

failed to reveal any a lterat ion in the response of M .  lysodeikt icu s to 

bov ine seminal pla sma prote ins . No lysis occurred within 1 hour when 

crystals  of bovine seminal plasma extract ( CHAPTER 18 . 1  were added to 

4 samples of cell s in the logar ithmic growth pha se and 4 sampl es of cells  

from ear ly to late stationary growth phase . 

Leptospira pomona and L .  hard j o  were grown in E . M . J . H .  med ium 

(Bacto Leptospira Enr ichment EMJH , D ifco ) for 1 0  days at 2 5 ' C ,  treated 

with bovine seminal pla sma proteins and examined under dark field 

il luminat ion for morphological changes caused by contact with seminal 

pla sma . While a slide of a leptospira cultur e wa s under the microscope , a 

5% w/v solut ion of ac etone prec ipitated ac id d ialysate of bovine semina l 

plasma ( CHAPTER 18 . 1  ) wa s infu sed into the culture fluid from one side of 

a cover sl ip .  In a second experiment , crystal s of the same extract were 

plac ed in a drop of l eptospira culture , the drop wa s c overed with a cover

slip and the organism wa s examined for visible alterat ion s .  The crystals  
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were seen to dissolve in the culture f lu id , but the organisms remained 

active for at lea st two hour s in regions where the c rystal s  had d is solved . 

There was a sl ight increase in the apparent width of the bacteria but 

l ittle else was observed ; the l eptospira appeared to be resistant to 

the bovine seminal plasma antimicrobial effect s .  

17 . 2  Bac ter iostatic ver su s  Bacter ioc ida l  Effects of Bovine Seminal Pla sma . 

The effect of bovine seminal pla sma on bac terial c el l s  wa s examined 

by the method described in CHAPTER 8 . 4 , to determine the number o f  

bacter ia surviving after increa sing period s of time i n  contac t with the 

ant imicrobial material i solated from bovine seminal pla sma by ad sorption 

onto DNA ( CHAPTER 1 9 . 4 ) .  

Initial ly this a s say wa s  performed with Micrococcus lysodeikticus 

as t he test organi sm ; bra in heart infu sion ( BHI ) broth wa s used as a 

d iluent and BHI agar a s  the growth med ium to determine viable count s .  The 

response of M .  lysodeikt icu s to l Omg/cm
3 

of DNA extracted mater ia l  ha s 

been plotted in F IGURE TWENTY S IX . The init ial slower rate of death might 

be due to a protective effect a ssoc iated with BHI broth component s ,  or 

to the occurrence of pairs or groups of micrococca l  c el l s  whic h have 

generated a two -hit kill curve . To eliminate the former po ssibil ity , 

further stud ies wer e undertaken using a less r ic h  medium , i . e . nutr ient 

broth . In a l l  these subsequent exper iment s there wa s no trac e of a similar 

lag period before bacter ioc idal activity occurred . Death occurred rapidly 

in each population examined . Thus BHI medium may act as a non spec ific 

inhibitor of the antibacterial activity o f  the DNA extract , decrea s ing its 

effectiveness against sensitive bacterial c e l l s  by ad sorption and inact iva

t ion of the active princ ipl e ,  or by enabl ing some repair of the init ial 

damage to the cell s .  

Three other bacteria sensit ive to bov ine seminal pla sma by the 

agar well d iffusion a s say were tested in addit ion to M .  lysode ikt icus 

u sing nutrient broth medium ( FIGURE TWENTY SEVEN ) .  M. lysodeikticus 

in nutrient broth wa s rapidly killed by bovine seminal pla sma DNA extract 
3 

( 5mg/cm with no slow init ial rate of kill . Bovine semina l plasma DNA 
3 

extract ( 5mg/cm ) a l so s ignificantly decrea sed the viable populat ion o f  

Escherichia col i and P seudomona s f luoresc ens .  Its most rapid kill wa s of 

E. col i c ell s .  Further studies are necessary to expla in the apparent 

paradox in which N .  lyosde ikt icu s ,  a. more sensit ive bacter ium a ccord ing to 

the agar well diffusion assay ( 2 0 . 5mm inhibition zone diameter , APPENDIX 

F IVE ) wa s less rapidly kil l ed  by bovine seminal pla sma DNA extrac t in 
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nutrient broth studies than E.  col i l6 . 7 5mm inhibition zone diameter , 

17 . 2 5mm inhibition zone diameter , APPENDIX FIVE ) and Ps . f luorescens 

APPENDIX FIVE ) .  

3 
The bovine seminal plasma DNA extract ( 5mg/cm ) had no bacterio-

c idal activity against Bac illus subtilis in nutrient broth . Initially the 

bacterial growth in the test culture was retarded compared with the 

control culture in the absence of DNA extract , but the variation was 

slight , and within 3 hours no difference existed between test and control 

populations ( FIGURE TWENTY EIGHT ) .  Thi s  supports the evidence in 

CHAPTER 13 . 3 ,  TABLE XII , that the activity of bovine seminal plasma against 

B. subtilis i s  associated with a different heat labile compound , rather 

than the heat stable component responsible for the activity against M .  

lysodeikticus , E .  coli etc . 

17 . 3  A Compari son of the Antibacterial Activity of Bovine Seminal Pla sma 
and of the Activity of a Selection of Commercially Available 
Antibiotic s .  

Bacterial resistance to antibiotics i s  often as sociated with an 

alteration of a cellular component so that the antibiotic either does not 

reach or does not react in a typical manner at its target site within the 

bacter ial cell . In such a case , a mutation resulting in resistance to an 

antibiotic active at a specific target site may also enhance the cell ' s  

resistance to antibiotics functioning in a similar manner or affecting the 

same target site . For example , phenethyl alcohol is considered to attack 

the cell membrane with a consequent effect on DNA synthe sis . A single gene 

is responsible for conferring resistance to acriflavine and phenethyl 

alcohol in Escherichia coli ( Scott Foster & Russell 1971 ) and it has 

been postulated that resistance to acriflavine is at the membrane l evel 

also . S imilar correlations have been used in this study to obtain some 

indication of the nature of the antimicrobial activity in bovine seminal 

plasma on bacterial cel l s . 

The response patterns of 53 stra ins of bacteria to bovine seminal 

plasma and to a selected group of commercial antibiotics are recorded in 

APPENDIX FOUR. The antibiotics have been divided into four groups on the 

basis of their mode of action . Bacitracin,  cycloserine , penicillin and 

ristocetin are all cell wal l  assoc iated antibiotics . Col istin and polymyxin 

affect membrane integrity and sul fafurazole is a metabolic analogue . The 

other five antibiotics ( chloramphenicol , erythromyc in , kanamyc in , 

streptomycin and tetracycline ) all interfere with protein synthesis . The 

bacterial responses to these four antibiotic groups are summari sed in 

TABLE XIX . For a comparison of the responses of these organisms to bovine 
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TABLE XIX . 

THE CORRELATION BETWEEN RESISTANCE TO BOVINE SEMINAL PLASMA AND RES I STANCE TO A VARIETY OF ANTIBIOTICS . 

BACTERIUM NUMBER OF NUMBER OF RES ISTANT RESPONSES TO 
STRAINS bovine cell wal l  membrane protein metabolic 

seminal antibiotics antihiotics synthesis  analogue 
plasma ( 4 )  ( 2  ) antibiotics ( 1 )  

( 5 )  

Bacillus spp . % % % %. % 

sensitive 7 0/ '7 0 )  7/28 2 5 )  0/14 0 )  0/3 5  0 )  2/ 7 2 9 )  

resistant 2 2/ 2 ( 100)  2/ 8 2 5 )  2 /  4 5 0 )  1/10 1 0 )  2/ 2 ( loa)  

Corynebacterium spp . 
sensitive 4 0/ 4 0 )  8/16 5 0 )  1/ 8 1 3 )  2/2 0 1 0 )  3/ 4 7 5 )  

res i stant 3 3/ 3 ( 100)  6/12 5 0 )  4 /  6 67 ) 2/15 1 3 )  1/ 3 3 3 )  

Gram-positive Bacteria 
sensitive 2 1  0/2 1  0 )  24/84 29 )  6/42 14 ) 5/105 ( 5 )  12/2 1 57 ) 

resistant 6 6/ 6 ( 100)  8/24 3 3 )  7/12 5 8 )  3/3 0 ( 1 0 )  4 /  6 67 ) 

Gram-negative Bacteria 
sensitive 4 0/ 4 0)  14/16 ( 8 8 )  0/ 8 0 )  6/2 0  3 0 )  4/ 4 ( 10 0 )  

resi stant 6 6/ 6 ( 100) 24/24 ( 10 0 )  2/12 1 7 )  1 5/3 0 5 0 )  6/ 6 ( 10 0 )  
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seminal plasma and to the various antibiotics , the variations in the 

number of resistant organisms to each antibiotic group were examined with 

reference to their resi stance to bovine seminal plasma . 

Among Bac illus species , bovine seminal plasma resistant strains 

exhibited a higher frequency of resistant responses to antibiotics 

affecting bacterial cell membranes and to the metabolic analogue , sul fa

furazole , than did the strains sensitive to bovine seminal plasma . There 

was no significant increase in the number of resistant responses to 

antibiotics affecting protein synthesis and cell wal l  synthesis between 

bacteria sensitive to and those resistant to bovine sftminal plasma . 

Corynebacterium species which were resi stant to bovine seminal 

plasma , al so showed an increased frequency of resi stance to cell membrane 

a ssociated antibiotic s .  There was no significant increase in the frequency 

of resistance to antibiotics affecting cell wal l  synthesis , protein 

synthesis or folic acid metabolism .  

For those bacterial genera which did not show a variat ion i n  their 

response to bovine seminal plasma , less definitive conclusions could be 

reached . It was clear , however , that Gram�positive bacteria resistant to 

bovine seminal plasma showed a significant concomitant increase in the 

frequency of resistance to antibiotics affecting cell membrane integrity . 

Among Gram-negative bacter ia , those resistant to bovine seminal plasma also 

exhibited an increased frequency of resistance to antibiotics affecting 

cell wal l  synthesis , cell membrane integrity and protein synthesis . 

I n  summary , it is apparent that resistance to bovine seminal plasma 

failed to show a consistent relationship with responses to antibiotics 

associated with cell wal l  development , protein synthesi s ,  or to the 

metabolic analogue , sulfafurazole . A significant relationship did , however , 

occur between resistance to bovine seminal plasma and an increased 

frequency of resistance to antibiotics affecting cell membrane integrity . 

Thi s  supports the view that the cell membrane may be the focus of attack 

by the antimicrobial factor present in bovine seminal plasma . 

17 . 4  Further Evidence for the Cell Membrane being the Site of Act ion for 
the Antimicrobial Activity in Bovine Seminal Plasma . 

Thi s  work was undertaken by Dr B . D . W .  Jarvis ,  Department of 

Microbiology and Genetic s ,  Mas sey Univers ity , Palmerston North , New 

Zealand . 

In the presence of bovine seminal plasma , · bacteria sen sitive to 

its antimicrobiaL activity ( Bac il lus megaterium and Micrococcus 

) . 1 l I d 
14 . . b . . . d lysodeikticus rap1d y ost accumu ate C am1nO-1SO- utyr 1c aC1 , a non 



69 

metabolisable analogue o f  glycine and alanine . 

In addition , bovine seminal plasma completely prevented the 

accumulation of 
14

c valine , when the seminal plasma and 
14

c valine were 

added simultaneously to a suspension of B .  megaterium cell s .  Seminal plasma 

I I d h f I ·  f 
14 . . f a so s owe t e rate 0 accumu atlon 0 C vallne by a suspenslon 0 

Pseudomonas aeruginosa cell s ,  although these cells were resistant to 

bovine seminal plasma in the radial diffusion assay ( CHAPTER 4 . 3  ) .  

In Gram-negative bacteria , there was a relatively nonspec ific 

enhancement of resistance to a variety of antibiotics which was also 

associated with resi stance to bovine seminal plasma . ·This was thought to be 

due to a general decrease in the permeabil ity of the exterior lipo poly

saccharide cell layer in these cell s .  This hypothesis was supported by an 

examination of the effect of bovine seminal plasma on cellular content s .  On 

addition of bovine seminal plasma , . there was a mas sive leakage of cyto

plasmic material from suspensions of sensitive cells . Thi s  leakage was 

readily seen as an increase in the absorbance of the supernatant at 240 to 

290nm . Thi s increase was not attributable to the absorbance of bovine 

seminal plasma , and d iffered from the material released by the French pres s  

which had greater absorbance between 250  t o  270nm . Ps . aeruginosa , a 

resistant organism ,  showed less leakage than the sen sitive bacteria in the 

presence of - bovine seminal plasma , but some degree of damage to cell 

membrane integrity was apparent even in these cells . 

When osmotically sensitive cells were prepared by lysozyme treatment 

of B .  megaterium and H .  lysodeikticus , exposure of these cells to bovine 

seminal plasma caused immediate and complete lysis . No intact cells could 

be observed . Osmotically sensitive cells of the resi stant Ps . aeruginosa 

also underwent immediate and complete lysis on addition of bovine seminal 

plasma . Thus , damage to cell wal l integrity can render a formerly 

resistant bacterium sensitive to the action of bovine seminal plasma . 

There was no evidence of damage to the cell wal ls of B .  megaterium 

and M .  lysodeikticus after contact for 30 minutes with bovine seminal 

plasma . Microscopic examination showed intact cells staining rather more 

lightly with me·thylene blue after exposure to the bovine seminal plasma . 
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RESULTS PART FOUR 

THE ISOLATION AND CHARACTERISATION OF AN ANTIMICROBIAL FACTOR . 

FROM BOVINE SEMINAL PLASMA . 

CHAPTER 18 : PRELIMINARY ATTEMPTS TO ISOLATE A FACTOR RESPONSIBLE FOR 

THE ANTIMICROBIAL ACTIVITY OF BOVINE SEMINAL PLASMA . 

18 . 1  Acid Dialysis and Acetone Prec ipitation to give a Crude Preparation 
of an Antimicrobial Compound present in Bovine Seminal Plasma . 

Dialysis of bovine seminal plasma adj usted to pH 2 . 5  with HCl against 

an equal volume of distilled water adj usted to pH 2 . 5  with HC1 for - 3 days 

at 4 ' C , resulted in 14% of the activity diffusing through the membrane 

( CHAPTER 15 . 2  ) .  The active material in the dialysate was precipitated by 

the addition of 8 volumes of acetone . This precipitate was collected by 

centrifugation at 4 ' C  and 12 , 000 rpm for 20 minutes .  No activity remained 

in the supernatant . The prec ip itate was dried in a vacuum deSiccator over 

concentrated H
2

S0
4 

at 4 ' C  for 4 days . 

The protein content of whole seminal plasma and the prec ipitated 

material were determined by Kj eldahl-Gnnning digestion and the Crismer 

modified Van Slyke & Hiller procedure for ammonium determination CHAPTER 

9 . 1  ) .  The specific activity of the precipitated material showed a three

fold increase over that of whole seminal plasma ( TABLE XX ) . 

The absorbance spectrum of this preparation was similar to the 

spectrum obtained with whole bovine seminal plasma ( FIGURE TWENTY TWO 

CHAPTER 1 5 . 1  ) .  

Native polyacrylamide gel electrophoresis ( CHAPTER 7 . 5  gave 

multiple bands of both cationic and anionic material at pH 8 . 6  • Two maj or 

cationic bands were observed and recorded by densitometric tracings of the 

slab gel ; these bands were distinct from those exhibited by whole bovine 

seminal plasma and lysozyme ( CHAPTER 15 . 4  , FIGURE TWENTY THREE ) .  By 

overlaying the gel with nutrient agar seeded with M. lysodeikticus ( CHAPTER 

7 . 6  ) it could be demonstrated that the antibacterial activity of this 

preparation was associated with at least two of the cationic protein bands 

( CHAPTER 15 . 4  , FIGURE TWENTY FOUR ( a )  and (b) and FIGURE TWENTY FIVE ( a )  

and ( b )  ) .  Several other protein bands were also present but these were 

not observed to exhibit antibacterial activity . 

The above acid dialysis and acetone precipitation was used to obtain 

partially purified material which could be employed to investigate other 



TABLE XX . 

THE ANTIBACTERIAL ACTIVITY , NITROGEN CONTENT AND SPECIFIC ACTIVITY OF 

ACETONE PRECIPITATED ACID DIALYSATE MATERIAL AND WHOLE BOVINE SEMINAL PLASMA 

MATERIAL ANTIBACTERIAL NITROGEN CO�TENT SPECIFIC ACT�VITY 
ACTIVITY* (mg N / cm ) ( LzU Jmg N ) 

e 

bovine seminal 3 . 6  x 10
4 

9 . 10 3 . 96 x 10
3 

plasma 

precip itate 6 . 4  x 10 
3 

0 . 57 1 . 12 x 10 
4 

FOOTNOTE : * Activity expressed as lysozyme unit equivalents ( LzU ) ,  see 
e 

CHAPTER 4 . 4  
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techniques for purifying the compound ( s ) respons ible for the antimicrobial 

activity of bovine seminal plasma . 

18 . 2  Ion Exchange Chromatography of Bovine Seminal Plasma . 

Native polyacrylamide gel electrophoresis of bovine seminal plasma 

and the acetone precipitated material from acid dialysis of bovine seminal 

plasma ( CHAPTER 15 . 4  ) showed that the antimicrobial activity was 

associated with proteins which migrated as cationic moieties at pH 8 . 6  • I t  

was therefore decided t o  investigate the u s e  of cationic exchange resins to 

separate the active compounds from other proteins in bovine seminal plasma . 

18 . 2a Choice of Cationic Resin and Optimum Conditions for the Adsorption 
of Antimicrobial Activity from Bovine Seminal Plasma . 

Five cationic exchange resins were tested at five different pHs ,  to 

determine which resin adsorbed the greatest amount of antimicrobial 

activity and the least amount of extraneous protein from the partially 

puri fied ( acetone prec ipitated acid dialysate of bovine seminal plasma , 

CHAPTER 18 . 1  ) preparation of the antimicrobial factor ( s )  in bovine seminal 

plasma . The resins tested , the buffers chosen and the method used in this 

study are described in CHAPTER 9 . 2a , CHAPTER 9 . 2b and CHAPTER 9 . 2c . 

The absorbance of supernatants from solutions of thi s material after 

contact with the various resins to be tested was recorded ( CHAPTER 9 . 2  ) ,  

and the percent protein adsorbed by e�ch resin . at each pH was calculated 

using the absorbance at 277nm as a measure of the remaining prote in , which 

was not adsorbed by the resin . These values are recorded in TABLE XXI . 

Values for absorbance at pH 8 . 6  were not possible as the barbiturate 

buffer used at this pH interfered with the absorbance at 2 77nm .  

Each supernatant was run by native polyacrylamide gel electro

phoresis ( CHAPTER 7 . 5  ) following contact with a given resin to determine 

whether specific prote in bands had been removed by that resin ( FIGURE 

TWENTY NINE ) .  Dowex 50 - XA adsorbed l ittle of the proteins present , only 

noticeably decreasing those proteins most highly cationic . Amberl ite IR-120 

and Whatman CM3 2  removed the major protein peak as well as some of the 

most rapidly migrating protein , but the slower moving peaks remained intact . 

Amberlite IRC- SO and Sephadex SP 25  removed large amounts of most of the 
c 

protein present , although the faster moving peaks were more apparent in the 

Sephadex treated supernatant than in the Amberlite IRC-SO treated sample . 

The supernatants were also tested for antibacterial activity using 

the radial diffusion assay with M .  lysodeikticus as the indicator organism 

( CHAPTER 4 . 3  ) .  The percent activity adsorbed by each resin was calculated 
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from the amount o f  activity present in the original sample and the amount 

remaining in the supernatant after contact with the resin ( TABLE XXI ) .  

From these results it can be concluded that Amberl ite IRC-50 and 

Whatman CM
32 

were both able to adsorb all of the antibacterial activity 

present in the partially purified preparation of bovine seminal plasma 

proteins in the 30 minute contact time al lowed . Thi s  activity is located 

in the more rapidly moving proteins under conditions of native polyacryl

amide gel electrophoresis , since it is these proteins which disappeared 

in all instances where activity had been adsorbed by the resin . 

It was decided to use Amberlite IRC- 50 resin for the c ationic 

exchange chromatography of bovine seminal plasma proteins ,  s ince thi s  

resin required n o  pretreatment prior t o  equilibration with the appropriate 

buffer and was available in a bead form which possessed enhanced flow 

properties compared to the Whatman CM
32 

ion .exchange resin . The optimum 

pH was chosen a s  that which al lowed maximum adsorption of the antibacterial 

activity with minimum protein adsorption . Complete adsorption of the 

active fraction with lowest non- specific protein adsorption occurred at 

pH S . O  

IS . 2b Ion Exchange Chromatography of Bovine Seminal Plasma Proteins . 

Two columns ( CHAPTER 9 . 2d ) were packed with Amberlite IRC- 50 

resin equil ibrated with pH S . O  Tris / HCl buffer , loaded with partially 

puri fied ( CHAPTER lS . l  ) bovine seminal plasma protein s ,  and then the 

adsorbed proteins were eluted in a stepwise method off the ion exchange 

resin . .  The results of absorbance studies and antibacterial assays on 

aliquots taken from the collected fractions are recorded in FIGURE THIRTY . 

At least three protein peaks eluted off the cationic exchange resin at 

different ionic strengths were found to exhibit antibacterial activity . 

Thi s  variation in the affinity of the antibacterial factor ( s )  may 

have been assoc iated with the multivalent type of buffer used as an 

eluant . It was therefore dec ided to investigate the cationic exchange 

characteristics of a similar column using a simple anionic / cationic 

buffer ( Ph S . O  phosphate buffer ) .  This el iminated any variation in the 

affinity of the antibacterial factor ( s )  assoc iated with interactions 

between the compound responsible for the activity and the Tris molecules 

in the original buffer . Us ing O . 005M Na
2

HP04 / NaH
2

P0
4 

buffer , followed by 

stepwise elutions with O . OlM , O . 05M , O . lM ,  O . 2M and O . 4M solutions , 

similar results were obtained in the protein pro files and antibacterial 

activity locations of the eluates to those obtained using the Tr is / HCl 



TABLE XXI . 

THE PERCENTAGE OF PROTEIN AND ANTIBACTERIAL ACTIVITY ABSORBED 

BY CATION EXCHANGE RESINS AT VARYING PH . 

RES IN PH PERCENT PROTEIN PERCENT ACTIVITY 
ADSORBED ADSORBED 

( %  A in 00
277

) ( %  A in Activity) 

Amber1 ite IR-120 7 . 6  0 2 2  
8 . 0  0 64 
8 . 6  50  
9 . 0  0 53 
9 . 6  8 37  

Amber1ite IRC- 50 7 . 6  3 3  100 
8 . 0  2 6  100 
8 . 6  100 
9 . 0  2 6  1 00 
9 . 6  3 6  100 

Dowex 50-XA 7 . 6  3 67 
8 . 0  8 64 
8 . 6 2 1  
9 . 0  6 52 
9 . 6  1 3  2 4  

Sephadex SP 2 5  7 . 6  36 - 4 2  
c 

8 . 0  4 8  - 2 8  
8 . 6  - 57 
9 . 0  34  - 58 
9 . 6  3 9  - 4 2  

Whatman CM
3 2  

7 . 6  53 100 
8 . 0  34 100 
8 . 6  100 
9 . 0  24 100 
9 . 6  4 2  100 
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" Ambe r l ite I RC-SO Ion Exchange Chromatography ( CHAPTER 18 . 2 ) 
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buf fe r . 

Shaded areas (�\) under protein pea k s  denote samp l e s  with 

Ant ibac t erial Activity . 
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buffer system ( FIGURE THIRTY ONE ) .  A larger protein peak was eluted with 

0 . 05M phosphate buffer than with similar strength Tris buffer ; the anti

bacterial activity was not confined to thi s peak , but again occurred, in 

three separate protein peaks from eluates of different ionic strengths . 

l8 . 2c The Effect of Sephadex SPc 25  Treatment on Bovine Seminal Plasma 
Proteins . 

I t  is of intere st to note that when Sephadex SP 25  cation exchange 
c 

resin was used to treat a partially purified preparation of bovine seminal 

pla sma proteins Acetone prec ipitated acid dialysate , CHAPTER 18 . 1  ) , the 

activity of the treated material was greater than that of the original 

sample , although from protein absorption studies it was cl ear that the 

resin had adsorbed substantial amounts of protein from the solution ( TABLE 

XXI ) .  The maximum enhancement of antibacterial activity occurred at pH 

9 . 0  ; the supernatant after adsorption with Sephadex SP 25  had 158% of the 
c 

activity and 66% of the protein as compared with the original untreated 

material . On native polyacrylamide gel electrophoresis ( CHAPTER 7 . 5  ) ,  

the maj or cationic peak pre sent in the untreated preparation was absent 

a fter Sephadex SP 2 5  treatment , and although cationic material was present 
c 

there was l ittle banding , rather , there was a continuous migration from 

the source . ( FIGURE TWENTY NINE ) .  

A further study , using Ig of resin equilibrated to pH 9 . 0 in boric 
3 3 

acid / borate buffer to treat 6cm of a 7mg/cm solution of partially 

purified material ( CHAPTER 18 . 1  ) ,  resulted in a 5x increase in the 

antibacterial activity of the treated material ( TABLE XXI I  ) .  



Q) 
u 
c 

0'8 

cO 0'4 .0 I-i 
o 
til � 

Q) u C cO .0 I-i 
o 
(fl 

� 

0'8 

F1GUKE THI RTY ONE :  

(A)  Column 1 .  

E l uate Tube Number 

( B )  Column 2 .  

Eluate Tube Number 

Ambe r l i t e  I RC- 5 0  Ion Exchange Chromatography ( CHAPTER 18 . 2 ) 
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PH 

7 . 6  

8 . 0  

8 . 6  

9 . 0  

9 . 6  

repeat 

9 . 0  

TABLE XXI I . 

THE EFFECT OF SEPHADEX TREATMENT ON THE ANTIBACTERIAL ACTIVITY 

OF BOVINE SEMINAL PLASMA PROTEINS . 

ORIGINAL ACTIVITY* 

9 , 000 

1 0 , 000 

10 , 000 

9 , 000 

7 , 900 

27 , 750  

ACTIVITY* IN  SUPERNATANT 
AFTER SEPHADEX TREATMENT 

12 , 7 5 0  ( 14 2 % )  

12 , 7 5 0  ( 128% )  

14 , 300 ( 14 3 % )  

14 , 2 50 ( 158% ) 

1 1 , 250  ( 14 2 % )  

14 0 , 000 ( 5 05%)  

FOOTNOTE * activity expressed as lysqzyme unit equivalents ( LzU ) ,  see 
CHAPTER 4 . 4  e 
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CHAPTER 1 9 : DEOXYRIBONUCLEIC ACID ( DNA ) ISOLATION OF A COMPOUND 

RESPONSIBLE FOR SOME OF THE ANTIMICROBIAL ACTIVITY OF 

BOVINE SEMINAL PLASMA . 

Once it was observed that the antibacterial activity in bovine 

seminal plasma exhibited varying affinities for the ion exchange re sin , 

Amberlite IRC- 5 0 ,  attempts were made to find a material to which the 

antibacterial activity might have a strong and highly specific binding 

relationship . The compound { s )  under investigation was of a c ationic nature , 

and it was decided to explore its affinity for deoxyribonucleic acid ( DNA ) ;  

it was possible that the compound { s ) involved might imitate the histones in 

their highly specific interaction with DNA , a multi-anionic biopolymer . 

19 . 1  Conditions for the Adsorption " of  the Antibacterial Activity onto 
DNA . 

The adsorption by DNA of antibacterial activity from bovine seminal 

plasma was te sted under a variety of conditions to determine those which 

allowed adsorption of the greatest amount of antibacterial activity by a 

g iven amount of DNA ( CHAPTER 10 . 1  ) .  

19 . 1a The Effect of pH on the Ability of DNA to Adsorb the Active Factor 
from Bovine Seminal Pla sma . 

Bovine seminal plasma at pH 6 . 0 ,  7 . 0  and 8 . 0  was treated with 

varying amounts of DNA and the amounts of antibacterial activity adsorbed 

in each treatment was calculated ( CHAPTER 10 . 1  ) ,  by measuring the 

decrease in activity in the supernatant following adsorption . As can be 

seen in FIGURE THIRTY TWO , DNA adsorbed the greatest amounts of antibacterial 

activity at pH 8 . 0  

19 . 1b The Buffering Effect of DNA . 

The addition of DNA to bovine seminal plasma resulted in a change in 

pH . The amount of 0 . 2M Na
2

HP0
4 

/ NaH
2

P0
4 

pH 8 . 0  buffer required to hold a 
3 

5mg/cm DNA solution at pH 8 . 0  was determined . The results included in 

FIGURE THIRTY THREE , establ ished that 0 . 1 5cm
3 

buffer per lcm
3 

DNA solution 

will maintain the pH following the addition of DNA to bovine seminal plasma . 

This amount of buffer was there fore added to each seminal plasma sample 

after adj ustment to pH 8 . 0  with NaOH , to ensure a constant pH throughout 

the period of adsorption . 

19 . 1c Amount of DNA Required for Maximum Adsorption of Antibacterial 
Activity at pH 8 . 0 . 

Increasing amounts of DNA resulted in increa sed amounts of activity 

being adsorbed from pH 8 . 0  buf fered bovine seminal plasma at room 
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F IGURE THIRTY TWO : 
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on the Amount o f  Antibacterial Activity Adsorbed by 

DNA from Bovine Seminal Plasma . 
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F IGURE THI RTY THREE : 
The Buffering Capac ity i f  DNA , used to determine the 

amount of buf fer required to ensure a constant pH 8 . 0  on 

addition of DNA to Bovine S eminal Pla sma . 
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temperature with 1 hour contact time ( FIGURE THIRTY FOUR ) .  lOmg DNA /cm
3 

seminal plasma was chosen for use in the general extraction process . 

19 . 1d The Effect of Contact Time on the Adsorption of Antibacterial 
Activity. 

The amount of antibacterial activity adsorbed by DNA from pH 8 . 0  

buffered bovine seminal plasma after 1 hour contact time differed only 

s lightly from that adsorbed when DNA was left a further 18 hours ( FIGURE 

THIRTY FIVE ) .  There was some indication , however ,  that the increased 

time allowed closer binding of the active factor to DNA TABLE XXI I I  ) .  

The washes of the DNA-protein complex formed after 1 hour contact t ime 

( 10mg DNA/cm
3

seminal plasma ) contained substantially more activity ( 31%  

of the original antibacterial activity in bovine seminal plasma ) ,  than 

the washes of complexes al lowed longer contact time ( 12 . 5% of original 

activity ) .  The increase in the amount of activity adsorbed during 18 hours 

contact time was not considered suffic ient to prolong the extraction 

process ,  and , therefore , 1 hour contact time was selected for normal use . 

19 . 1e  The Effect of Temperature on the Adsorption of Antibacterial 

Activity . 

Holding the DNA/seminal plasma mixture at 60 ' C  i ncreased the amount 
3 

of  antibacterial activity adsorbed by lOmg DNA/cm seminal plasma to 7 6 . 8% 

of the original activity compared with 5 6 . 4 % when the adsorption was 

performed at room temperature ( TABLE XXIV ) .  All extractions were 

therefore carried out at 60 ' C .  

19 . 1f Recycl ing Bovine Seminal Plasma after DNA Extraction . 

After removal of the DNA-protein complex , the supernatant still 

contained some antibacterial activity . It was therefore decided to re-treat 

this solution with fresh DNA to investigate the pos s ibility of recovering 

additional activity from previously adsorbed seminal plasma . For thi s  

experiment i t  was necessary to dilute the supernatant 1 : 1 with p H  8 . 0  

phosphate buffer ,  in order to decrease the salinity of the seminal plasma 

to enable the added DNA to dis solve . A further 36 . 9 % of the remaining 

activity , or 10 . 5% of the original activity was adsorbed by the fresh 

addition of lOmg DNA/cm
3 

seminal plasma . 

From the se studies it was concluded tha t the optimum conditions for 

the maximum adsorption of antibacterial activity from bovine seminal plasma 

by DNA required the use of lOmg of highly polymerised DNA per cm
3 

bovine 

seminal plasma at pH 8 . 0  . The DNA was left in contact with the seminal 

plasma for 1 hour at 60 ' C  to permit the formation of complexes between the 
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TABLE XXI I  I . 

THE EFFECT OF CONTACT TIME ON ADSORPTION OF ANTIBACTERIAL ACTIVITY 

FROM BOVINE SEMINAL PLASMA BY DNA . 

CONTACT TIME AMOUNT DNA ORIGINAL ACTIVITY ACTIVITY 
(mg/cm3 ) ACTIVITY REMAINING ADSORBED 

(LzU ) e ( LzU ) 
e 

(LzU ) 
e 

1 hour 5 19 , 3 1 0  S/N* 3 , 87 5  

W # 645 
1

¢ 64 5  W2 
5 , 16 5  14 , 14 5  ( 7 3 . 3 % )  

1 hour 1 0  19 , 310 S/N* 2 , 77 5  

W # 1 , 12 5  
1 ¢ 

W
2 

443  

4 , 34 3  14 , 967 ( 7 7 . 5% )  

1 8  hours 5 1 9 , 190 S/N* 3 , 87 5  

W # 1 , 350 
1 ¢ 

W
2 

4 4 3  

5 , 668 13 , 588 ( 7 0 . 5 % )  

18 hours 1 0  19 , 190 S/N* 2 , 4 00 

W # 300 
1¢ 

0 W
2 

2 , 7 00 16 , 4 90 ( 8 5 . 9 % )  

FOOTNOTES * SIN supernatant after DNA treatment . 
# 

W
I 

the first wash of the DNA-protein complex . = 

¢ 
W

2 
the second wash of the DNA-protein complex . 



TABLE XXIV . 

THE EFFECT OF HEAT ON THE ADSORPTION OF ANTIBACTERIAL ACTIVITY 
3 

FROM BOVINE SEMINAL PLASMA BY DNA ( 10mg/cm ) .  

TEMPERATURE ORIGINAL ACTIVITY 
( LzU ) e 

Ambient ( 2 5 ' C ) 55 , 000 

Heat ( 60 ' C) 5 5 , 000 

ACTIVITY REMAINING 
( LzU ) 

e 

24 , 000 

12 , 750  

TABLE XXV . 

ACTIVITY ADSORBED 
( LzU ) 

e 

3 1 , 000 ( 56 . 4 % )  

4 2 , 550 ( 7 6 . 8% )  

THE DISSOCIATION OF THE DNA-PROTEIN COMPLEX IN THE EXTRACTION 

OF ANTIMICROBIAL FACTORS FROM BOVINE SEMINAL PLASMA . 

METHOD ORIGINAL ACTIVITY ACTIVITY ACTIVITY PERCENT 
ACTIVITY REMAINING ADSORBED RECOVERED YIELD 

-

( LzU ) 
e 

( LzU ) 
e 

( LzU ) ( LzU ) 
e e 

NaC1 7 6 , 500 21 , 000 55 , 500 7 , 2 00 13 . 0  
dissociation 

HC1 7 6 , 500 21 , 000 5 5 , 500 4 , 3 7 5  7 . 9  
dissociation 

Citrate 7 6 , 500 2 1 , 000 55 , 500 4 2 , 000 7 5 . 7  
dissociation 
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active factor ( s )  and the DNA . The DNA-protein complex ( e s )  was harvested by 

increasing the sal inity of the seminal plasma to 0 . 14M NaCl which decreased 

the solubility of the DNA-prote in complex ( e s ) . Thi s  complex ( e s )  was washed 

with 0 . 14M saline to remove any non-adsorbed seminal plasma proteins , and 

once c lean of contaminating proteins was harvested by centrifugation . The 

resultant material was treated to dissoc iate the DNA-protein complex ( e s )  

and t o  recover the active moiety , free of the DNA carrier . 

19 . 2  Conditions for the Dissociation of the DNA-Protein Complex . 

Several methods were investigated in attempts to recover the active 

moiety from its complex ( e s )  with DNA . 

19 . 2 a  2M NaCl was u sed to dis sociate the DNA-protein complex ( TABLE XXV ) ,  

followed by precipitation of the free DNA with an equal volume of ethanol . 

This yielded 13%  o f  the activity calculated to have been adsorbed onto 

the DNA . 

19 . 2b The DNA-protein complex was dissolved in distilled water and made 

0 . 2N with re spect to HCl ; thi s  precipitated the released DNA and the 

supernatant contained 7 . 9% of the activity calculated to have been 

adsorbed onto the DNA . 

1 9 . 2c 2M Sodium citrate was used to dissociate the complex and then 

the solution was adj usted to O . SM c itrate to allow assay of the anti -

bacterial activity pre sent CHAPTER 4 . 4  ) .  The released DNA was 

precipitated with an equal volume of ethanol ; this method yielded 7 5 . 7 % of 

the activity calculated to have been adsorbed onto the DNA . 

Thi s  level of c itrate was chosen since increas ing c itrate concentra

t ions in the original seminal plasma decreased the ability of DNA to 

complex with the antibacterial factor ( s )  (FIGURE THIRTY SIX ) .  At O . SM 

c itrate no activity was adsorbed by DNA ; the presence of c itrate was 

thought to have blocked the interaction of DNA with the active moiety and 

prevented the formation of the DNA-protein complex ( e s )  . Because of this 

it was postulated that this molarity of c itrate would also dissoc iate the 

complex ( e s )  once it was formed . 

Thus , dissoc iation of the washed DNA-protein complex ( e s )  was best 

achieved by resuspending the pellet in O . SM sodium citrate . The released 

DNA was then prec ipitated out of solution by the addition of an equal 

volume of ethanol , and removed by centri fugation at 4000 rpm for 15 

minutes . This left the active moiety released from the DNA-protein 

complex in a citrate/ethanol solution : 
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1 9 . 3  Recovery of the Active Fraction from the Citrate/Ethanol Solution . 

Several methods were tested for the recovery of the antimicrobial 

factor from the citrate/ethanol solution after dissociation of the DNA-

protein complex , and removal of the free DNA . 

19 . 3 a  Ammonium sulphate precipitation at 2 0 ,  30 , 4 5 , 5 0 ,  55 , 60 and 70% 

levels precipitated very l ittle of the antimicrobial activity present in 

solution . 

19 . 3b Acetone precipitation ( 6 volumes acetone : 1 volume active solution 

in slightly acid conditions brought down some of the activity , although 

some activity was still present in the supernatant . 

1 9 . 3c I f  the c itrate/ethanol solution was held below O ' C , some of the 

c itrate crystalli sed out and could be removed by centrifugation in the cold 

( O ' C ) at 10 , 000rpm for 15 minutes . The antibacterial activity in the 

supernatant could be prec ipitated out in a �elatively pure form by the 

addition of increas ing amounts of ethanol . A further I : I dilut ion with 

ethanol gave a large precipitate which was removed by a further centrifuga

t ion , but which contained l ittle antibacterial activity . The next addition 

of an equal volume of ethanol ( 87 . 5% e"thanol v /v ) to the re sultant 

supernatant yielded a precipitate with high antibacterial activi ty i l ittle 

or no activity remained in the supernatant . This completed procedure 

represented a 1 : 7 d ilution with ethanol of the original citrated solution . 

19 . 4  Summary of the Extraction Process for the I solat ion of an Anti

bacterial Factor from Bovine Seminal Plasma by Adsorption onto DNA . 

The final extraction process adopted to isolate the factor 

responsible for at least some of the antimicrobial activity present in 

bovine seminal plasma is summarised in FIGURE THI RTY SEVEN . 

There were some minor variations in successive extraction runs . The 

amount of activity adsorbed onto the DNA ranged from 53 . 4 % to 7 6 . 7 %  of the 

total activity pre sent in bovine seminal plasma . Often the amount of 

activity removed from the DNA-protein complex was greater than the amount of 

activity calculated to have been adsorbed . This may have been due to an 

enhancement of the activity of the factor ( s )  in the absence of other 

seminal plasma con stituents .  

A representative calculation associated with the extraction of 

antimicrobial compounds from bovine seminal plasma is shown in TABLE XXVI . 



BOVINE SEMINAL PLASMA 
( pH 8 . 0 ,  phosphate buffered) 

DNA ( l Omg/cm
3

) 

60 ' C  

60 minutes 

PRECIPITATION OF DNA-ACTIVE FACTOR COMPLEX 
(by increas ing NaCl concentration to 0 . 14M) 

centrifugation 
( 4 , 000 rpm for 20 minutes)  

DNA-ACTIVE FACTOR COMPLEX 

wash 3x in 0 . 14M NaCl to 
remove contaminating 
proteins 

DISSOCIATION OF DNA ACTIVE FACTOR COMPLEX 
( suspend in 2M citrate , dilute to 0 . 5M 

with distil led water to original volume) 

� . 
PRECIPITATION OF FREE DNA 
( 1 : 1  dilution1 W:::

t
::::::::on 

_ 

( 4 , 000 rpm for 20  minutes)  

�,----------------------------�, 
DNA ACTIVE FACTOR 

( in citrate/ethanol solution ) 

hold at O ' C  for precipitation 
of c itrate crystals 

SUPERNATANT 

centrifugation ( O ' C  , 10 , 000 rpm 
for 15 minutes )  

SUPEIJ;rATANT 
, 

PRECIPITATE 
( no antibacterial activity) 

1 : 1  dilution with ethanol 

centrifugation ( O ' C ,  
10 , 000 rpm for 1 5  minutes)  

SUPERNATANT 
, 

PRECIPITATE 
( low or no antibacterial activity) 

1 : 1  di lution with ethanol 

centri fugation ( O ' C ,  
10 , 000 rpm for 15 minutes)  

r-----�L-----------------------------� 
SUPERNATANT 
( low or no ant ibacterial 

activity ) 

PRECIPITATE 
(HIGH ANTIBACTERIAL ACTIVITY) 

FIGURE THIRTY SEVEN : 
Format for the i solation of an antibacterial factor from 

bovine seminal plasma by adsorption onto DNA . 



TABLE XXVI . 

CALCULATIONS OF THE AMOUNT OF ANTIBACTERIAL ACTIVITY HARVESTED 

FROM BOVINE SEMINAL PLASMA DURING A RUN OF THE DNA EXTRACTION PROCESS . 

ACTIVITY 
( LzU /cm3) 

e 

ACTIVITY IN SEMINAL PLASMA 18 , 2 50 

Activity in Supernatant after 7 , 500 
DNA treatment 

Activity in Wash 1 2 , 900 

Activity in Wash 2 1 , 900 

Activity in Wash 3 1 , 025  

ACTIVITY REMAINING IN SUPERNATANT 
AND WASHES 

ACTIVITY ADSORBED BY DNA 

Amount recovered in 

1 1 precipitate 

1 3 precipitate 

1 7 prec ipitate 

TOTAL AMOUNT RECOVERED FROM DNA 

657 , 000 

ACTIVITY 
( LzU /mg ) 

e . 

0 

86  

2 , 250  

VOLUME TOTAL 
( cm3) ( LzU ) 

e 

3 6 . 00 657 , 000 

16 . 50 123 , 7 5 0  

15 . 7 5 45 , 675  

17 . 7 5 33 , 7 2 5  

2 1 . 00 21 , 525 

224 , 675  

- 224 , 675 = 432 , 3 2 5  ( 66% )  

WEIGHT TOTAL ---

(mg) (LzU ) 
e 

153 . 6  0 

2 , 928 . 8  251 , 877 

2 34 . 8  528 , 3 00 

780 , 177 ( 180%)  

NB : The Total Activity Recovered ( 780 , 177 LzU ) was greater than that e 
calculated as having been adsorbed by the DNA from the original bovine 

seminal plasma ( 4 3 2 , 325  LzU ) .  
e 



CHAPTER 2 0 :  CHARACTERISATION OF THE ANTIMICROBIAL FACTOR ISOLATED 

FROM BOVINE SEMINAL �LASMA BY DNA ADSORPTION . 

PART A : BIOLOGICAL PROPERTIES 

2 0 . 1 Antimicrobial Activity . 

78  

The material eluted from DNA was tested by the radial diffusion 

a ssay ( CHAPTER 4 . 3  ) ; it inhibited M . lysode ikticus , E .  col i ,  S .  aureus , 
1 - . 

and a Bac illus sp . , but had no effect on P .  vulgaris ; this latter strain 

was also resi stant to whole bovine seminal plasma . Several Mycoplasma spp . , 

M .  hominis ( 2 strains ) ,  M .  arthritidi s ,  M .  ovipneumoniae , were also 

inhibited by the i solated antimicrobial factor ( CHAPTER 8 . 3  ) .  This 

spectrum of activity was similar to that of the heat stable activity 

observed with whole bovine seminal plasma ( TABLE XXVI I ) .  It has been 

concluded that the factor isolated from bovine seminal plasma by adsorption 

onto DNA is a significant component of the heat stable activity seen in 

whole bovine seminal plasma . 

It was also demonstrated that the extracted material exerted a rapid 

bacteriocidal effect on M .  lysodeikticup , E. coli and Ps. fluorescens 

( CHAPTER 17 . 2  , FIGURE TI'ffiNTY SEVEN ) .  

2 0 . 2 The Specific Activity of DNA- i solated Material . 

The protein content of whole bovine seminal plasma and DNA- i solated 

material was measured according to the method of Lowry et al ( 1951 ) using 

egg white lysozyme as the reference protein ( CHAPTER 10 . 2  ) .  

The DNA- isolated antimicrobial factor had 15x higher spec ific 

activity B . O  x 10
3 

LzU /mg protein ) than the original bovine seminal 
2 

e 
plasma 5 . 24 x 10 LzU /mg protein ) .  

e 

PART B : PHYS ICO-CHEMICAL PROPERTIES : 

2 0 . 3 The Effect of Trypsin Treatment . 

DNA�i solated material lost 60% of its activity when exposed to 

trypsin for 30 minutes at 3 0 ' C  ( CHAPTER 7 . 2  ) , see TABLE XXVI I I .  Thi s  is a 

proportionally lower loss than that sustained by whole seminal plasma after 

similar treatment ( TABLE IX ) .  

2 0 . 4  The Effect of Periodate Treatment . 

The antibacterial activity of DNA-isolated material was not affected 

by periodate treatment CHAPTER 7 . 3  ) ,  see TABLE XA�I I I . This agrees with 

FOOTNOTE 1 
b . . acter lum lsolated by Shannon et al ( 1974 ) .  



TABLE XXVI I .  

COMPARISON OF THE SPECTRUM OF ACTIVITY OF .DNA- ISOLATED MATERIAL 

WITH THAT OF WHOLE BOVINE SEMINAL PLASMA . 

TEST ORGANISM ACTIVITY ( LzU /mg protein) IN 
e 

BOVINE SEMINAL HEATED BOVINE 

Micrococcus lysodeikticus 

E scherichia coli 

Proteus vulgaris 

Staphylococcus aureus 

Staphylococcus aureus 

Bac illus subtilis 

Bac illus sp . * 

Mycopla sma hCDminis 

Mycoplasma arthritidis 

Mycoplasma ovipneumoniae 

PLASMA SEMINAL PLASMA 
( 60 minutes at 60 ' C ) 

1 , 46 2  1 , 462 

173  173  

0 0 

14 0 

274  0 

2 5  0 

2 1 6  216 

14 , 2 3 1  1 0 , 385 

6 , 538 5 , 385 

1 , 97 1  1 , 5 58 

FOOTNOTE * bacterium isolated by Shannon et al ( 1974 ) .  

DNA ISOLATED 
MATERIAL 

5 , 37 5  

1 , 800 

0 

0 

1 , 800 

slight 

3 , 8 1 3  

4 , 7 5 0  

5 , 3 7 5  

2 , 35 0  



TABLE XXVI I  I . 

THE EFFECT OF TRYPSIN TREATMENT , PERIODATE TREATMENT AND HEAT ON THE 

ANTIBACTERIAL ACTIVITY OF MATERIAL ISOLATED FROM BOVINE SEMINAL PLASMA 

ADSORPTION ONTO DNA . ( 5mg i solate/cm
3

) . 

3 
TREATMENT ACTIVITY ( LzU /cm ) PERCENT ACTIVITY 

before 
e

after LOST BY TREATMENT 
treatment treatment 

Trypsin 1 , 17 5  4 7 0  6 0  

Periodate 1 , 3 3 0  1 , 3 3 0  0 

Heat 1 , 3 30 1 , 3 3 0  0 
( 60 ' C  for 60 minutes)  

TABLE XXIX . 

THE ABSORBANCE VALUES FOR BOVINE SEMINAL PLASMA 

AND DNA- ISOLATED ANTIMICROBIAL FACTOR . 

MATERIAL 

Bovine seminal plasma 

DNA extract 

ABSORBANCE 
( 2 3 0nm) 

2 3 . 2 0 

1 . 84 

ABSORBANCE 
( 280nm) 

5 . 00 

0 . 52 

RATIO 280/2 30 

0 . 2 2 

0 . 28 
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results obtained with whole bovine seminal plasma ( TABLE X ) .  

2 0 . 5 The Effect of Heat . 

During the extraction process ( CHAPTER 19 . 4  ) the bovine seminal 

plasma was held at 60 ' C  for 60 minutes whi le the DNA was in contact with 

the bovine seminal plasma . The isolated material retained its activity at 

this temperature both during this process and when it was heated to 60 ' C  

for 6 0  minutes after the tSblation procedure was completed ( TABLE XXVI I I  ) .  

2 0 . 6  The Absorbance Spectrum of Bovine Seminal Plasma and DNA-i solated 
Antimicrobial Factor . 

Bovine seminal plasma and DNA-i solated material in c itrate/ethanol 

solution were both diluted 0 . 2cm
3 

/ 3 . 0cm
3 

) with distilled water and 

their absorbances measured at 2 3 0nm and 280nm ( TABLE XXIX ) .  The ratio 

o f  absorbance at 28 0nm over that at 2 3 0nm gave some indication of the 

number of aromatic residues per peptide bond . For the DNA- i solated factor 

this ratio was greater than that for whole bovine seminal plasma , indicating 

that there had been an increase in the relative number of aromatic residues 

present in the i solated material compared with the original seminal plasma 

proteins . 

2 0 . 7 Ultracentrifugation of the DNA- isolated Material . 

3 
DNA- isolated material ( lOOmg/cm ) was dialysed against 0 . 2M 

phosphate buffer for 3 hours before its sedimentation rate was examined in 

a Beckman Model E Analytical Ultracentrifuge . 

DNA- i solated material was found to occur as two separable molecular 

weight species with different sedimentation velocities . PLATE TWO is a 

representative illustration of the two detectable peaks corresponding to 

these two molecular weight spec ies . Their del ineation was not complete and 

during the investigation no clear separation of the peaks occurred , 

although the calculated sedimentation velocities were noticeably different . 

This type of sedimentation is commonly recorded for proteins which 

reversibly polymerise due to self association ( Colowick & Kaplan 1973 ) .  

The distances moved by each molecular species are given in FIGURE 

THIRTY EIGHT . From thi s it was possible to calculate the sedimentation 

coeffic ients of the two components using the equation 

s 
d log x 1 

n 
d t 2 

w 

where the average rotor veloc ity was 55822 rpm , giving an angular 



PLATE TWO : 1 o f ° 
U tracentr1 ugat10n ( 55822 rpm ) of Material i solated from 

Bovine Seminal Plasma by Adsorption onto DNA , showing two 

distinct protein species with differing sedimentation veloc ities . 

fast moving peak 
slow moving peak 

S 
S 

3 . 70 
0 . 94 
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FIGURE THI RTY E IGHT : . . 
d Sedlmentat lon Rat e s  un er Ultrac e nt r i fugat ion 

( 5 58 2 2  rpm) of Two Molecular Spec i e s  present in 

Mate r i a l  i so la ted from Bovine Seminal Plasma by 

Adsorption onto DNA . 



8 0  

velocity , w , of  5846 radians per sec . 

For the slow sedimenting spec ies ,  the sedimentation rate 

slope of the line in FIGURE THIRTY EIGHT 

i . e .  the 

d log x 
n 

d t 
was 

therefore 
x 10

-6 
3 . 2  

s 
5846 5846 x 

-6 
3 . 2  x 1 0  

or 0 . 94 x 10
-13  

sec . 

For the fast sedimenting spec ies ,  the sedimentation rate was 
- 5  -13 

1 . 2 5 x 10 , and therefore s = 3 . 7  x 10 sec . 

S values of approximately 0 . 94 x 10
-13 

, represent proteins o f  

molecular weight of 6 , 500 (bovine pancreas trypsin inhibitor ) to 10 , 400 
-13 

( tetr�hymena proteinase ) .  S values of 3 . 7  x 10 represent proteins with 

molecular we ights of 3 3 , 600 (bovine thrombin) to 74 , 000 (phospho-gluco

mutase ) ,  see Sober ( 1970 ) .  

The data quoted in this study were obtained at the highest resolution 

of the equipment which was available . Back di ffusion of the sedimenting 

molecules may have led to slower apparent sedimentation rate s than the true 

value s .  Thu s ,  the molecular weight indication s were regarded as an 

approximate guide only . The most important information gained from the 

ultracentrifugation study was that the antimicrobial factor , i solated from 

bovine seminal plasma by adsorption onto DNA , existed in at least two 

forms , sedimenting in a manner characteristic of self-associating protein 

spec ies . 

2 0 . 8  Native Polyacrylamide Gel Electrophoresi s .  

The migratory properties o f  DNA- i solated antimicrobial activity in 

native polyacrylamide gel electrophoresis ( CHAPTER 7 . 5  ) varied consider

ably with changes in the ionic environment and the micro solute species with 

which it was assoc iated . 

Native polyacrylamide gel electrophoresis at pH 8 . 7  o f  DNA- i solated 

material in the citrate/ethanol solution obtained in the extraction 

procedure , yielded a smear of cationic material with no well defined 

banding pattern ( FIGURE THIRTY NINE ( i )  ) .  This solution contained a large 

amount of the citrate used to strip the act ive factor off the DNA , and 

possibly some NaCl from the solution used to wash the DNA-protein complex 

before the stripping process . Removal of these electrolytes and solute 

molecules was possible by discont inuous diafiltration i this washed out 

solute molecules while retaining the proteins ( CHAPTER 1 0 . 3  ) .  The 



F IGURE TH IRTY N I NE ( a )  : 
Inhl' b l' t l' on zones l �::�� ) produced \ ', \ �\ by E l ectrophore sed Cationic Proteins from DNA- isolated 

Materi a l  ( CHAPTER 19 . 4 ) after pH 8 . 6  Nat ive Polyacrylamide Ge l was overlaid with agar seeded 

with Micrococcus lysode ikticus .  
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( i ) = DNA- isolated Mater ial in Citrate/Ethano l Solution . 

( i i ) = DNA- i so lated Material after Diafiltration to remove Citrate . 

C = Cation ic Prote ins 
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solution behind the membrane retained i t s  antibacterial activity throughout 

the diafiltration process . 

The amounts of c itrate present in the effluents and the final

solution after diafiltration were measured by the colorimetric procedure 

( McArdle 1955 ) described- in CHAPTER 1 0 . 4  • The first two e ffluents by the 

diafiltration process contained more than 0 . 5mg citrate/cm
3 

; the third 

effluent contained O . llmg c itrate/cm
3 

, and the solution behind the 

membrane ( i . e .  the active material ) contained 0 . 37mg c itrate/cm
3 

. Thus , 

some o f  the c itrate remained bound to the DNA- isolated material since the 

concentration of c itrate present in the diafiltered material was greater 

than that in the final wash effluent . 

The diafiltered material showed two distinct cationic bands on 

native polyacrylamide gel electrophoresis ( FIGURE THIRTY NINE ( ii )  ) .  

DNA-i solated material which had been precipitated with ethanol and 

lyophili sed showed l ittle cationic material on native polyacrylamide gel 

electrophoresis ( pH 8 . 7  ) ,  and considerable smearing of anionic material 

with l ittle banding patterns ( PLATE THREE ( i )  ) .  The di fference between 

this material and that described above is thought to be due to the e ffect 

of higher ethanol concentrations on the conformation of the protein 

molecule and therefore on its abil ity to interact with the citrate solution 

: pre sent in the precipitated material , and on its electrophoretic properties . 

Dialysis of the precipitated DNA- isolated material against 0 . 2M 

phosphate buffer resulted in the production of a single anionic band at 

pH 8 . 7  . No protein was present in the dialysate ( PLATE THREE ( i i )  ) .  With 

repeated handling ( thawing and refreezing ) over a period of three weeks ,  

other protein bands were generated . Eventually this sample o f  DNA- i solated 

material produced three anionic bands and one cationic band by native 

polyacrylamide electrophoresis at pH 8 . 7  ( PLATE THREE ( ii i )  ) 

Further variations in native polyacrylamide gel electrophoretic 

propert ies were shown after different treatments of the dialysed DNA

i solated material ( PLATE FOUR ) :  

( a )  heating to 60 ' C  for 60 minutes had l ittle effect on the 

properties of the dialysed material , although there may have been some 

increase in the slower moving anionic band ( PLATE FOUR ( i i )  ) .  

(b)  d iafiltration of the dialysed material , by diluting with buffer 

and then reduc ing the solution to its or iginal volume behind a UM 2 

ultrafilter ( CHAPTER 10 . 3  ) resulted in a return to the totally anionic 
. 

situation achieved after dialysis of the ethanol prec ipitated material off 



PLATE THREE : . 1 l ' Natlve Po yacry amlde Gel Electrophoresis ( pH 8 . 7  ) of 

DNA- isolated Antimicrobial Material from Bovine Seminal Plasma . 

( i ) Ethanol Precipitate 

( ii ) . Dialysate from Dialysis of Ethanol Precipitate against 

0 . 2M pH 8 . 0  phosphate buffer 

( ii i ) Ethanol Precipitate after d ialysis against 0 . 2M pH 8 . 0  

phosphate buffer : Changes occurring over a period of 3 weeks 

after repeated thawing and refreezing of the preparation . 

A Anionic Proteins 
C == Cati.onic Proteins . 



( D  ( i  i )  

A c A c 

( i l  i )  

A c A c A c A c 



PLATE FOUR : . 
Alterat�ons i n  the Native Polyacrylamide Gel Electrophoretic Properties of Phosphate Dia1ysed DNA- i solated 

Ant imicrobial Material . 

( ii )  

Heat 
( 60 ' C  for 60 minutes )  

( ii i )  

Diafi1tration 
(phosphate buffer ) 

( i )  

DNA- i solated Material 

(v )  

pH4 . 0  ( 1  hour) , 3 0 ' C  

A Anionic Proteins 
C Cationic Proteins . 

(vi)  (vii)  

pH2 . 0  (1  hour) , 30 ' C pH2 . 0  ( 1  hour) , 60 ' C  

( iv )  

Citrate Addi tion 
( 0 . 5M)  

(viii)  

pH2 . 0  (1  hour) , 60 ' C  
2M NaCl 



( i ) 

A C 

,,(.v ) 

A 

A 

C 

( i  i ) . 

C 

( v i )  . 

A C 

( i i  i )� ( i v ) 

A c A C 

( v i i ) ( v i i j )  

A C A c 
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the DNA ( PLATE �OUR ( ii i )  ) .  

( c )  c itrate ( 0 . 5M ), addition markedly reduced the ability o f  the 

antimicrobial factor to migrate in native polyacrylamide gel s ,  some 'protein 

could be located at or near the origin but l ittle appeared to migrate 

further into the gel . Citrate presence therefore appeared to neutralise 

the original charge on the phosphate-protein complexes ( PLATE FOUR ( iv)  ) .  

(d )  lowering the pH of the solution , of DNA- isolated material in 

phosphate buffer to pH 2 . 0  or pH 4 . 0 ,  holding these acid conditions for 

1 hour at 3 0 ' C  or 60 ' c  , and then neutral ising back to pH 8 . 5  , resulted 

in . the generation of more cationic material from the complexes . The 

presence of NaCI ( 2M ) during this treatment ( pH 2 . 0  and 6 0 ' C  ) resulted 

in l ittle protein being visible on electrophoresis . ( PLATE FOUR (v )  , (vi) , 

(vii)  and (viii) . 

From these results it seems l ikely that the physical nature of the 

antimicrobial factor i solated from bovine seminal plasma by adsorption 

onto DNA alters significantly with the ionic environment and the molecular 

species with which it is associated . 

Comparison of the patterns of native polyacrylamide gel electro

phoresis of bovine seminal plasma , phosphate dialysed DNA-i solated anti

microbial factor , lysozyme , polylysine , salmine and spermidine show that 

l ittle s imilarities existed between these antimicrobial agents .  The 

active factor isolated from bovine seminal plasma by adsorption onto DNA 

had no resemblance in native polyacrylamide gel electrophoresis to the 

selected antimicrobial agents tested ( PLATE FIVE ) .  

2 0 . 9  SDS Polyacrylamide Gel Electrophoresis of DNA-i solated Material . 

The multiple banding seen in native poylacrylamide gel electro

phoresis and the two molecular species with different sedimentation 

coeffic ients during ultracentr ifugation caused doubts as to the actual 

purity of the material i solated from bovine seminal plasma by adsorption 

onto DNA . These queries were , however , answered by the appearance of a 

single protein band during polyacrylamide gel electrophoresis in the 

presence of sodium dodecyl sulphate ( SDS which , by adsorbing to 

protein molecules , neutralises the charge differences caused by amino acid 

variation s ,  enabling the molecules to migrate solely on the basis of size 

during electrophoresis . 

Using the method described in CHAPTER 10 . 5  , the antimicrobial 

factor isolated from bovine seminal plasma by adsorption onto DNA migrated 

as a s ingle protein band in two separate runs ( FIGURE FORTY ) i this 
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PLATE F IVE 
· Native Polyacrylamide Gel Electrophoresis ( pH 8 . 6  ) of  

A = Anionic Proteins 
C = Cationic Proteins . 

( a )  bovine seminal plasma 
(b )  DNA-i solated material 
( c )  lysozyme 
( d )  polylysine 
( e )  salmine 
( f )  spermidine 



( a )  ( b )  ( c )  ( d )  ( e )  

6·40._ 

7.85." 

F IGURE FORTY :
SDS Polyacrylamide G e l  Electrophoresis for the Determination of the Molecular weight of the Antibacterial 

Factor i solated from Bovine S eminal P l a sma by Adsorption onto DNA . 

( a )  Bovine s erum a lbumin (mo lecular we ight = 1 3 6 , 0 0 0  and 68 , 0 0 0 ) ; Lactic dehydrogenase (mo lecular we ight 
Myoglobin (mol ecular we ight 1 7 , 2 0 0 ) . 

( b )  Trypsin (mol ecular weight 2 3 , 3 0 0 ) . 

( c )  Haemoglobin (molecular weight 68 , 000 and 15 , 5 0 0 ) . 

( d )  Lysozyme (molecular we ight 14 , 3 0 0 ) . 

( e )  DNAiso l at ed mater ial . 

3 5 , 0 0 0 )  
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indicated that by eliminating the charge effects and dissociating aggregated 

forms , the DNA- isolated material behaved as a single molecular weight 

species which migrated at a rate consistent with a molecular weight of 

24 , 550 to 2 5 , 700 daltons ( FIGURE FORTY ONE ) .  This gave an average 

molecular weight calculation of 2 5 , 100 daltons . 

20 . 10 Amino Ac id Compos ition of the DNA- isolated Material .  

The relative - amino acid composition of DNA-i solated antimicrobial 

material from bovine seminal plasma and several lysozymes are l isted in 

TABLE XXX . 

The most notable feature of the amino acid compo sition of DNA

isolated antimicrobial material from bovine seminal plasma i s  the lack of 

arginine residues , since cationic bands often occurred at pH 8 . 6  in native 

polyacrylamide gel electrophoresi s .  However , the lysine and histidine 

residues are numerous and amide derivatives of glutamic and aspartic acids 

may contribute to the basic nature of the protein.  

The factor responsible for some of the antimicrobial activity in 

bovine seminal plasma differed substantially in its overall amino acid 

compos ition from that of lysozyme : it had higher numbers of histidine and 

the aromatic amino acids ( phenylalanine and tyrosine ) and no arginine 

moieties . 

There i s  a similar higher number of aromatic amino acids , especially 

phenylalanine when the amino acid composition of the DNA- isolated factor 

is compared with the overal l protein content of bovine seminal plasma 

( TABLE XXXI) . Arginine i s  absent from the isolated material but the lysine 

content of thi s mater ial is substantially greater than that of whole 

bovine seminal plasma . 

Amino acid analysis also yielded glutamic acid or its amide 

derivative as the sole N terminal res idue in the antimicrobial factor 

isolated from bovine seminal plasma , indicating the presence of a single 

protein or the unl ikely pre sence of contaminating proteins with the same 

N terminal ami�o acid . 
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FIGURE FOHTY ONE : . 
Molecular welght Determinat ions o f  the Antimicrobial 

DSA 

LDH 

Factor i sol ated from Bovine Seminal P l a sma by Ad sorption 

onto DNA , by SDS Polyacryl amide Gel Electrophore s i s . 

RUN 1 

RUN 2 

(v) regress ion l ine 

(0) regre s s ion l ine 

bovine serum albumin 

lacti c dehydrogenase 

y =4 2 6 . 6  - 8 2 . 7x 

y =4 54 . 0  - 8 7 . 6x 

myoglobin 

haemoglobin 

TRYP= tryp s i n  

MG 
HB 
LZ egg white l y sozyme 

.= DNA- i sol ated Mater ial 



TABLE XXX . 

PERCENT AMINO ACID COMPOS ITION OF DNA - ISOLATED ANTIMICROBIAL FACTbR 

FROM BOVINE SEMINAL PLASMA compared with those of SEVERAL FORMS OF LYSOZYME . 

AMINO ACID DNA- ISOLATED HUMAN MILK EGG WHITE GOOSE 
MATERIAL LYSOZYME* LYSOZYME * LYSOZYME * 

Glyc ine 8 . 2  8 . 5  9 . 3  11 . 0  

Alanine 7 � 0 1 0 . 8  9 . 3  8 . 3  

Valine 4 . 4  6 . 9 4 . 7  5 . S  

I soleucine 2 . 5  3 . 9  4 . 7  6 . 1  

Leucine 7 . 0  6 . 2  6 . 2  3 . 9  

Methionine 1 . 3  1 . 5  1 . 6  1 . 7  

Proline 4 . 4  1 . 5  1 . 6  2 . 8  

Cysteine 5 . 7  6 . 2 6 . 2  2 . 2  

Serine 7 . 6  4 . 6  7 . 8  5 . 0  

Threonine 5 . 7  3 . 9  5 . 4  7 . 2  

Aspartic acid 12 . 7  1 3 . 9  16 . 3  11 . 0  

Glutamic acid 9 . 5  6 . 9  3 . 9  8 . 3 

Lysine 9 . 5  3 . 9  4 . 7  9 . 9  

Histidine 1 . 9  0 . 8  0 . 8  2 . 8  

. Arginine 0 10 . 8  8 . 5  6 . 1  

Phenylalanine 6 . 3  1 . 5  2 . 3  1 . 7  

Tyro sine 6 . 3  4 . 6  2 . 3  5 . 0  

Tryptophane 3 . 9  4 . 7  1 . 7  

Number of residues 2 3 7  1 3 0  129 181 

Molecular weight 25 , 100 14 , 500 14 , 3 00 19 , 500 to 
2 1 , 500 

N terminal amino glutamic lysine lysine arginine 
.. acid acid 

FOOTNOTE * amino acid composition of 1ysozymes from Osserman et a1 ( 1 974 ) . 



TABLE XXX I . 

AMINO ACID COMPOS ITION OF DNA-ISOLATED ANTIMICROBIAL FACTOR 

AND WHOLE BOVINE SEMINAL PLASMA . 

Methionine as 1 ,  integers to the nearest 0 . 5  ) 

AMINO ACID DNA- ISOLATED 
MATERIAL 

BOVINE SEMINAL 
PLASMA* 

Glycine 

Alanine 

Valine 

I soleucine 

Leucine 

Methionine . 

Prol ine 

Cysteine 

Serine 

Threonine 

Aspartic acid 

Glutamic acid 

Lysine 

Histidine 

Arginine 

Phenylalanine 

Tyrosine 

Tryptophane 

FOOTNOTE * 
Mann 

6 . 5  

5 . 5  

3 . 5  

2 . 0  

5 . 5  

1 . 0  

3 . 5  

4 . 5  

6 . 0 

4 . 5  

1 0 . 0 

7 . 5  

7 . 5  

1 . 5  

0 . 0  

5 . 0  

5 . 0  

2 . 0  

2 . 0  

2 . 5  

1 . 0  

2 . 0  

5 . 0  

3 . 0  

1 . 5 

5 . 0  

2 . 0  

1 . 5  

amino acid composition of bovine seminal plasma from 
( 1964 ) .  
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DISCUSSION 

Cons iderable variations in the total microbial counts in bovine 

semen have been reported by a number of other workers in America 

( Salisbury et al 1939 Gunsalus et al 194 1 ; Almquist et al 1949a 

Almquist et al 1 94 9b ; Prince et al  1 94 9  ; Foote & Bratton 1950b ) , 

Australia ( S ingleton & S immon's 1969 ) ,  Britain 

( Hendrikse 1963 ) ,  
'
India ( De & Chowdhury 1965 

Meredith 1970 ) ,  Denmark 

Reddy et al 1971 and 

Japan ( Hashimoto 1963 ) .  The microbial populations reported by most o f  

these workers are considerably higher than the populations found i n  semen 

from New Zealand bull s  ( logarithmic average 3 . 3  x 1 0
3 

microorganisms/cm
3

) . 

Thi s  may , in part , be due to the tendency to quote arithmetic rather than 

logarithmic mean s ,  but is probably also associated with the conditions 

under which the bull s  are kept.  Intens ive housing of the animals leads to 

greater faecal contamination of the prepuce .and hence greater numbers of 

coli forrns present in the voided semen ( S ingleton & Simmons 1969 ) .  In 

addition , many workers have found that incubation for four days enables a 

more complete estimation of microbial populations in semen than a two day 

incubation period . The values obtained
. 

during this survey , however ,  are 

very close to those obtained during a similar survey in 1972 of artificial 

breeding herds in New Zealand by Brown et al ( 1974 ) . In this latter study , 

all plate counts were incubated for four days , and the microbial populations 
1 

4
5 . . 

/ 
3 

of  semen were found to range from 2 x 1 0  to 5 . 3  x 10 mlcroorganlsms cm . 
1 5 

This compares well with the range reported here of 3 x 10 to 5 . 6  x 10 

microorgani sms/cm
3 

of semen , using the two day incubation of the total 

count plates . 

The predominant bacterial genera ( Bac illus , Corynebacterium , 

Micrococcus ) identi fied among the selected strains of microorganisms 

i solated from bovine semen have each been l isted as common contaminants 

of bovine reproduct ive tract secretions by previous inve stigators ( Gilman 

1921 ; Webster 1932 ; Hatz iolos 1937 ; Salisbury et al 1939 ; Gunsalus et 

al 194 1 ; Edmondson et al 1948 ; Prince et al 1949 ; Rue.bke 1951 ; Sorel 

1961 ; Kazda 1963 ; S ingleton & S immons J. 969 ; Reddy et al 1971 ) .  

The relative frequency with which Pseudomona s ,  Proteus and 

Escherichia are detected in semen appears to vary . Gunsalus et al ( 1 94 1 )  

found Pseudomonas and Escherichia among the predominant flora ; De & 

Chowdhury ( 196 5 )  found coliforms the most common microorganism in bovine 

semen ; Singleton & S immons ( 1969)  i solated Proteus strains more frequent-
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ly than Micrococcus i and Pseudomonas and Proteus were quite common in 

bovine semen st�died by Reddy et al ( 19 7 1 ) . Prince et al ( 1949 )  found 

them to be numerically unimportant and in the survey reported here Gram

negative rods appear to be relatively uncommon . The presence of the 

Staphylococcus sp . is in agreement with Salisbury et al ( 19 3 9 ) , Gunsalus 

et al ( 1941)  and Reddy et al ( 1 971) , and their low frequency confirms that 

reported by Singleton & S immons ( 1969) . High Staphylococcus populations 

have only been reported by De & Chowdhury ( 1965 ) . Although streptococci 

have been reported to be present in bovine semen ( Edmondson et al 1948 ; 

Ruebke 1951 ; Hashimoto 1 9 6 3  ; De & Chowdhury 1965 ; Singleton & S immons 

1969 ; Meredith 1970 ) none were identified among the cultures examined 

in this survey , which is in agreement with Gunsalus et al ( 1941)  and 

Prince et al ( 1 94 9 ) . It seems l ikely that the variation in the genera of 

microorganisms found in bovine semen under a given set of conditions i s  

dependent o n  the nature of the microbial population available t o  invade 

the genital tract ( and also , therefore , on management of the bull s  ) a s  

well a s  on the abil ity of the microorganisms t o  survive conditions in the 

preputial cavity and urethra . Those microorganisms occurring with relatively 

low frequencies cannot be regarded as being true inhabitants of the male 

reproductive trac t .  In general they are consistent with the type s of micro

organi sms which might be pre sent on such materials as bedding , soil , 

faeces etc . , and are probably most accurately described as transient 

contaminants of bovine semen . Thi s  is further supported by the evidence 

that first ej aculates contain larger microbial populations with a wider 

var iety of colony types than do second ej aculates collected a few minutes 

after the first . Thi s probably reflects a greater contr ibution o f  transient 

microorganisms washed from the preputial cavity , into the initial ej acula

t ion fluid . 

Two of the antibiotics used routinely in semen extenders for 

artificial breeding techniques ,  streptomycin and chloramphen icol , were 

effective against the maj ority of microorgani sms i solated from bovine semen ; 

Penicillin had a low index of effectiveness . I t  mus t ,  however , be 

recognised that an antibiotic may be important for its abil ity to inhibit 

a few specific microorganisms even if  its overal l effectivenes s  i s  low . 

Thi s is espec ially significant when considering the e fficiency of nystatin 

against the yeast strains isolates from bovine semen . One of these , 

Candida guilliermondi i ,  has been impl icated in mycotic abortion in cattle 

( Hugh-Jones & Austwick 1967 ) .  Richard et al ( 1976 )  also isolated several 

yeast spec ies from extended semen , the predominant organisms , Candida 

parapsilosis and Candida tropicalis , have been shown to produce an 
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endometritis in heifers and , togethe� with Candida krusei , also found in 

bovine semen , have been the cause of mycotic abortion in cattle . The 

control of these organisms in semen is therefore of prime importance . In 

addition the increase in non pathogenic yeast populations seems to determine 

the usefulness of extended semen stored at ambient temperatures ( Brown et 

al 1974 ) .  It is therefore desirable to control fungal as well as bacterial 

growth in semen used in artific ial breeding . Unfortunately nystatin at the 

concentrations needed to influence fungal growth , depre ssed conception 

rates ( New Zealand Dairy Board , 197 3/1974 ) and therefore an alternative 

antifungal agent is required in situations where fungal growth is affecting 

semen quality .  

Among the bacteria isolated from semen the Gram-negative bacteria 

Pseudomonas , Proteus , Escherichia ) were considerably more resi stant to 

commerc ial antibiotics than were the remaining bacteria tested . Control of 

these organisms is most important , since they will grow at 0 to 2 5 ' C  in 

extended semen ( Foote & Sali sbury 1948 ; Foote & Bratton 1950a ; Foote & 

Bratton 1950b ) ,  and have been impl icated in bovine reproductive tract 

disorders ( Gunsalus et al 194 1 & 1944 ; Prince et al 1949 ; Sorel 1961 

Zemj anis 1962 ; Kazda 1963 ; Galloway 1964 ; Getty & Ellis 1 967 ; Lusis & 

Soltys 1971  ) .  Of the antibiotics normal ly used in semen extenders , 

streptomyc in appears to be the most effective in inhibiting these bacteria , 

penicil lin has no effect . 

Most o f  the organi sms isolated with high frequency from bovine semen 

are sensitive to the antibiotics used routinely in semen extender s ,  so that 

the resi stant bacteria are only a relatively small proportion of the 

population in extended semen . Some strains , however , were found to be 

resi stant to a wide variety of antibiotics , indicating a need for careful 

management in any treatment given to a bull used for artific ial breeding . 

Practices l ikely to give such organisms a selective advantage over the 

normal flora of the urethra and preputial cavity should be avoided.  

Treatment of an infection in the bull s  with antibiotics normally incorpor

ated into semen extender s and the use of preputial washes with these 

antibiotics should be avoided , so as to prevent the development of a 

resi stant microbial populat ion in ej aculated semen . Such a population would 

further compl icate the problem of controll ing microbial growth in semen to 

be used in artific ial breeding servic e s .  

The belief that many of the microorganisms present i n  semen 

constitute a transient population from outside the reproductive tract i s  

supported by evidence that popUlations of microorgan isms both sensitive 



8 7  

to and resistant t o  bovine seminal plasma inhibition varied greatly i n  

semen samples collected from the same bul l  within a few minutes of each 

other , or at various time interval s ,  although the measurable antibacterial 

activity was relatively constant for an individual bul l . In addition , the 

number of organi sms resistant to bovine seminal plasma inhibition decreased 

between f irst and second ej aculates , whereas sensitive organisms occurred 

in similar numbers in both sample s .  The resistant population may reflect 

the washing out of temporary invader s  of the reproductive tract orific e ,  

able t o  persi st there by virtue of their resi stance t o  inhibitors present 

in tissue fluids and secretions . The second ej aculate might be expected to 

contain fewer such bacteria , many of which would have been removed in the 

initial ej aculation fluid . The sensitive population may reflect the 

opportunities for external contamination of the semen from bedding , soil 

and faeces by organi sms not able to persist for long periods of t ime in the 

e jaculated semen or the reproductive tract ; these organisms would 

constitute a variable proportion of the microbial population in ej aculated 

semen . A high proportion of the organi sms i solated from semen were sensitive 

to the natural inhibitors present in seminal plasma . Their presence in 

ej aculated semen probably reflects some measure of protection from the 

antimicrobial factors present in bovine seminal plasma , by adsorption of 

active moieties onto other microbial cell s ,  cel lular debris and onto 

sperm cells themselves . 

S ince the semen . of healthy bulls may contain large numbers of 

microorganisms derived mainly from the lower urethra and preputial cavity , 

it i s  l ikely that potential pathogens may also have access to the male 

urogenital tract . In spite of this apparent close proximity of potentially 

infectious microorgan isms , the actual incidence of genital infection is low .  

No bacteria were isolated from the teste s ,  epididymi s ,  ampUl lae o f  vas 

deferen s ,  prostate or bulbourethral glands of healthy animals after 

slaughter ( Ruebke 1951 ) ,  confirming Gilman ' s  ( 192 1 )  earlier report that 

normal healthy animal s had reproductive tracts either free of or with very 

low numbers of microorganisms . Mycoplasmas ( AI-Aubaidi et al 1972 ) and 

Trichomonas fetus ( Parsonson et al 1974b ) infections are restricted to 

the penis and prepuce , rarely ascending the urethra . And the con s iderable 

difficulty in i solating both Ureaplasmas ( Taylor-Robinson et al 1969 ) and 

Infectious Bovine Rhinotracheitis ( IBR ) virus ( Dennett et al 197 3 ) from 

bovine semen may be associated with inhibitors of these organisms present 

in the seminal plasma . In the bovine male reproductive trac t , . testicular 

abnormalities associated with infection ( orchitis , periorchitis and 
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necrosis ) ,  and epididymitis were noted in 1 . 1  and 1 . 6% respect ively of 

bulls surveyed by Ladds et al ( 197 3 ) . The tissues of the urogenital tract 

must therefore , be protected in some way from ascending microbial 

coloni sation . 

Antimicrobial compounds occurring naturally in seminal fluid may 

contribute in such a defence , and protect against deep seated infections 

of the male urogenital tract . Bovine seminal plasma exhibits antimicrobial 

activity against a variety of bacteria . Tal lgren et al ( 1968 ) noted that 

bovine semen inhibited the growth of Escherichia col i ,  Proteus mirabi l i s ,  
1 

Staphylococcus albus , and S ,  aureus , but not Klebs iella sp . or Pseudomonas 

aeruginosa . Brown et al ( 1974 ) reported that Aerobacter , Escherichia , 

Microbacterium ,  Micrococcus , Nocardia , sarc ina
2

, and some Bacillus and 

Corynebacterium strains were sensitive to the antimicrobial activity of 

bovine seminal plasma . Alcal igenes , Proteus , Pseudomonas , Staphylococcus , 

and some Bac illus and Corynebacterium stra ins were found to be resistant . 

In general ,  these conclus ions were confirmed in the pre sent study and in 

addition strains of : Acetobacter , Arthrobacter , Citrobacter , Enterobacter , 

Haemophilus , Klebsiel la , Leuconostoc , Mycobacterium , Neisseria , Pasteurel la , 

Salmonella , Serrat ia , Shigel l a ,  Streptomyces and Vibrio were inhibited by 

bovine seminal plasma ; the genera Lactobacil lus , Pseudomonas , Staphylo

coccus and Streptococcus included both ' sensitive and resistant strains ; 

the s ingle strains of Nocardia and Providence and all the Proteus strains 

tested were resistant to bovine seminal plasma . 

Discrepanc ies in the var ious reports on the effect of bovine seminal 

plasma on a bacterial spec ies are probably assoc iated with variation in the 

laboratory strains of the bacterium used for the as say . Thus , the 

Escher ichia col i strain used by Gunsalus et al ( 1941)  and the Staphylo

coccus aureus strain used by Gurevitch et al ( 19 5 1 ) , were resi stant to 

bovine seminal plasma , whereas several strains used in this study proved 

sensitive . The use of such resistant strains as the indicator organism 

in the earlier experiments led to erroneous reports of a lack of anti

bacterial activity in bovine semen . 

Bacteria resi stant to the antimicrobial activity of bovine genital 

secretions may have a preferential colonising ability for these tissues if 

the antimicrobial activity serves to prevent urogenital tract infection s .  

Several of the genera i n  which strains resistant t o  bovine seminal plasma 

FOOTNOTES 
1 

currently classified as Staphylococcus aureus ( Bergey 1974 ) 
2 

currently classi fied as Micrococcus Bergey 1974 ) .  
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were found , are commonly assoc iated with bovine urogenital tract 

infections .  Pseudomonads have been implicated in seminal vesicular 

inflammation , epididymitis , orchitis ,  paraphimosis , phimosis , balanitis 

and posthetis ( Smith et al 1972 ) and their presence often correlates with 

sterile semen or semen of low fertil ity and high sperm abnormalities 

( Gunsalus et al 1941 ; Gunsalus et al 1944 ; Prince et al 194 9 ; Sorel 

1961 ; Lusis & Soltys 1971 ) .  Staphylococci have been i solated from 

preputial and scrotal lesions ( Mosaheb et al 1973 ) and cases of seminal 

vesiCUl itis ( Zemj anis 1962 ; Ladds et al 1973 ) .  Sorel ( 1961)  also noted 

their presence in semen of low fertility and high sperm abnormalities . 

Streptococci occur in semen from l imited fertil ity bull s  ( Sorel 1961 ) and 

have been isolated from the testes , epididymi s and seminal vesicles of 

bulls with enzootic steril ity ( Webster 1932  ) .  Streptococci are al so one 

of the common causes of infections of the seminal ve sicles ( Lagerlof 

1936 ; Zemj an is 1962 Gibbons 1963 ; Galloway 1964 ) and may give rise to 

orchitis ( Stableforth & Galloway 1959 ) . Providence and Nocardia spec ies 

are not reported as causes of bovine reproductive tract infections ,  but 

Proteus spp . are commonly found in the preputial cavity and may produce 

opportuni stic infect ions of the higher reproductive tract ( Zemj anis 1962 

Kazda 1963 ; Galloway 1 964 ) .  

Although , in the present study , the reference strains of Coryne

bacter ium were sensitive to bovine seminal plasma , several stra ins 

isolated from semen were resistant to its antimicrobial activity ( Brown 

et al 1974 ) . Bovine epididymitis , orchitis , phimos i s ,  posthetis , preputial 

/penile and scrotal infections , seminal vesicular le sions and urethritis 

may be caused by c orynebacterial infections t Lagerlof 1936 ; Stableforth 

& Galloway 1959 ; Donaldson & Aubrey 1960 ; Sorel 1961 ; Zemjanis 1962 

Gibbons 1963 ; Galloway 1964 ; Smith et al 1972 ; Mosaheb et al 1973 ; 

Bagshaw & Ladds 1974b ) .  In addition , C .  pyogenes often occurs in the 

semen of bul l s  with low fertil ity ( Sorel 1961 ) .  

Of the bacteria found to be sensitive to bovine seminal plasma , 

only Escherichia coli ha s been implicated in bovine urogenital infections . 

Kazda ( 1963)  and Galloway ( 1 964 ) noted its presence in inflamed seminal 

vesicles of bul l s  with low fertil ity and seminal vesiculitis . 

It seems l ikely that the natural inhibitors in bovine seminal 

plasma contribute to the protection of the bovine reproductive tract from 

infection by many of the microorganisms which invade the preputial cavity . 

Only those microorganisms capable of growing in. the pre sence of the 

antimicrobial factors present in bovine genital secretions can successfully 
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initiate infection o f  the upper reproductive tract . In this context it i s  

o f  interest t o  note that Trichomonas fetus infection i s  difficult to 

establi sh experimental ly in bull s ,  but culture of the organisms in bovine 

seminal plasma or urine , produces a population .better able to infect the 

bovine reproductive tract ( Clark et al 1 97 4b ) .  Thi s  enhanced pathogenicity 

may be the result of selection during growth in the presence of seminal 

plasma of organisms resistant to the antimicrobial factors assoc iated with 

the primary non specific defence of the reproductive tract . 

In addition , factors other than the pathogen ' s  resi stance to a host 

defence mechanism must be considered when the susceptibil ity o f  any 

individual to bacterial invasion is discussed . Ac idic polymers o f  m�crobial 

or tissue origin may neutral ise the cationic proteins associated with the 

primary defence mechanism and thus augment the invasive properties of 

c ertain pathogenic organisms . Acidic polymers were found to block the 

antibacterial activity of cationic proteins from PMN l eukocytes Zeya & 

Spitznagel 1968 } .  Infection may also result when small defects in the 

genital secretions such as from trauma , leaves a residue of microorganisms 

able to invade the urogenital tissues , or from the invasion of micro

organisms in numbers sufficiently large to overwhelm the normal levels of 

antimicrobial compounds present in the ' reproductive tract e . g .  IBR virus 

is sensitive to bovine seminal plasma , but can cause venereal disease . Some 

breakdown in the antimicrobial protection barrier must occur to enable 

initial coloni sation . Once the virus is establ ished in the cell s  of the 

reproductive tract they may be protected from the antimicrobial effect of 

seminal fluid . 

Thus , the natural antimicrobial compounds found in bovine reproduct

ive tract secretions , and other tissue fluids , may be important as a primary 

defence mechanism for the protection of the reproductive tissues from 

ascending infect ions of the lower urethra and preputial cavity , where the 

bacterial populations are substantially higher than elsewhere in the 

urogenital tract . During coitus they may also serve to protect the female 

reproductive tract from disease , and possibly to enhance the chances of 

sperm survival by eliminating some of the competition for nutrients between 

sperm and the normal flora of the vagina as well as by decreasing the 

population of microorganisms which are spermic idal ( Matthews & Buxton 

1951 ; Kazda 1963 ; Lusis & Soltys 1971 ) .  

Bacteria sensitive to bovine seminal plasma antimicrobial activity 

were also rapidly killed by the antimicrobial factor isolated from seminal 

plasma by adsorption onto DNA . Escherichia col i ,  Micrococcus lysodeikticus , 
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and Pseudomonas fluorescens populations were reduced to 0 . 005 - 0 . 100% , 

3 3  - 44% and 0 . 05 - 2 . 0% of their control populations within 3 0  minutes 

respectively . 

Direct evidence that bovine seminal plasma antimicrobial activity 

involves damage to the cell membrane i s  ava ilable from experiments which 

showed that in the pre sence of bovine seminal plasma , sensitive cells 

( . d I d . k '  ) . dl 1 
14 . . b 

. 
B .  megater1um an M .  yso e 1  t1CUS rap1 y ost C am1nO- 1 SO- utyr1c 

acid , a non metabolisable analogue of glycine and alanine , did not 

accumulate val ine and lost large amounts of cytoplasmic mater ial . Pseudomonas 

aeruginosa showed reduced release of cytoplasmic contents , but was able to 

accumulate valine in the presence of bovine seminal plasma . .;.. 

The fact that mycoplasmas and certain enveloped viruses were also 

inactivated by bovine seminal plasma i s  consi stent with the interpretation 

that bovine seminal plasma antimicrobial activity is assoc iated with the 

disruption of cell membrane integrity . 

No obvious morphological changes occurred in the sensitive bacteria 

exposed to bovine seminal plasma . The cell wall is not directly affected by 

bovine antimicrobial activity , its primary �ffcct involves damage to the cell 

membrane . Shannon et al ( 197 5 )  reported that when a sensitive strain of 

Bacillus was expo sed to bovine seminal plasma , progressive morphological 

changes resulted : there was a ma ssive disarrangement of the cell wall 

material which terminated in the lysis of the cell within a few minutes of 

contact with the seminal plasma . They concluded that the primary effect of 

bovine seminal plasma on bacteria involved damage to the cell wal l . It is 

suggested here that this cell wall effect i s  of a secondary nature , resulting 

from an autolytis sequel to the initial cell membrane damage in the 

bacillus studied . Bac illus spp . are known to contain several autolytic 

enzymes which on release from the cell will produce cell lysi s .  

Bacterial resi stance to bovine seminal plasma i s  frequently 

correlated with an increased resi stance to polymyxin and colistin sulphate , 

antibiotics known to interfere with cell membrane integr ity . The relatively 
non speci fic enhancement of resistance to a variety of antibiotic s  seen in 

Gram-negative bacteria may be assoc iated with a general decrease in the 

permeability of the exterior lipopolysaccharide cell layer in these cell s ,  

resulting in the failure of many antibiotics to penetrate the cell and thus 

reach their site of action . Among Gram-negative bacteria , the cell wal l  may 

have some function in protecting the cytoplasmic membrane from bovine 

seminal plasma activity , since o smot ica�ly sensitive forms of both sens itive 
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and resistant whole bacteria are equally sensitive to lysis by bovine 

seminal plasma . Treatment with Tri s-EDTA and lysozyme destroyed a barrier 

which normally prevented bovine seminal plasma from reaching the membrane 

of resistant bacteria . The membrane of Pseudomonas aeruginosa is sensitive 

to bovine seminal plasma , but the intact cell wall prevents access of the 

bovine seminal plasma antimicrobial factor to its site of action in 

undamaged resistant Gram-negative cells . In Gram-positive bacteria , 

although the cell wa+l shields the cell membrane , it only impedes the pas sage 

of relatively l arge molecules . In these organi sms resi stance to bovine 

seminal plasma may not be associated with a general enhancement of the 

permeabil ity barrier , but rather with a more spec ific 'alteration at the site 

o f  action of bovine seminal plasma antimicrobial factor . This type of 

specific alteration may be reflected in the consistent pos it ive correlation 

between resi stance to bovine seminal plasma and resistance to antibiotics 

affecting cell membrane integrity among Gram-po sitive bacteria . Further 

studies are needed to investigate thi s possibil ity . 

The information discussed above indicates that bovine seminal plasma 

acts on susceptible microbial cells by damaging the integrity of their cell 

membrane and produc ing massive leakage of cellular contents and ultimate 

death . 

Bovine seminal plasma also appear s to increase the fragility of the 

cell membrane of spermatozoa , re sulting in their disintegration and death 

in certa in stress conditions , e . g .  centrifugation and rapid cool ing ( Mann 

1964 ; Shannon 197 3 ) .  Sudden cooling of ej aculated sperm produces rapid 

irrever sible loss of motil ity , metabolic activity and fertil i sing function ; 

these e ffects are assoc iated with permanent damage to the sperm cell 

membrane , and are similar to those induced by cationic detergents .  There is 

a rapid decrea se in the amount of vital metabol ites ( ATP ) present in the 

spermatozoa , and thi s is accompanied by a precipitous fall in the rate of 

fructolysis . Other intracel lular protein constituents e . g .  cytochrome c , 

are released more slowly and the l ipoprote in complex normally coating the 

sperm cells becomes detached . Epididymal sperm are more resi stant to these 

e ffects , but contact with seminal plasma results in a change in antigenic 

properties as sociated with the adsorption of proteins onto the sperm cell 

surface , and renders them susceptible to membrane damage ( Mann 1964 ) .  The 

same factor may be responsible for sperm senescence , with increased sperm 

permeability accompanied by loss of intracellular proteins , K ions and ATP , 

and swelling and degeneration of the l ipoprotein complex normally coating 
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e j aculated sperm . The agents protecting spermatozoa against the e ffects of 

seminal plasma ( egg yolk , lecithin ) ,  al so inhibit the antibacterial 

e ffects of bovine seminal piasma ( Shannon et al 1975 ) .  I t  i s  possi�le 

that the spermicidal and bacteriocidal e ffects are both due to the same 

factor in bovine seminal plasma . S imilar factors appear to be present in 

boar seminal plasma . The seminal vesicles secrete large amounts of cationic 

proteins ( S chellpfeffer & Hunter 1970 ) ,  and boar spermatozoa are 

particularly susceptible to cold shock . Davies et al ( 19 7 5 )  found that 

basic proteins secreted by the seminal vesicles adsorbed onto the sperm 

cells , increased membrane permeabil ity and induced leakage of lactic 

dehydrogenase and glutamic oxaloacetic transaminase . Thi s  membrane .,plteration 

rendered the sperm cells very fragile to damage during freezing . Semen from 

boars minus their seminal vesicles had no difference in their conception 

rates using unfrozen samples than semen from boars with whole reproductive 

tract acce ssory gland s .  Absence of seminal vesicles did , however , result in 

an increased conception rate over normal semen when frozen semen was used 

in artificial breeding . ' Thus the spermicidal effect of seminal plasma i s  of 

l ittle importance under natural breeding conditions and does not affect the 

efficiency of the normal reproductive proce ss . Sensitivity to cold shock and 

the detrimental effect of seminal plasma on sperm cell s  are , therefore , 

problems associated with artificial breeding techniques ; it i s  probable 

that the factors involved in the process are of maj or importance in disease 

control of the male reproductive trac t ,  and the prevention of disease 

transmi ssion during coitus . 

The antimicrobial activity of semen has been attributed to a number 

o f  normal seminal fluid components , the best known being lysozyme and the 

polyamines . The polyamines ,  spermine and spermidine , have been shown to 

exhibit antibacterial activity ( Rozansky , Bachrach & Grossowicz 1954 

Rozansky , Razin & Grossowicz 1954 ; Grossowicz et al 1955 ; Razin & 

Roza�ky 1959 ) .  Spermine occurs in very high concentrations ( 5 0 3 5 0mg/ 
3 

1 00cm ) in human semen ( Mann 1964 ) and together with spermidine has been 

c ited as being responsible for some of the antibacterial activity of human 

semen ( Gurevitch et al 1951 Razin & Rozansky 1957 ) .  Fair & Wehner ( 1 97 la)' 

showed that spermine was not effective in inhibiting the .growth of bacteria 

commonly associated with urinary tract infections , and therefore disputed 

spermine ' s  role in affording protection against bacterial colonisation of 

the urogenital tract . These organ isms are obviously successful in 

e stabl i shing infections in the urogenital tract and can therefore be 

expected to be resistant to compounds re sponsible for its defence . This 
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does not detract from spermine ' s  role in protecting these tissues from a 

variety of bacteria which might otherwise become e stablished in the 

reproduct ive tract . Thus spermine may offer substantial protection for the 

reproductive tissues from sensitive organisms potentially able to compete 

successfully with those bacteria known to be responsible for urogenital 

infections . 

Bovine seminal plasma contains only a trace of spermine , probably 

due to the absence o� true functional prostate glands in the bull ( Mann 

1964 , see FIGURE FORTY TWO ) .  The studies reported here indicate that 

bovine seminal plasma antimicrobial activity differs substantially from 

that of spermidine ( microbial spectrum , periodate sensitivity etc . ) .  This 

suggests that spermine and spermidine are not the compounds responsible 

for the more prominent antimicrobial e ffects of bovine seminal plasma . 

Taylor & Morgan ( 1952 ) reported the presence of at least two anti

microbial factors in human semen , spermine an? lysozyme or a lysozyme-like 

compound . Lysozyme der ived mainly from the prostate and Cowper ' s  glands , 

has been reported in human semen ( Mardh & Col leen 1 974 ; Osserman et al 

1974 ) .  Many of the reports quoted by Osserman et al ( 1974)  used lysis of 

l1icrococcus lysodeikticus to detect the presence of lysozyme . However ,  this 

should not be used as the sole criterion for the identi fication of an 

antimicrobial agent as lysozyme , s ince other compounds also lyse M . lysodeik

t icus cell s .  Using an immuno-histochemical technique , Mason & Taylor ( 19 7 5 )  

detected lysozyme i n  human kidney tissue , but not i n  testes o r  prostate . 

Thus some of the reported antimicrobial activity of human genital secretions 

may not be caused by lysozyme . 

The presence of lysozyme in bovine secretions has been much disputed . 

Chandan et al ( 1968)  and Parry et al ( 1969)  detected low levels  of lysozyme 

in bovine milk , but Brownlie & Hibbitt ( 1972)  could not confirm Gibbon ' s  

( 1 959 )  report of lysozyme in bovine cervical mucu s .  Its complete absence has 

also been reported in bovine leucocyte s ,  sal iva , nasal exudates and tears 

( Padgett & Hirsh 1967 ) . Thi s  possible absence of lysozyme in bovine 

seminal plasma together with the fact that in the present study , bovine 

seminal plasma was found to inhibit mycoplasma s and to be more active 

against both Gram-positive and Gram-negative bacteria than lysozyme , and 

the differences in polyacrylamide gel electrophoretic properties between 

lysozyme and bovine seminal plasma proteins , indicates that lysozyme is not 

responsibl e for the antimicrobial activity of bovine seminal plasma . 

A bacteriocidal fract ion which can be distinguished from lysozyme 

and spermine has been i solated from canine and human pro static fluid 
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( Stamey et al 1 968 ) .  It was characterised as a heat stable , trypsin 

insensitive compound of low molecular weight . Thi s  is possibly the same 

compound described by Fair & Wehner ( 197lb) , when they el iminated spermine 

as be�ng the active antibacterial agent in canine prostatic fluid . Youmans 

et al  ( 1938 )  described another antibacterial factor in canine prostatic 

fluid , which was completely destroyed at 60 ' C  for 30 minutes .  Bovine 

seminal plasma antimicrobial activity is heat stable at 60 ' C  and is sensitive 

to trypsin . Consequently the inhibitors present in bovine seminal plasma 

also appear to be distinct from those found in the seminal plasma of dogs 

and man . Further characterisation of these compounds would , however , be 

deslrable , al. lowing further comparison between compounds isolated f:};'om 

the various genital secretions .  

I t  is not surprising , however ,  that different compounds present in 

the genital secretions of different species may perform similar biological 

functions . There are profound dif ferences in ·the size and morphology of 

homologous accessory glands in various species ,  and wide species variations 

therefore exist in the volume and composition of individual secretions and 

the relative proportions of the genital secretions originating from the 

various secretory organs . Because substantial amounts of certain compounds 

are restricted to the seminal plasma of only a few species , it does not 

detract from the physiological importance ; other compounds may perform 

- s imilar functions in another species . For example , in human semen the 

c itrate and calc ium concentrations are greater than , and the chloride 

content less than those present in canine semen . However , the total 

concentration of osmotically active substances are of the same order in the 

secretions of both animals . S imilarly , the primary defence mechanism for 

the male reproductive tract in different species may reflect the metabolic 

capabilities of the animals concerned ; lysozyme and polyamines may well be 

responsible for the antimicrobial activity of human semen , while other 

unique cationic proteins may play a similar role in bovine semen . 

Shannon et al ( 1974 & 1975 ) have studied bovine seminal plasma 

antibacterial activity and described a heterogeneous complex , involving a 

small molecular weight polypeptide monomer and various molecular weight 

polymers with antibacterial activity . The actual amount �f monomer was 

small in relation to the total antibacterial activity . S imilar compounds 

were isolated from bovine spleen , pancreas , l iver and lung tissue . 

In this.  study , evidence has been obtained for the presence in bovine 

seminal plasma of several different compounds with antimicrobial activity . 
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The antiviral activity responsible for the neutralisation of Herpes 

and infectious bovine rhinotracheitis ( IBR ) viruses i s  heat labile and 

possibly associated with the toxic ity of bovine seminal plasma for cell 

cultures .  This toxicity was also reported by Spradbrow ( 1968 ) . The anti

v iral activity appears identical with that discussed by Le Q .  Darcel & 

Coulter ( 1976) . They confirmed Bitsch ' s  ( 1964 ) report that bovine seminal 

plasma exhibits activity against IBR viru s .  Both the virus neutral i sing 

activity and the toxicity to tissue culture were destroyed by heating 

bovine seminal plasma to 5 6 1 C  for 30 minutes ,  and were readily adsorbed onto 

kaolin . It therefore appears that the antiviral and antibacterial activity 

activity in bovine seminal plasma are assoc iated with different compounds .  

An extremely heat labile compound or complex also occurs in bovine 

seminal plasma and is associated with a seminal plasma inhibitory effect on 

some StaphYlococcus aureus strains . The level of this activity in bovine 

s eminal plasma varies with individual sample s .  Bacillus subtilis is also 

inhibited by a heat labile compound in bovine seminal plasma , while bovine 

seminal plasma proteins have a bacteriostatic rather than bacterioc idal 

e ffect on this organism .  Further characteri sation of this compound was not 

attempted . 

The activity which wa s investigated further in this thes i s  i s  heat 

s table at 6 0 ' C  for 60 minutes and has a lethal e ffect on both Gram-pos itive 

and Gram-negative bacteria as well as on mycoplasmas . It is probably 

identical with the heat stable nondialysable mycoplasmic idal compound 

found in bovine serum and semen by Taylor-Robinson et al ( 1969 ) . The 

partial loss of thi s activity against Micrococcus lysodeikticus which 

occurred at higher temperatures was probably due to non spec ific prec ipita

t ion of the active fraction with other heat labile seminal proteins ,  or to 

a certain fraction of the antimicrobial compound occurring in a heat labile 

association . 

The decrease in the antibacterial activity of bovine seminal plasma 

after treatment with proteolytic enzymes may be due in part to the release 

of compounds from the proteolys is of other bovine seminal plasma constituents 

which act as inhibitors of the antibacterial activity . There is no doubt , 

however , that bovine seminal plasma antinlicrobial activity is subj ect to 

degradation by several proteolytic enzymes and is a protein molecule itse l f . 

This activity is unaffected by periodate treatment , indicating that 

carbohydrate moieties are not es sential for its function as an antimicrobial 

agent . 
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Dialysis and Ultrafiltration o f  bovine seminal plasma suggest that 

the antimicrobial factor exists in more than one form ( as reported by 

Shannon et al ( 19 7 4  & 1 97 5 )  in the ir studies on bovine seminal plasma 

antibacterial activity ) .  Dialysable molecules with antibacterial activity 

exist in equil ibrium with larger non dialysable complexes which can 

dissociate to release the smaller dialysable moiety . This smaller moiety 

i s  able to reaggregate into complexes of molecular weights greater than 

5 0 , 000 dalton s , since a portion of the antibacterial activity having 

passed through an ultrafiltration membrane failed to do so on re-filtration . 

The non dialysable ,nature of the mycoplasmicidal activity described by 

Taylor-Eobinson et al ( 19 6 9 )  may be associated with the larger mol ecular 

weight aggregate s of the active factor commonly occurring in bovine seminal' 

plasma . 

The measurable amounts o f  antibacterial activity present in bovine 

seminal plasma may to some extent be associated with the nature of the 

active fraction present in whole seminal plasma . Some of the activity i s  

probably adsorbed onto sperm and bacterial cell s ,  and other seminal proteins . 

The extent of this adsorption and its revers ibility may affect the biological 

assay of the antibacterial activity present in a given sample . Thus , it 

seemed best to regard the levels  recorded in the assay system as a measure 

of functional activity rather than the absolute concentration of such 

activity in bovine semen or seminal plasma . The level of antibacterial 

activity seen in semen and seminal plasma samples may therefore reflect not 

only the intrinsic abil ity of a bul l  to produce the compounds involved but 

also the proportion of activity available for active participation in 

microbial inhibition . 

In the agar wel l  diffusion test there is  the additional provi sion 

that the assay is dependent on the abil ity of the active moiety to diffuse 

through the agar , and hence the state of aggregation of the active factor 

could affect the as say results . The increase in the diameter of inhibition 

zones produced by bovine seminal plasma and semen samples in the presence 

of c itrate may be due to ( a )  increasing the abil ity of the antimicrobial 

factor to diffuse through the agar due to neutralisation of charges on the 

agar or by altering the charge carried by the molecule itsel f . From the 

behaviour in native polyacrylamide gel electrophoresis it is apparent that 

c itrate modifies the migration of the antimicrobial factor in an electric 

field ; the electrophoretic properties are consi stent with a conversion 

from a cationic to an anionic state . 

(b)  increasing the dissociation by c itrate 
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of higher molecular weight aggregates present in bovine seminal plasma 

to smaller moieties would also increase the abil ity to diffuse through the 

a ssay agar . 

( c ) c itrate may affect the speci fic activity o f  

the factor by increasing the sensitivity of the test organism t o  the 

antimicrobial factor . Such an effect might be tested 1n an alternative 

liquid assay system , where the ability of the factor to diffuse is not 

s ignificant to the assay .  

Sephadex S P  2 5  treatment of bovine seminal plasma proteins 
c 

substantially increased the diameter of the inhibition zone produced . This 

could be due to the removal of inhibitory compounds normally bound"' to a 

certain fract ion of the antimicrobial proteins in bovine genital secretions , 

or to removal of a factor which favours the association of active m01eties 

into aggregates whose activity i s  not measured in the as say system being 

u sed . Native polyacrylamide gel electrophore�is of the treated material 

produced a streak of cationic material , this may indicate alterations in 

the aggregate forms of the active moiety , poss ibly by removal of an 

inhibitory compound from the complex . 

The variation in s ize of the protein peaks eluted from Amberlite 

IRC- 5 0  cationic exchange resin by Tri s  or phosphate buf fers i s  thought to 

represent changes in the physical state of the molecule responsible for the 

- antimicrobial activity ; dialysis of highly purified material against 

phosphate buffer also produced alterations in the electrophoretic 

migration of the i solated protein ( CHAPTER 2 0 . 8 ) . The differential 

release of active fractions from the Amberl ite I RC-5 0  resin probably 

represents different molecular weight complexes of the active moiety 

having varying affinities for the cationic exchange resin . With the present 

understanding of the properties of the protein re sponsible for some of the 

antimicrobial activity in bovine seminal plasma , it may be pos s ible to use 

an ion exchange resin in a procedure s imilar to that developed with DNA 

( CHAPTER 19 . 4  ) .  

Native polyacrylamide gel electrophoresis showed no resemblance 

between the migratory patterns of bovine seminal plasma prote ins ,  and those 

of lysozyme , polylysine , salmine or spermidine . Bovine seminal plasma 

produced several cationic prote in bands at pH 8 . 6 , which exhibited anti

bacterial aGtivity by the overlay technique used to locate biological 

activity in s ingle bands of electrophoresed proteins . These active proteins 

separable by el ectrophoresis are probably aggregates produced by self -
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association o f  the active moiety into several different molecular weight 

complexes . 

The antimicrobial factor e ffective against both Gram-pos it ive and 

Gram-negative bacteria and mycoplasmas was i solated from bovine seminal 

plasma by adsorption of the active factor onto highly polymerised DNA . 

Some activity was not adsorbed during the extraction proce s s ,  and thi s  

might represent another heat stable factor present i n  bovine seminal plasma , 

or certain aggregates o f  the isolated material having little a ffinity for 

DNA . There is indeed some indication that the phys ical. state of the pur ified 

antimicrobial factor may vary with the ionic environment which i s  present , 

existing in at least two mol ecular weight forms in equilibrium with one 

another . 

The protein i solated from bovine seminal plasma by adsorption onto 

DNA is trypsin sensitive ( although not as sensitive as whole bovine seminal 

plasma , possibly due to the non specific inhibition of the active moiety by 

endproducts of trypsin digestion of other seminal plasma proteins ) .  It i s  

heat stable ( 60 l e  for 60 minutes and has no carbohydrate moiety 

associated with its active site . 

I n  Ultracentrifugation and native polyacrylamide gel electrophoresis 

studies it was found that there i s  cons iderable variability in the physical 

state of the protein , due to bot.h self-assoc iation and to interactions with 

the ionic microsolutes present in its environment . Thus phosphate dialysis 

produced a single protein spec ies on native polyacrylamide gel electro

phoresis , which after several weeks reassoc iated to produce four bands on 

electrophoresis at pH 8 . 6 . These migratory properties probably reflect 

interactions between the active protein moiety and the mult ivalent phosphate 

ions in the buffer solution , produc ing a variety of differing complexes . 

Similar associations and dissociations can be induced by heat , low pH , the 

addition of c itrate etc . In bovine seminal plasma it is very l ikely that 

the active protein is also found in associations with other seminal 

plasma constituents : proteins , l ipids and carbohydrates . 

On N terminal amino acid analysis the purified material was found 

to possess a single N terminal residue , glutamic acid or its amide 

derivative . I t  also migrated as a single protein band under SDS polyacryl

amide gel electrophore s i s ,  which suggests the presence of a s ingle protein 

moiety , mi.grating at a rate consi stent with a molecular weight of 

approximately 2 5 , 000 daltons . Thi s  antimicrobial factor has a high content 

of aromatic amino acids ( phenylalanine , tyrosine ) and histidine , but no 
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arginine residues in its composition . Its basic nature must therefore be a 

function of its high lysine and histidine re sidues together with amide 

derivatives o f  the acidic amino acids present . 

There have been several reports in the literature of cationic 

proteins possessing antimicrobial properties and possibly acting as primary 

non specific defence mechanisms in var ious regions of animal anatomy , and of 

antimicrobial activities of various systems possibly assoc iated with the 

secretion of such components ,  although a complete characterisation of the 

agents involved has not been made . 

A powerful antibody independent , ant ivibrio mechanism exists at the 

epithel ial surface of mouse intestine , not associated with the indigenous 

flora of the region and requir ing actively metabolising cell s .  It is 

thought to be associated with the secretion of some component which has a 

bacteriocidal effect on Vibrio chol erae ( Knop & Rowley 1975 ) .  

The bladder " antibacterial defence system is also assoc iated with 

the secretion of compounds which prevent the initial binding of bacteria 

to the bladder mucosa and kill those organi sms in direct contact with the 

mucosa Lowell Parsons et al 1 97 5 ) . 

A heat stable ( 60 ' C  ) fraction active against several mycoplasma 

inc luding ureaplasma species has been found to occur in normal bovine 

whey ( Howard et al 1975 ) ,  and in bovine serum and semen ( Taylor-Robinson 

et al 1969 ) .  Chemical characterisation was not attempted . 

Antimicrobial proteins have been reported in numerous tissues and 

fluids , but most differ from the activity isolated from bovine seminal 

plasma in heat stability ,  activity spectrum or mode of action . The seminal 

plasma activity is heat stable at 60 ' C  and is therefore not assoc iated with 

complement ( Muller-Eberhard et al 1966 ) .  

Histones and protamines ( Hirsch 1958 ; Busch 1965 ; Phillips 1971 

are basic proteins with antimicrobial activity , producing no detectable 

lysis or morphological alterations of the bacterial cell . They readily 

form aggregates of high molecular weight s ,  with sedimentation coeffic ients 

of 80  - 280 S between pH 5 . 6  and pH 8 . 1  . In these characteristics they 

resemble the material present in bovine seminal plasma , but several 

differences do exist ( TABLE XXXII ) .  In addition , their antibacterial 

activity is decreased by the presence of serum or albumin , change s in pH 

( no activity at pH 7 . 0  ) and increas ing ionic strength decreases the 



TABLE XXXI I .  

COMPARISON OF THE PROPERTIES OF HISTONES WITH THOSE OF THE 

ANTIMICROBIAL FACTOR I SOLATED FROM BOVINE SEMINAL PLASMA . 

PROPERTY 

N terminal amino acid * 

Basic amino acids * 

arginine * 

cysteine * 

tyrosine * 

Charge at pH 8 . 0  

Kil l  in O . lSM NaCl * 

Kill with serum present * 

Response o f  
Escherichia coli 
Klebs iella pneumoniae 
P roteus morgani i 
P seudomonas aerugino sa * 
Serratia marcescens * 

Staphylococcus aureus * 
Streptococcus haemolyticus * 

HISTONE 

alanine , proline 

more than 2 2 %  

high 

low 

absent 

positive 

no activity 

decreased . 

sensitive 
sens itive 
resi stant 
sensitive 
resi stant 
sensitive 
resistant 

BOVINE SEMINAL 
PLASMA FACTOR 

glutamic acid 

11% 

absent 

intermediate 

high 

positive 

high activity 

no e ffect 

sensitive 
sensitive 
res istant 
resistant 
sensitive 
variable 
sensitive 

FOOTNOTE * properties which differ between bovine seminal plasma anti
microbial factor and hi stones .  

MASSEY Ut�!VERSIn; 
L 1fJRARY 
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killing capacity of hi stones ( no kill occurs at 0 . 15M NaCl ) .  This differs 

considerably from the active material isolated from bovine seminal plasma . 

Interferon may in fact be a histone ( Harold 1970 ) ,  but it inhibits 

viral repl ication by altering the host cell metabolism rather than having 

a direct effect on the virus or viral activity . It is not known to be anti

bacterial . 

Lactenin , found in bovine , caprine and human whey , has specific 

activity again·st group A streptococci ( wil son & Rosenblum 1952 ) .  

Lactoferrin and transferrin act by preventing bacterial growth in the 

host by a mechanism interfering with normal bacterial iron metabolism i . e .  

act by nutritional immunity . It is heat stable ( 56 ' C  ) , bacteriostatic and 

pH dependent ( no activity at pH 6 . 8 ) Oram & Reiter 1968 ; Bullen et al 

1972 ) .  

Lysozyme does not appear to be important as a primary defence 

mechani sm of cattle ( see discussion above ) .  

Polymyxins are heptapeptides with a long carbohydrate s ide-chain 

Harold 1970 ) which are more effective aga inst Gram-negative than Gram

po sitive bacteria ; they bind to phosphol ipids of the l ipopolysaccharide 

layer and plasma membrane , to produce a re-orientation of the membrane 

l ipids and a breakdown of the permeability barrier . 

Properdin i s  bacteriocidal and antiviral ( Wardlaw & Pi1lemer 1956 ) ,  

but is heat labile ( 56 ' C  ) and requires Magnes ium ions and complement . 

Tyrocidines are cyc l ic peptides ,  strongly basic , with the basic 

residues essential for antimicrobial activity and hydrophobic residues 

needed to bind the molecule to the membrane . They do not solubilise the 

whole bacterial membrane , but disrupt the permeabil ity barrier and cause the 

release of small metabolites from affected cells ( Harold 1970 ) .  

The smallest peptide fragment with antimicrobial activity appears to 

be tripeptides with the general formula L arginine - D x - L phenyla lanine , 

which have been found to have antifungal activity ( Eisele 1975 ) .  Such a 

sequence may be similar to those present in the active sites o f  other larger 

basic peptides and proteins . 

Group s of cationic proteins have been i solated from many biological 

systems , and have been assoc iated with primary defence mechani sms in 

several animal spec ies . 
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The primary function of neutrophilic granulocytes is phagocytosis 

and destruction of invading microorganisms . A group of heat stable ( 100 ' C  

for 10 minutes ) cationic proteins have been isolated from human neutro-

philic granulocytes with antibacterial Odeberg et al 1 9'/ 5  ) and anti fungal 

( Lehrer et al 1973  ) activity . Ols son & Venge ( 1974)  different iated these 

proteins into two separable groups . Group one ( components 1 - 4 ) had 

molecular weights of 2 5 , 500 to 28 , 500 daltons , almost identical amino acid 

compositions , and immunochemical identity also . The other group ( components 

5 - 7 ) had molecular weights of 2 1 , 000 to 2 9 , 000 daltons , and also showed 

immunochemical identity . Lehrer ( 197 3 )  distinguished several components from 
. 

human ne�trophils with selective antibacterial effect s .  Five constituents 

were active against Staphylococcus aureus , three against Bacillus subtilis , 

two against Escherichia coli and one active against Klebs iella pneumoniae . 

The fractions active against S .  aureus had no e ffect on Gram-negative 

bacteria . These cationic proteins from human neutrophilic granulocytes had 

higher molecular weights and lower basic amino acid compositions than 

s imilar proteins isolated from PMN leukocytes from other species . 

Lysozyme and other cationic proteins are assoc iated with the anti

bacterial activity of peroxidaseless chicken polymorphonuclear ( PMN ) 

leukocyte s ( Brune & Spitznagel 1973  ) .  In guinea pig PMN leukocytes , the 

cationic prot_eins have approximately 25% basic residues in their overall 

amino acid composition , and markedly dif ferent compositions from tho se of 

nuclear hi stones ( Zeya & Spitznagel 1966b ) i they are effective against 

both Gram-positive and Gram-negative bacteria including Bac illus megaterium , 

Candida albicans , Escherichia col i ,  Klebsiella pneumoniae and Staphylococcus 

aureu s ,  and they interact with and disorgani se bacterial structures 

responsible for the maintenance of the normal permeabil ity barrier ( Zeya & 

Spitznagel 1966a ) . On resolution the cationic proteins from rabbit PMN 

l eukocytes exhibit preferential inhibitory activity against different 

bacterial spec ies ,  as well as chemical heterogeneity ( Zeya & Sptiznagel 

1968 ) . These prote ins are low in aromatics , have high arginine : lysine 

ratios , and a high cysteine content . Their activity may be blocked by the 

presence of iron and haematin but not haemoglobin ( Gladstone & Walton 1971 ) .  

Cationic proteins are al so associated with the myeloperoxidase -

independent candidacidal mechanisms in human monocytes ,  active against 

Candida pseudotropicalis and Candida parapsiJos is , but not agalnst Candida 

albicans ( Lehrer 1975 ) .  

Antimicrobial , heat stable ( 70 ' C  ) basic proteins have been isolated 

from bovine nEutrop'hil s ( Brownlie 1971 ) ,  and from the cells ( epithel ial , 
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neutrophil ic , basophil ic , lymphocytic and monocytic ) of  bulk bovine milk 

samples ( Hibbitt et al 1 97 1  ) .  These may be released from the cells into 

the milk and constitute the initial defence of the mammary gland against 

invading microorganisms . 

The teat canal keratin of the cow also contains cationic proteins 

with antimicrobial activity Hibbitt & Cole 1968 ; Hibbitt et al 1969 ) .  

These have been shown in in vitro studies to inhibit the growth o f  mastitis 

s trains of staphylococci and streptococci .  The proteins adsorb onto the 

cell surface by electrostatic interaction ( Hibbitt et al 1969 ; MacMil lan & 

Hibbitt 1973  ) and are bound to the cell wal l  and membrane with l ittle 

protein penetrating into the cytoplasm ( MacMillan & Hibbitt 1973 ) :  Thi s  

adsorption results in a thinning o r  complete disruption of the c e l l  wall ,  

di sorgani sation of the cell membrane , accumulation of f ibrillar material 

on the outer surface of the bacteria , and some degree of plasmolysis 

( MacMil lan & Hibbitt 1969 ) .  This disruption . of components responsible for 

the osmotic barrier of the cell result s  in the rapid leakage of i sotopically 

labelled protoplasmic proteins from bacterial cells ( Hibbitt & Benians 197 1 

Hibbitt et al 1972 ) .  In vivo , similar adsorption , fine structural changes 

and eventual kill occur in staphylococci collected from the teat canal s of 

cows after close proximity to the keratinised epithelial cells for 24 hours 

( MacMil lan & Hibbitt 1969 ; Hibbitt & Benians 1971 ) .  Thus the teat canal 

Df healthy cows provides an environment continually repressive to microbial 

growth and the cationic proteins produced by this tissue provide the initial 

l ine of natural defence for the mammary gland , as well as rendering the 

invading microorganisms more susceptible to the activity of phagocytic 

polymorphs and immune globul ins . 

Non serum antimicrobial cationic proteins have also been i solated 

from bovine cervical mucus and are thought to be responsible for the local 

non specific resistance of the female reproductive tract to bacterial 

invasion . For example , the cervix appears to be a barrier aga inst the spread 

of brucellosis from infected bul ls to susceptible cows by natural infection , 

although artificial intrauterine insemination with Brucella contaminated 

semen will transmit brucellosis ( Brownlie & Hibbitt 1972 ) .  

The antimicrobial protein isolated from bovine seminal plasma by 

adsorption onto DNA , appears to be of a unique chemical compos ition , 

different from the amino acid profiles of other cationic proteins which 

have been characterised ( Zeya & Spitznagel 1966b ; Zeya & Spitznagel 1968 ) ,  

see TABLE XXXIII . It  differs from nuclear hi stone s ,  polymorphonuclear 

cationic proteins and separated peak 4 PMN cationic proteins in the absence 



TABLE XXXI I I  • 

COMPARISON OF THE PERCENT AMINO ACID COMPOS ITION OF CATIONIC PROTEINS 

FROM POLYMORPHONUCLEAR LEUKOCYTES ,  HISTONES , AND THE ANTIMICROBIAL FACTOR 

ISOLATED FROM BOVINE SEMINAL PLASMA . 

AMINO ACID DNA PMN TOTAL PEAK 4 OF 
ISOLATE CATIONIC NUCLEAR PMN CATIONIC 

PROTEINS* HISTONES* PROTEINS # 
anti- . anti-

staphylo- strepto-
coccal coccal 

aspartic acid 12 . 7  7 . 6  5 . 6  1 . 7  0 . 4  

glutamic acid 9 . 5  9 . 2  8 . 3  3 . 9  4 . 0  

glyc ine 8 . 2  6 . 2  8 . 6  6 . 2  5 . 6  

alanine 7 . 0  6 . 5  12 . 9  9 . 4  8 . 4  

valine 4 . 4  5 . 9  6 . 5  4 . 0  4 . 2  

leucine 7 . 0  9 . 5  8 . 1  9 . 8  10 . 1  

i soleucine 2 . 5  4 . 9  4 . 2  6 . 1  7 . 0  

serine 7 . 6  3 . 4  4 . 1  1 . 7  1 . 4  

threonine 5 . 7  5 . 7  5 . 5  0 . 8  0 . 8  

cysteine 5 . 7  3 . 5  0 . 4  1 3 . 5  14 . 0  

methionine 1 . 3  1 . 1  1 . 1  0 . 4  0 . 2  

prol ine 4 . 4  6 . 3  5 . 1  7 . 0  6 . 6  

phenylalanine 6 . 3  4 . 2  1 . 8  2 . 9  2 . 3  

tyrosine 6 . 3  1 . 2  2 . 4  0 . 7  0 . 0  

hi stidine 1 . 9  0 . 7  2 . 8  2 . 7  3 . 4  

lysine 9 . 5  8 . 6  13 . 8  3 . 8  0 . 9  

arginine 0 . 0  15 . 6  8 . 9  25 . 4  3 0 . 8  

FOOTNOTES * data from Zeya & Spitznagel ( 1966b) 

# data from Zeya & Spitznagel ( 1968 ) . 
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o f  arginine , and in the higher numbers o f  serine and aspartic acid 

residues . The bovine protein tends to have a lower prol ine content than the 

o ther cationic proteins , but phenylalanine and tyrosine are substant�ally 

higher i the content of glutamic acid , methionine and threonine i s  s imilar 

to the proteins from PMN leukocytes and nuclear histones ,  but greater than 

that o f  peak 4 isolated proteins from PMN leukocytes .  The level of 

cysteine in the protein of bovine origin i s  higher than that for the PMN 

cationic proteins , but rather lower than that for separated peak 4 proteins 

from this group . Histones contain the largest amount s of lysine , bovine 

seminal plasma and PMN cationic proteins have intermediate lysine contents 

and the i solated peak 4 proteins from PMN leukocytes contain the least . 

Thus , proteins associated with non specific antimicrobial resistance 

in several animal species , although chemically heterogeneous ,  are able to 

perform similar biological functions , producing disturbances of the 

o smotic state of the cell and inducing massive leakage of cellular contents . 

Variation in their exact chemical composition may be assoc iated with 

antibacterial spec ific ity . These proteins ,  which are cationic at 

physiological pHs , are important in the initial non specific defence against 

microbial invasion via the natural orifices of the animal body , and have 

been found in the biological components of several animal systems . Other 

constituents of the se systems , especially if of an anionic nature , may 

result in apparent inhibition of the active cationic proteins e . g .  whole 

keratin had no antibacterial activity , since the active moiety was bound 

to other negatively charged compounds which were pre sent ( Hibbitt et al 

1969 ) . However , some of the compl exes of the antimicrobial factor with 

other components , for example of seminal plasma , or self-aggregations with 

other monomeric forms of the factor , may act as a stable reservoir from 

which the small active moiety can be withdrawn as required by the 

di ssociation of these complexes .  Such associations may also serve to render 

the active protein less susceptible to metabolism or el imination from the 

body . In addition , within the l iving animal cationic proteins are being . 

systhes ised continually and are there fore always available to bind to 

anionic material including invading microorgani sms . 

Skarnes & Watson ( 1957 ) believed that antimicrobial cat ionic 

proteins were only present in normal tissues in response to the physiological 

changes accompanying stress . There is now overwhelming evidence that such 

compounds are present in many normal tissue s and secretions in the absence 

of stre ss conditions . Al though evidence i s  accumulating that under the 
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conditions o f  specific challenge the amounts produced by normal t issues may 

increase substantially . Thus , Brownlie ( 19 7 1 )  noted an increase in anti

microbial cationic proteins both in bovine neutrophilic granulocytes and free 

in the milk from the mammary glands of animals with induced sterile 

mastiti s .  Endotoxin inj ection into mice resulted in an enhanced non specific 

resistance to bacterial infections probably assoc iated with the release of 

cationic proteins into the intercellular fluids ( Hill et al 1973 ) .  In 

addition , the inflamm'atory response of rabbits to endotoxin inj ection has 

been shown to stimulate the accumulation of large amount s  of bacteriocidal 

compounds ( beta-lysin and lysozyme ) ,  released from platelets and leuko

cytes into tissues where measurable amounts of these compounds are , not 

normally present ( Tew et al 1971 ) .  

Bovine seminal plasma antimicrobial cationic proteins appear to be 

of a unique character compared with other similar compounds which have been 

investigated , although they may reasonably be assumed to perform s imilar 

biological functions ,  i . e . they act as primary natural non specific defence 

mechanisms in those areas of the body readily exposed to microbial 

invasion . 

These proteins provide an effective defence of the bovine male 

reproductive tract since few microorganisms are isolated from the upper 

genital tract of healthy animals ; mo st microorganisms are restri cted to a 

colonisation of the penis and prepuce below the acce ssory glands which are 

thought to produce the antimicrobial secretions . In addition , ascending 

infection from the large re servoir of potential pathogens in the preputial 

cavity is rare , and reproductive disorders are uncommon . The causitive 

agents are usually those microorgani sms which are resi stant to the anti

microbial activity of bovine seminal plasma . The considerable difficulty 

experienced in i solating Ureaplasmas ( Taylor-Robinson et al 1969 ) and IBR 

virus ( Parsonson et al 1974b ) from bovine semen , and the enhancement of 

Trichomonas fetus infectivity by culture in bovine seminal plasma , may also 

reflect the ability of the male reporductive tract and its secretions to 

remain relatively sterile . The antimicrobial compounds also repre ss the 

transmis sion of venereal diseases to serviced cows , decrease the spermicidal 

microbial population in semen and restrict the number of bacteria potentially 

abl e to cause endometritis and foetal abortion . 

Similar cationic proteins have also been found in bovine spleen , 

pancreas ,  l iver and lung tissue ( Shannon et al 1975 ) suggesting that 

these compounds are part of the overall non specific defence mechanisms 
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throughout the bovine body , protecting the natural orifice s from invasion 

by potentially pathogenic microorganisms . 
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fUTURE RESEARCH 

I would l ike to consider that future studies of the 

antimicrobial compounds in bovine seminal plasma will proceed along several 

l ines of investigation . 

For the artific ial breeding industry , emphasis would be on the 

identification of the prec ise components functioning as sperm toxic agents , 

and the study of blocking agents which would enable the long term storage 

of semen without present difficulties associated with cold shock of sperm . 

Thi s  i s  especially true if the information gained in the bovine system i s  

appl icable t o  boar and ram artificial breeding programme s ,  where 

successful artificial breeding techniques have still to be ful ly developed . 

A more general study of primary non specific defence mechani sms 

requires the identification of the other antimicrobial components of bovine 

seminal plasma , including the antiviral compound and the heat labile anti-

s taphylococcal activity 

interactions ) .  

this may be associated with antibody-complement 

Closer studies of the isolated factor , mode of action in relation ·to 

its active site , the mechanisms of bacterial resistance etc . , could lead to 

a long term assessment of its potential as a commercial antibiotic , depending 

on the reactivity of the host as well as on the effectiveness of the 

compound as an antimicrobial agent . 

Physiological studies must be attempted to locate the site of 

production in the reproductive tract , the precise cells involved in its 

secretion and factors influenc ing its production . In a given individual , 

marked fluctuations in quality ,  quantity and composition o f  secretions of 

the accessory sex glands may reflect the functional act ivity of that 

particular gland , governed primarily by hormones of testicular origin . The 

output of androgens is subj ect to control by the anterior hypophysis and 

hence many factors ( age , light , season , temperature , diet ) may 

ultimately affect the antimicrobial activity o f  an animal ' s  genital 

secretions . Corticosteroids ( dexamethasone ) enhanced the abil ity to 

i solate IBR virus from bovine semen ( Clark et al 1974b ) .  The precise 

nature of the effect of this synthetic hormone on genital secretion and IBR 

virus in not known , but indicates the need to investigate the effect of 

hormonal activity on bovine genital tract antimicrobial secretions . 

In other systems where cationic proteins have antimicrobial functions ,  

there i s  some indication that challenge ,by endotoxin , and pos sibly invading 

microorgan isms stimulated the production of and release of cationic 
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proteins . Such inve stigations of the bovine reproductive tract may provide 

additional information on the response of non speci fic natural antimicrobial 

systems to disease . 



APPEND IX ONE 

MICROBIAL NUMBERS AND ANTIBACTERIAL ACTIVITY IN IND IVIDUAL BULL SEMEN SAMPLES . 

BULL DATE ANTIBACTERIAL ACTIVITY M ICROBIAL POPULATION 

Inhibit ion LzU /crn 
3 

Total Count (a ) 
1 

(b)  
2 

( c ) 
3 

Zone (mm) e 

Fre sian : 
9 4 0  3 1 / 1 0  1 9 . 7 5  lS , 2 5 0  4 5 , 000 

6/1 1  1 9 . 7 5  lS , 2 5 0  5 5 0 , 000 

11/11 2 1 . 00 27 , 2 5 0  1 6 0 , 000 1 5 9 , 0 0 0  1 , 0 0 0  5 

5 2 1 1  3 1/ 1 0  2 0 . 0 0  2 0 , 00 0  2 , 4 0 0  

6 4 2 9  14/11 2 1 . 5 0  3 1 , 0 0 0  27 0 1 1 0  1 6 0  3 

6 4 6 3  1 3 / 1 1  2 0 . 5 0  2 3 , 2 5 0  2 90 2 6 0  3 0  2 

7 2 0 0  3 1 / 1 0  IS . 7 5  1 3 , 2 5 0  6 , 5 0 0  

3/11 2 0 . 7 5  2 5 , 0 0 0  7 , 8 00 

6/11 1 9 . 5 0  17 , 0 0 0  3 8 , 00 0  

7 2 0 5  5/11 2 1 . 5 0  3 1 , 0 0 0  1 , 2 0 0  

S /l l  1 9 . 5 0  17 , 0 0 0  1 , S OO 

7 2 2 1  2/11 l S . 5 0 1 2 , 2 5 0  3 00 

5/11 2 0 . 0 0  2 0 , 0 0 0  4 4 0  

9/11 1 6 . 5 0  6 , 4 0 0  6 , 0 0 0  5 , 1 0 0  9 0 0  2 

1 5/11 1 9 . 00 14 , 2 5 0  3 1 , 000 3 0 , 9 0 0  1 0 0  3 

7 4 4 3  1 2/11 2 1 . 7 5  3 3 , 5 00 2 , 7 00 2 , 6 0 0  1 0 0  6 

92 3 0  1/11 1 9 . 2 5 1 5 , 7 5 0  2 4 0  

4/11 1 9 . 0 0  1 4 , 2 5 0  2 , 2 0 0  

7 / 1 1  1 5 . 7 5  4 , S O O  4 , 6 0 0  

13/11 1 9 . 2 5  1 5 , 7 5 0  3 , 9 00 3 , 4 0 0  5 0 0  7 

I . 1 6/11 1 9 . 2 5  1 5 , 7 5 0  7 , 3 0 0  6 , 2 00 1 , 1 0 0  3 

1 9/ 1 1  1 9 . 7 5  1 8 , 2 5 0  3 , 5 00 3 , 4 0 0  -- 1 0 0  6 

2 2 /1 1 l S . 2 5 1 1 , 2 5 0  2 4 0 , 000 2 4 0 , 0 0 0  0 3 f-' 
0 

94S 9 1 2/11 2 0 . 00 2 0 , 0 0 0  2 0 , 0 0 0  
\.0 

2 0 , 00 0  0 3 

/ . . . 



APPEND IX ONE ( eontd 

BULL DATE ANTIBACTERIAL ACTIVITY MICROBIAL POPULATION 

Inhib it ion LzU /ern 
3 

Total Count (a ) 
1 

,(b )  
2 

(e ) 
3 

Zone (mm) e 

Hereford : 
7 26 1 0  1 2/11 1 9 . 2 5 1 5 , 7 5 0  8 00 7 5 0  5 0  5 

18/11 18 . 00 1 0 , 500  41 , 000 41 , 000 0 1 

7 2 61 1  2/11 1 5 . 2 5  4 , 00 0  6 , 3 00 
7 /11 18 . 2 5 11 , 2 5 0  4 9 0  

1 0/11 1 6 . 00 5 , 3 5 0  2 , 000 0 2 , 00 0  1 
16/11 18 . 2 5 11 , 2 5 0  2 , 600 2 , 4 00 2 00 4 

7 2 6 1 3  3/11 1 8 . 0 0  1 0 , 500  50 
6/11 18 . 00 1 0 , 500  7 00 
9/1 1 17 . 00 7 , 50 0  1 , 600 1 , 5 9 0  1 0  3 

1 5/11 1 6 . 5 0  6 , 400  7 , 1 00 2 0 0  6 , 900 2 
2 1/11 18 . 7 5 13 , 2 5 0  8 8 , 000 88 , 000  0 2 

7 2 624  5/11 17 . 2 5 8 , 2 0 0  7 00 
8 /11 1 6 . 5 0  6 , 400  2 6 0 , 000 

14/11 17 . 00 7 , 5 00 200 3 8  1 6 2  5 
17/11 18 . 00 1 0 , 500  4 , 2 00 4 , 1 0 0  1 0 0  2 
2 0/11 17 . 7 5 9 , 60 0  3 0  3 0  0 1 

Charolais : 
6607 6 1/11 2 0 . 00 2 0 , 000  17 , 000 

3/11 1 9 . 2 5  1 5 , 7 5 0  7 50 
5/11 2 0 . 5 0  23 , 2 5 0  6 , 000 
7 /11 2 0 . 2 5  21 , 500  2 6 , 000 
9/11 · 17 . 50 9 , 000 1 0 , 000 6 , 900  3 , 1 0 0  4 

1 1/11 2 1 . 5 0  3 1 , 00 0  8 3 0  5 2 0  3 1 0  3 
13/11 1 9 . 5 0  17 , 00 0  5 6 0 , 000 5 6 0 , 000 0 5 
1 5/11 2 0 . 5 0 23 , 2 5 0  3 3 , 000 1 9 , 00 0  1 4 , 000  6 I-' 
17/11 1 9 . 7 5  18 , 2 5 0  1 , 4 00 7 90 610 2 I-' 

0 
1 9/11 2 1 . 7 5  3 3 , 500  7 , 4 00 7 , 4 00 0 4 
2 1/11 1 9 . 5 0  1 7 , 00 0  1 5 0 , 000 1 3 0 , 000 2 0 , 000  8 

/ 



APPENDIX ONE ( contd ) 

BULL DATE ANTIBACTERIAL ACTIVITY MICROBIAL POPULATIONS 

Inhibit ion LzU /cm 
3 

Total Count (a ) 
1 

(b)  
2 

(c ) 
3 

Zone (mm ) e 

661 7 5  2/11 1 6 . 00 5 , 3 50 1 8 , 000 
4/11 1 9 . 0 0  14 , 2 50 9 , 200 
6/1 1  2 0 , 00 2 0 , 000 2 , 900 
8/11 1 9 . 2 5  1 5 , 7 50 1 7 0  

1 0/11 20 . 2 5 21 , 500 2 3 0  1 60 7 0  3 
1 2/1 1 20 . 7 5  . 2 5 , 000 650 200 4 5 0  6 
14/11 21 . 5 0  31 , 000 1 , 000 58 0 4 2 0  3 
18/11 22 . 00 3 6 , 000 460 3 60 1 0 0  9 
2 0/11 1 9 . 5 0  17 , 000 1 6 , 000 3 0  1 5 , 97 0  3 
2 2/11 2 0 . 2 5  21 , 500 1 , 1 00 2 0  1 , 08 0  4 

1 f-' 
FOOTNOTES :  ( a )  number o f  organisms r esistant to the natural ant ibact er ia l  activ ity o f  bovine semen . f-' 

f-' 
2 

(b)  number of organisms sensitive to the natural ant ibacter ial act iv ity of bovine semen . 
3 

(c ) number of d i fferent microbial colony types in each sample . = 



APPEND IX TWO 

MICROBIAL NUMBERS AND ANT IBACTERIAL ACTIVITY IN PAIRED EJACULATES FROM INDIVIDUAL BULLS . 

BULL DATE EJACULATE ANT IBACTERIAL ACTIVITY MICROBIAL POPULATION 
NUMBER 

Inhibit ion LzU /crn 
3 

Total Count ( a )  
1 

(b)
2 

( c ) 
3 

(rom) e 
Zone 

5211  3/11 fir st 1 9 . 5 0 17 , 000 1 , 600 
second 2 0 . 00 2 0 , 00 0  1 , 1 00 

6/1 1  first 1 9 . 50  17 , 000 3 , 3 00 
second 18 . 2 5 1 1 , 2 5 0 3 , 90 0  

9/11 fir st 1 7 . 7 5  9 , 600 4 , 7 00 3 , 2 00 1 , 500 5 
second 17 . 7 5  9 , 600 5 , 600 2 , 900 2 , 7 00 3 

12/11 fir st 2 0 . 00 2 0 , 000 5 , 1 00 3 , 000 2 , 1 00 4 
second 2 0 . 50 23 , 2 5 0  5 , 00 0  0 5 , 000 4 

15/11 f ir st 1 9 . 00 1 4 , 2 5 0  3 , 1 0 0  2 , 4 00 7 0 0  4 
second 2 0 . 00 2 0 , 000 5 00 400 1 00 3 

18/11 fir st 2 0 . 7 5  2 5 , 000 5 0 , 000 4 9 , 000 1 , 000 5 
second 2 0 . 50  2 3 , 2 5 0  3 , 9 00 1 , 700  2 , 2 00 4 

21/11 first 2 0 . 00 2 0 , 000 2 , 7 00 2 , 67 0  3 0  7 
second 21 . 50  3 1 , 000 2 , 5 00 2 , 200 3 00 3 

6200 1/11 f ir st 17 . 25 8 , 2 00 1 6 , 000 
second 18 . 5 0 1 2 , 2 5 0  4 , 000 

4/11 fir st 18 . 2 5 1 1 , 2 5 0  1 2 , 000 
second 1 9 . 2 5  1 5 , 7 5 0 3 , 000 

7/11 fir st 18 . 7 5  1 3 , 2 5 0  5 , 1 0 0  
second 2 0 . 00 2 0 , 000 2 , 000 

10/11 f ir st 1 9 . 5 0  17 , 000 6 , 7 00 6 , 600 1 00 4 
I-' 

second 1 9 . 50 17 , 000 5 , 500 4 , 7 00 8 0 0  2 I-' 
N 

/ . . . 



APPEND IX TWO ( contd ) 

BULL DATE EJACULATE ANTIBACTERIAL ACTIVITY MICROBIAL POPULATION 
NUMBER 

Inhibit ion LzU /crn 
3 

Total Count ( a )  
1 

(b)  
2 

( c )  
3 

Zone (mm ) e 

62 0 0  . . . 13/11 f irst 18 . 7 5  1 3 , 2 5 0  1 , 4 0 0  6 5 0  7 5 0  5 
second 1 9 . 2 5  1 5 , 7 5 0  2 , 1 00 1 , 900  200  3 

1 6/11 f ir st 1 9 . 7 5  18 , 2 5 0  7 9 , 00 0  7 2 , 000 7 , 0 00 4 
second 2 0 . 50 23 , 2 5 0  4 , 90 0  4 , 600 3 00 3 

1 9/11 f ir st 1 9 . 00 1 4 , 2 5 0  2 , 000 1 , 900 1 0 0  3 
sec ond 2 0 . 50 2 3 , 2 50 9 0  90 0 3 

2 2/11 f ir st 2 0 . 5 0  2 3 , 2 5 0  1 0 0  5 0  5 0  2 
second 1 9 . 50 17  , 000 3 5 , 000 1 6 , 000 1 9 , 000  4 

7 2 0 0  8/11 f ir st 18 . 2 5 1 1 , 2 5 0  1 7  , 000 
second 18 . 50 1 2 , 2 5 0  1 , 600 

1 4/11 f ir st 2 0 . 7 5  2 5 , 000 8 5 , 00 0  83 , 00 0  2 , 000  6 
second 2 0 . 7 5  2 5 , 000 4 , 50 0  2 , 5 00 2 , 00 0  3 

2 0/11 f ir st 21 . 2 5 2 9 , 00 0  3 , 2 0 0  2 , 5 0 0  7 0 0 4 
second 21 . 50 3 1 , 00 0  4 2 0  3 90 3 0  5 

7 2 05 2/11 f irst 2 0 . 2 5  21 , 5 00 1 , 60 0  
second 22 . 00 3 6 , 000 3 , 2 00 

1 1/11 f ir st 21 . 00 27 , 2 5 0  47 0 1'90 28 0 5 
second 21 . 7 5  3 3 , 5 00 260 240 2 0  4 

17/11 f ir st 21 . 2 5 2 9 , 000 1 , 600 1 , 5 00 1 0 0  6 
second 2 2 . 7 5 4 4 , 500 110 0 1 1 0  3 

8 4 4 2  14/11 f ir st 1 9 . 50 17 , 000 1 , 8 0 0  240  1 , 5 6 0  4 
second 2 0 . 50 23 , 2 5 0  28 , 000  27 , 900 1 00 6 

I-' 
I-' 
w 

7 2 6 1 1  1 9/11 f ir st 17 . 50 9 , 000 4 , 60 0  4 , 57 0  3 0  5 
second 1 6 . 5 0 6 , 4 0 0  1 , 3 0 0  7 00 600 3 

/ 



APPENDIX TWO ( contd ) 

BULL DATE EJACULATE ANTIBACTERIAL ACTIV ITY M ICROBIAL POPULATION 
NUMBER 

Inhibition LzU /cm 
3 

Total Count ( a )  
1 

(b )  
2 

( c ) 
3 

(rnrn ) e 
Zone 

7 2 611 . . 22/11 f ir st 17 . 7 5  9 , 600 77 0 5 3 0  2 4 0  3 
second 17 . 7 5 9 , 600 2 , 400 2 , 4 00 0 3 

66175 1 6/11 f ir st 21 . 5 0 3 1 , 000 3 2 0  8 2  238 3 
second 2 0 . 50  2 3 , 2 5 0  3 3 0  4 2  288 4 

FOOTNOTE 
1 

( a )  number of organisms resistant to the natural ant ibact er ial act ivity of bovine semen . 

2 
(b)  number of organism s  sensitive to the natural antibacterial activ ity of bovine semen . f-' 

3 f-' 
(c ) = number of d i ff erent microbial colony types in eac h sampl e .  tI-'> 



APPENDIX THREE 

CHARACTERI STICS USED TO I DENTIFY THE BACTERIA 
I SOLATED FROM BOVINE SEMEN 

115  

The se descriptions were compiled f rom data obtained using the media and 
techniques de scribed in CHAPTER 6 .  

( i )  Baci llus spp . These were aerobic , catalase posi tive (CHAPTER 6 . 2 b) ,  
Gram..-positive to Gram-variable (CHAPTER 6 . 2 j )rods occurring singly 
or in chains . They produced central , ovoid to cylindrical spores , 
which did not distend the vegetative cel ls to any great extent . 
Colonies on b lood agar medium (CHAPTER 6 . 1a )  after 24 hours at 3 7 ' C  
were usually 1 - 2mm in diameter , circular to irregular , flat� 
butyrous ,  grey green and opaque . One colony , however ,  was rough, 
feathery , and sunken into the agar . Seven of the nine strains were 
alpha - haemolytic . Two produc ed pel li cles on l iquid medium , 
(CHAPTER 6 . lb ,  lc , Id,  le , I f ) , while five grew with a c haracteristic 
floccular appearanc e .  

The Bacillus spp . were heterotrophic , with light to medium growth in 
Davis & Mingio li sa lts medium (CHAPTER 6 . 2f ) , but with no growth i n  
carbohydrate medium minus nitrogen compounds .  

( i i ) Corynebacterium spp . Species placed in this genus were all small , 
Gram-positive (CHAPTER 6 . 2 j ) ,  slightly curved rods , some of which were 

slightly swollen at one end . They often occurred in a pal i sade or 
chinese letter arrangement and tended to adhere together when removed 
from the co lony . Four of the isolates formed pun�tiform ,  flat , 
smooth, entire c olonies with on ly light growth in 2 4  hours on blood 
agar (CHAPTER 6 . la ) . These colonies showed butyrous to s lightly 
membranous ,  tran s lucent to offwhi te growth . The bac teria with this 
growth habit were nonmoti le (CHAP'I'ER 6 . 2n ) , cata lase positive (CHAPTER 
6 . 2b )  and produced acid f rom glucose but not from fructose , galactose , 
lactose , maltose or salicin (CHAPTER 6 . 2 c )  • The remaining four 
strains grew more readily on blood agar producing I - 2mm colonies in 
24 hours . The se colonies were circula r ,  convex , smooth and moist 
with a butyrous texture . The bac teria were alpha - haemolytic giving 
a grey green appearance �o colonies on blood agar plates . They also 
produced a strong odour . No acid or gas was produced from carbo
hydrate s ,  but peptone water was strongly degraded with the resultant 
production of ammonia (CHAPTER 6 . 1f ) . 

( i i i )  Micrococcus spp . These were Gram-posi tive (CHAPTER 6 . 2 j ) , catalase 
positive (CHAPTER 6 . 2b ) , cocc i ,  occurring singly , in pairs , in chains 
of three or four cells and in c lusters . They were nonmotile , 
(CHAPTER 6 . 2n)  coccal throughout thei r  growth and reproduced by binary 
fis sion . Growth in l iquid medium (CHAPTER 6 . 1b ,  Ie , ld, l e , If ) was 
of uniform turbidity and colonie s on blood agar (CHAPTER 6 . la )  were 
smooth , c ircular and flat to convex in shape . Two strains grew 
relatively s lowly at 3 7 ' C ,  producing s light ly punctiform colonies of 
less than or about lmm in diameter in 2 4  hours • .  Growth was opaque and 
butyrous , often with cream, yel low or orange pigmentation . All 
strains were able to grow on a defined medium with ammonium salts as 
the sole nitrogen source (CHAPTER 6 . 2 f ) . An oxidation- fermentation 
tube test (CHAPTER 6 . 2 i )  indicated that they produced acid from 
glucose fermentative ly . No acid was produced from f ructose , galactose , 
lactose ,  maltose or salicin (CHAPTER 6 . 2c ) . 



( iv )  Pseudomona s spp . These wer e motile (CHAPTER 6 . 2n) , Gram-
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negat ive (CHAP'I'ER 6.  2 j ) coccobac illi occurring singl y ,  in pairs 
and occasional ly in very short cha in s .  On blood agar plates 
( CHAPTER 6 . 1a ) , they produced .c ircular to irregular , smooth , 

convex colonies 1 - 2mm in diameter . These appeared moist and 
transluc ent to greyish white in colour , with a butyrou s texture . 
They all produced a green water- soluble pigment which became 
brownish on storage at 4 ' c .  Growth was aerobic , result ing in the 
slow product ion of ac id from gluqose (CHAPTER 6 . 2c )  or the 
ammonificat ion of peptone broth (CHAPTER 6 . 1 f ) . They were catalase 
pos itive (CHAPTER 6 . 2b) . 

(v)  Escherichia spp . Two isolates of motile (CHAPTER 6 . 2n) , Gram
negative (CHAPTER 6 . 2 j )  coccobac ill i ,  occurr ing singly ,  or in 
pairs and short cha ins ,,,ere c lassif ied as Escher ichia spp . They 

, produc ed offwhite , transluc ent , c ircular , low convex , smooth 
colonies on blood agar (CHAPTER 6 . 1a )  a fter 24 hour s at 3 7 ' c .  The 
growth wa s butyrous and had a d istinct faecal odour . Culture on 
MacConkey agar (CHAPTER 6 . 2 1 )  yielded pink colonie s ,  while t hat on 
Eos in Methyl ene Blue agar (CHAPTER 6 . 2g )  produc ed dark purple 
colon ies with darker c entr es and a metal l ic sheen . These bacter ia 
were catala se po sit ive (CHAPTER 6 . 2b) , and produced ac id and ga s 
from fructose , galac tose , glucose , lactose , and malto se (CHAPTER 
6 . 2c ) . They were Methyl Red po s it ive (CHAPTER 6 . 2m )  and Voges
Pro skauer negat ive (CHAPTER 6 . 2q) . 

(vi )  Aerobacter spp . The se were Gram-negative (CHAPTER6 . 2 j )  , catala se 
posit ive (CHAPTER 6 . 2b) , non mot ile (CHAPTER 6 . 2n)  stra ight rod s ,  
some o f  which occurred singly , some in pa irs o r  in short cha ins . 
They formed opaque , offwhite , c ircular , ra ised , smooth colonies with 
butyrous to muco id growth on blood agar (CHAPTER 6 . 1a ) , l ight pink 
colonies on MacConkey agar (CHAPTER 6 . 2 1 ) , and large pink mucoid 
c olonies on Eosin Methylene Blue agar (CHAPTER 6 . 2g ) . The bacter ia 
were Methyl Red negative (CHAPTER 6 . 2m) , and Voges-Pro skauer 
po sitive (CHAPTER 6 . 2q) . Growth wa s aerobic and heterotrophic , 
result ing in the format ion of ac id and ga s from fructose , galacto se , 
glucose and malto se . Lacto se wa s fermented slowly with only 
sl ight produc tion of ac id (CHAPTER 6 . 2c ) . 

(vi i )  Alcal igenes sp . These were small , fine , Gram-negat ive (CHAPTER 6 . 2j )  
rod s ,  occasionally occurr ing as filaments .  On blood agar plates 
(CHAPTER 6 . 1a )  they produc ed c ircular , flat to convex colonies , Imm 
in d iameter , with a smoot h ,  ent ire , glistening to transluc ent 
appearanc e .  Growth on MacConkey agar (CHAPTER 6 . 21 ) wa s colourle s s .  
The bacteria were catala se negat ive (CHAPTER 6 . 2b) , urea se negat ive 
(CHAPTER 6 . 2p ) , and abl e to grow in mineral salts  medium (CHAPTER 
6 .  2 f ) . 

(vii i )  Arthrobacter sp . This isolate showed a definite cyc l e  of growt h .  
In young peptone broth (CHAPTER 6 . 1 f )  cultur e , the cells  were smal l ,  
Gram-pos itive (CHAPTER 6 . 2 j )  cocc i ,  irregular rod s and a few 
filament s .  After 12 hour s ,  the predominant form wa s f ilamentou s ,  
with some rudimentary branc hing . Some of these filament s sta ined 
unevenl y with methyl ene blue , showing the beginn ing of fragmentat ion . 
After approx imat ely 48 hour s ,  the fragmentat ion of the hyphae wa s 
wel l  advanc ed , and soon after , coccoid forms predominated . These 
were often in chains , probably represent ing fragment ed hyphae . In 
fresh med ium , these c el l s  developed into the rod-like forms seen 
in early culture s .  Colonies on blood agar (ClffiPTER 6 . 1a )  wer e 
punctiform , flat to convex , rough and br ittle . Growth wa s very l ight 
in 24 hour s ,  with a dull white to orangy opaque appearanc e .  On 
nutrient ctgar (CHAPTER 6 . 1d )  at 3 0 ' C ,  the colonies wer e irr egular 
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raised , rough to rugo se , undulate to entire , and of opaque matt 
orange colouration . Growth in peptone broth (CHAPTER 6 . 1 f )  had a 
granular appearanc e .  with a pel l ic l e  on the surfac e .  The bacter ia 
were catalase po sitive (CHAPTER 6 . 2b) , aerobic , and produc ed ac id 
from fructo se in carbohydrate ut ilisation test s (CHAPTER 6 . 2c ) . No 
ac id or ga s was produc ed from lacto se . Litmus milk wa s darkened due 
to ammonification (CHAPTER 6 . 2k) . 

( ix )  Brevibacter ium Sp a These c el l s  were Gram-po sit ive (CHAPTER 6 . 2 j ) , 
short , pleomorphic rod s with some tend ency to c ha ins or rod-like 
forms with swollen end s .  There wa s some evid enc e of sl ime product ion . 
Culture on blood agar (CHAPTER 6 . 1a )  yield ed large ( 2mm or more ) ,  
yel low , c ircular , convex , smooth colonies with g l i stening sl ightly 
mucoid growth . In peptone-meat extract broth (CHAPTER 6 . 1 e ) , growth 
was of uniform turbid ity , often result ing in an increa sed pH , due 
to ammonificat ion . The bacter ia were a erobic , catalase po sitive 
(CHAPTER 6 . 2b) , oxidat ively produc ing ac id from g lucose ( CHAPTER 
6 . 2 i )  but not from fructo se . They were mot ile at 2 S ' C  (CHAPTER 6 . 2n) , 
non c ellulolyt ic (CHAPTER 6 . 2d ) , and hydrolysed gelatin (CHAPTER 
6 . 2h) . They d id not affect l itmu s milk (CHAPTER 6 . 2k) . 

(x ) Flavobacter ium Sp a These were Gram-negat ive (CHAPTER 6 . 2 j ) rod s 
with sl ightly taper ing end s , u sually occurr ing s ingly . The colonies 
on blood agar (CHAPTER 6 . 1a )  at 37 ' C  a fter 24 hours were smal l  ( not 
more than Imm in d iameter ) ,  c ircu lar , f lat , smooth,  ent ir e ,  opaque 
to tran sluc ent , and greyish yel low in colour . Growth in broth 
(CHAPTER 6 . 1b , lc , ld , le &I f )  wa s not uniforml y turbid , but appeared 
to be sl ightly f loccular . The bacteria were mot ile at 2 S ' C  (CHAPTER 
6 . 2n)  and catalase po sit ive (CHAPTER 6 . 2b) . 

(xi ) M icrobacter ium SP a These were Gram-var iabl e (CHAPTER 6 . 2 j ) , 
unevenly staining rod s ,  sl ightly curved and often in pa ir s or 
groups . They produced punc tiform , flat , smooth c olonies with 
butyrous of fwhite growth and l ess than Imm in d iameter after 24  
hour s on blood agar plates ( CHAPTER 6 . la )  at 37 ' C .  A yel low grey 
c olour appeared when the isolate wa s cu ltur ed on bra in heart 
infusion agar (CHAPTER 6 . 1b) . The bacter ia were non mot ile 
(CHAPTER 6 . 2n ) , and c atala se pos itive (CHAPTER 6 . 2b) . They produced 

ac id from glucose and fructose (CHAPTER 6 . 2c ) , and ammonia from 
peptone (CHAPTER 6 . 1 f ) . 

( x i i )  Nocardia Sp a This isolate produced punct iform, raised , rough to 
rugose colonies with dry ish br ittle growth on blood agar (CHAPTER 
6 . 1a )  plates . They descended well into the agar , and the older 
regions became of greyish white appearanc e .  When the organism wa s 
grown a s  a slide culture (CHAPTER 6 . 20 )  , it wa s found that this 
isolat e had a wel l developed mycel l ial stage , consisting of Gram
var iable (CHAPTER 6 . 2 j ) f ilament s with d i st inct branching in the 
young hypha e .  Both the aer ial and the substrate mycel l ia fragmented 
to produc e coccoid forms . No conid ia were produced from the aer ial 
hyphae by different iation . The bac ter ia were non ac id-fast (CHAPTER 
6 . 2a ) , a erobic and catalase po sitive (CHAPTER 6 . 2b ) . 

(xiii )  Proteu s Sp a These were very small Gram-negat ive (CHAPTER 6 . 2 j ) 
rod s , mo st of which occurred sing ly .  They formed irregular , effuse , 
undulate , transluc ent , glistening colonies often swarming across the 
blood agar (CHAPTER 6 . 1a )  plates.  The bacter ia were mot ile at 2S ' C  
and 3 7 ' c  (CHAPTER 6 . 2n) , urease posit ive (CHAPTER 6 . 2p) , produc ing 
ac id and gas from glucose , but no ac id or ga s from lactose (CHAPTER 
6 . 2c) . They were catalase positive (CHAPTER 6 . 2b) . 

(xiv )  Sarc ina SP a The isolate c la s sif ied a s  Sarc ina ( Brown et a l  1 974 ) , 
c onsisted of Gram-po sitive (CHAPTER 6 . 2 j ) , catalase pos it ive 
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(CHAPTER 6 . 2b) cocc i ,  occurr ing in a cubical packet arrangement . 
They produced c ircular , convex , matt colonies with an ent ire edge ,  
opaque yel low in colour with butyrou s  growth , 1 - 2mm in diameter 
a fter 24 hour s at 37 ' C  on blood agar (CHAPTER 6 . 1a )  plate s .  These 
bacteria were aerobic , produc ing ac id oxidatively from glucose 
(CHAPTER 6 . 2c ) . In the eighth ed it ion of Bergey ' s  Manual of 

Determinative Bacter iology ( 1 974 ) , the genus Sarc ina has been 
re stricted to anaerobic cocc i ,  and this isolat e is currently 
classif ied as Mic rococcus sp . 

(xv ) Staphylococcus sp . These bacteria were non motile (CHAPTER 6 . 2n) , 
Gram-po sitive (CHAPTER 6 . 2 j ) , catala se positive (CHAPTER 6 . 2b) cocc i 
occurring singly , in pair s ,  in chains and cluster s .  The colonies 
they produc ed on blood agar (CHAPTER 6 . 1a )  a fter 24 hour s at 37 ' c  
were c ircular , convex , smooth and entir e with butyrou s creamy growth 
approx imately lmm in d iqmeter . The organ isms were aerobic or 

· ·faculatative anaerobe s able to produc e ac id but not gas from 
glucose by fermentation (CHAPTER 6 . 2 i ) . They were unable to utilise 
ammonium salts as their sole nitrogen source (CHAPTER 6 . 2 f ) . 

In addition to the barter ia descr ibed above , two i solates were 
identified as Herellea spp . , by Dr B . D . W .  Jarvis , Department of Mic ro
biology and Genetic s , Massey Univer sit y ,  Palmerston North , New Z ealand . 

The remaining two i solates were yea st s ,  which were subsequently 
ident if ied as Rhodotorula rubra and Candida gu ill iermond i i  . These 
identifications were mad e by Dr M .  Baxter of the same department . 

FOOTNOTE : 
1 

Currently classified as Ac inetobacter , ( Bergey 1 97 4  ) 



APPENDIX FOUR 

THE RES ISTANCE OF SEMEN MICROORGANI SMS TO C OMMERCIAL ANTIBIOTICS 
AND TO THE INHIBITORY ACTIVITY OF BOVINE SEMINAL PLASMA . 

BACTERIUM
1 

NUMBER OF STRAINS RES ISTANT TO : 

SP
2 

(A) 
3 

( B )
4 

(C ) 5 ( D )  
6 

BAC CYC PEN RIS COL POL NYS CHL ERY KAN SM TET SUL 

Aerobact er ( 2  ) 0 2 1 2 2 0 0 2 0 2 0 0 ,  0 2 
Alcal igenes ( 1 )  1 1 1 1 1 0 0 1 0 0 0 0 0 1 
Arthrobac ter ( 1 )  0 0 0 0 0 1 1 1 0 0 0 0 0 1 
Bac illus ( 9 )  2 2 4 3 0 1 1 8 0 0 1 0 0 4 
Cand ida ( 1 )  1 1 1 1 1 1 1 0 1 1 1 1 1 1 
Corynebacter ium (7 ) 3 2 6 3 3 3 2 7 0 3 1 0 0 4 
Escher ichia ( 2  ) 0 2 1 2 2 0 0 2 0 2 0 1 1 2 
Mic robacter ium ( 1 )  0 0 1 0 0 0 1 1 0 0 0 0 0 1 
Micrococcus ( 6 )  0 0 4 1 0 1 1 6 0 0 0 1 2 3 
Nocard ia ( 1 )  0 0 1 1 0 0 0 1 0 0 0 0 0 1 
Proteus ( 1  ) 1 1 1 1 1 I '  1 1 0 1 0 0 0 1 
Ps eudomona s ( 4  ) 4 4 4 4 4 0 0 3 4 4 2 0 4 4 
Rhodotorula ( 1 )  1 1 1 1 1 1 0 0 1 1 1 1 1 1 
Sarc ina * ( 1 )  0 0 1 0 0 0 0 1 0 0 0 0 0 1 
Staphylococcu s  ( 1 )  1 0 0 0 0 0 1 1 0 0 0 0 0 1 

1 
FOOTNOTES :  number of strains t e st ed in parentheses . 

* 

2 
currently classif ied a s  M icrococcus ( Bergey 1 97 4  } .  

3 
SP bovine seminal p la sma . 

(A) ant ibiotic s affec ting c ell wal l  synthe sis ; BAC= bac itrac in , CYC= c yc loserine , PEN= penic illin , 
RIS= ri stoc etin . 
ant ibiotic s affec t ing c ell membrane i nt egr ity ; COL= col ist in sulphate , POL= polymyxin , 
NYS= nystatin . 
antibiot ic s affecting protein syn'thesis ; CHL= c hloramphenicol , ERY= erythromyc in , KAN= kanamyc in , 
SM= streptomyc in , TET= tetracyc l ine . 
metabolic analogue ant ibiotic ; SUL= sul fafurazole . 



APPENDIX F IVE 

SENSITIVITY OF A VARIETY OF BACTERIA TO BOVINE SEMINAL PLASMA , 
HUMAN SEMINAL PLASMA , LYSOZYME , POLYLYS INE , SALMINE AND SPERMID INE . 

ZONE D IAMETER (mm) IN RESPONSE TO : 
GRAM POSIT IVE BACTERIA Bov ine Human Lysozyme Polylys ine 

Seminal Semina l  
Plasma . Pla sma 

Arthrobacter globiformis  2 5 . 00 2 4 . 00 2 9 . 00 3 0 . 5 0 
Bac illu s c ereus 1 5 . 00 1 0 . 5 0  2 0 . 50 2 0 . 5 0  
Bacillu s  l ic heniformi s  1 2 . 50 0 21 . 00 2 1 . 2 5  
Bac il lus megat er ium 1 2 . 00 0 0 1 6 . 7 5  
Bac illus megater ium ( a spor ing ) 2 1 . 00 2 5 . 00 21 . 00 24 . 00 
Bac illus mycoides 1 3 . 0 0 0 0 1 9 . 00 
Bac illus myco ides 1 2 . 50  0 1 0 . 50 21 . 00 
Bac illus stearothermophilus 1 5 . 00 1 0 . 7 5  2 0 . 50  1 9 . 50  
Bac illus subt i l is 1 2 . 00 0 0 16 . 5 0  
Corynebacter ium d iphtheriae v . grav i s  1 4 . 5 0  0 0 18 . 00 
Corynebact er ium d iphther i?l.e 1 3 . 5 0 0 0 2 2 . 5 0  

v . intermed ius 
Corynebacter ium d iphther iae v . m it i s  1 5 . 00 0 0 21 . 7 5  
Corynebac ter ium hofmanni 1 8 . 5 0 0 0 2 6 . 2 5  
Corynebacterium pyogenes* 1 1 . 00 26 . 5 0 1 5 . 5 0 1 3 . 2 5  
Corynebacter ium xero sis* 1 8 . 00 0 1 1 . 50 2 4 . 5 0  
Lactobac illus bulgar icus* 0 0 0 2 0 . 5 0  
Lactobac illus bulgar icus* 1 7 . 50 1 6 . 5 0  2 3 . 50 1 6 . 2 5  
Lactobac i l lu s  casei* 0 13 . 5 0 0 28 . 00 
Lactobac illus casei v . alactosus* 1 2 . 50 14 . 00 0 1 9 . 5 0  
Lac tobacillus case i  v . rhamnosus* 1 1 .  7 5  0 1 1 .  00 18 . 5 0 
Lactobac illus  plantarum* 1 3 . 50 18 . 5 0 1 3 . 00 1 6 . 00 
Leuconostoc c itrovorum* 1 0 . 5 0 1 6 . 50  0 1 9 . 5 0  
Leucono stoc me senteroid es* 1 2 . 00 1 1 . 00 1 6 . 00 23 . 0 0  
Micrococcus luteus 2 2 . 00 21 . 7 5  37 . 00 28 . 00 
Micrococcus 1ysod eikt icus 2 0 . 5 0  18 . 2 5 2 9 . 50 28 . 5 0 
M icrococcus l y sode ikticus* 2 1 . 00 21 . 00 3 2 . 50 24 . 2 5 
Micrococcu s l ysodeikt icus# 1 8 . 00 1 9 . 00 28 . 00 2 6 . 7 5  

Salmine Spermid ine 

27 . 00 3 2 . 50 
17 . 50 1 6 . 50 
18 . 7 5 0 
1 5 . 5 0  0 
18 . 5 0 2 6 . 5 0 · 
1 6 . 5 0  0 
18 . 00 1 6 . 5 0  
17 . 00 0 
1 5 . 5 0  0 
17 . 5 0 0 
21 . 00 18 . 00 

1 9 . 0 0  0 
23 . 00 18 . 00 
1 2 . 00 2 9 . 00 
2 3 . 50 2 9 . 5 0  
1 8 . 00 3 1 . 00 
1 5 . 50 1 3 . 00 
2 4 . 00 0 
1 6 . 50  0 
1 6 . 5 0  0 
14 . 2 5 0 
1 6 . 7 5  2 6 . 5 0  
1 9 . 2 5  0 
2 5 . 00 14 . �0 ..... 

N 
2 3 . 00 1 1 . 00 0 

2 2 . 5 0 2 9 . 00 
2 3 . 2 5 0 

/ . . . 



APPENDIX F IVE ( contd ) 

GRAM POS IT IVE BACTERIA ZONE D IAMETER {rom) IN RESPONSE TO : 
Bovine Human Lysoz yme Po1y1 y s ine Salmine Spermid ine 
Seminal Semina l  
Plasma Plasma 

Mycobac t er ium ph1ei* 1 0 . 50 1 9 . 00 27 . 7 5  2 6 . 00 2 5 . 00 28 . 2 5 
Nocardia a st eroides 0 0 0 0 1 9 . 5 0  0 
Sarc ina 1utea 1 5 . 7 5  1 6 . 7 5  2 6 . 7 5  1 9 . 5 0  1 9 . 2 5  28 . 5 0 
S taphylococcu s  aur eus 1 1 . 2 5 12 . 5 0 0 17 . 7 5  14 . 5 0 2 3 . 0 0  
Staphylococ cus aureus 1 4 . 00 13 . 00 0 17 . 5 0 1 5 . 00 23 . 5 0  
Staphylococcus aureus 1 2 . 0 0 0 0 17 . 00 1 5 . 2 5 0 
Staphylococcus aureus 1 1 . 00 0 0 17 . 5 0 1 5 . 5 0 2 6 . 0 0  
Staphylococ cus aur eu s 1 3 . 0 0 1 5 . 00 0 18 . 00 1 5 . 00 0 
Staphylococcu s aureus 0 10 . 5 0 0 1 7 . 00 1 3 . 50  17 . 5 0 
Staphylococ cus aureu s 1 1 . 00 14 . 00 0 1 6. 5 0  14 . 7 5  2 0 . 5 0  
Staphylococcus aureu s 1 2 . 00 13 . 2 5 0 17 . 00 1 5 . 00 21 . 7 5  
Staphylococcus epidermid i s  1 2 . 50  1 8 . 5 0  0 18 . 7 5  1 6 . 7 5  2 5 . 00 
Staphylococcus epidermid i s  1 0 . 7 5  0 18 . 00 21 . 5 0  17 . 50 0 
Staphylococcus epidermid i s  1 2 . 00 14 . 0 0 0 18 . 5 0 1 5 . 2 5  2 6 . 00 
Streptococ cus cremor is* 3 6 . 00 2 6 . 00 0 0 0 0 
Streptococcus equi* 1 2 . 00 0 0 2 2 . 00 18 . 00 3 2 . 00 
Streptococcus faeca1 i s  1 3 . 00 0 2 3 . 50  14 . 5 0 1 3 . 5 0 0 
Streptococ cus faeca1is* 0 1 0 . 5 0  0 18 . 2 5 17 . 50 11 . 00 
Str eptoc occu s faecal i s *  0 1 0 . 50  0 17 . 00 14 . 7 5  0 
Streptococcus l act i s* 2 6 . 7 5  2 2 . 00 0 0 0 0 
Str eptococcus mit is*  0 0 1 1 . 00 1 4 . 5 0  1 5 . 5 0  0 
Streptococ cus mit i s *  1 1 .  5 0  11 . 0 0  0 17 . 00 1 5 . 2 5 1 1 .  7 5  
StreEtococcus mutens* 0 0 0 1 5 . 5 0  14 . 7 5  0 
Streptococcus pneumoniCl-e 0 0 1 2 . 50 1 9 . 50  17 . 00 0 
Streptococcus pyogenes* 1 4 . 50 1 2 . 50  0 1 3 . 0 0  1 6 . 5 0  1 1 . 5 0  
Streptococcus sal ivaris*  1 9 . 50 15 . 2 5 1 6 . 00 18 . 7 5  18 . 5 0 4 2 . 00 
Streptomyc e s  sp . 2 1 . 00 1 3 . 00 2 4 . 50 3 0 . 00 2 2 . 5 0  1 2 . 50 

.... 
GRAM NEGATIVE BACTERIA N 

.... 

Ac etobacter sp . 1 1 . 00 11 . 00 0 17 . 50 1 4 . 50 0 
C itrobac ter freund i i  1 4 . 50 0 0 1 5 . 0 0  1 2 . 50 0 

/ . . . 



APPENDIX F IVE ( contd ) 

GRAM NEGATIVE BACTERIA Z ONE D IAMETER (rnm) IN RESPONSE TO : 
Bovine Human Lysozyme Po1y1 y s ine Salmine Spermid ine 
Seminal Seminal 
Plasma Pla sma 

Enterobacter c loacae 1 2 . 00 0 0 0 1 1 . 50  0 
Escher ic hia col i ¢ PI 1 6 . 7 5  14 . 00 1 5 . 00 1 6 . 7 5  1 5 . 7 5  0 . Escherichia c o l i  B 1 7 . 00 11 . 50  0 17 . 5 0 1 6 . 00 0 
E sc her ic hia coli  B 1 5 . 5 0 15 . 5 0 1 4 . 50 17 . 00 1 4 . 5 0  0 
E sc her ichia c o l i  B 1 5 . 50 12 . 2 5 14 . 7 5 1 6 . 00 14 . 5 0 0 
E sc her ichia c o l i  B 1 7 . 00 15 . 00 1 5 . 2 5  1 6 . 00 1 5 . 00 0 
E scherichia c o l i  C 1 8 . 5 0 14 . 5 0 1 5 . 00 17 . 00 1 5 . 00 0 
Escherichia col i K 1 2  1 6 . 00 14 . 5 0 0 17 . 2 5 1 4 . 7 5 0 
E scherichia coli  W 1 5 . 7 5  13 . 5 0 0 17 . 00 1 5 . 00 0 
Escherichia d i spar 1 5 . 00 17 . 5 0 0 17 . 00 1 4 . 2 5 .0 
Haemophilus sp . #  1 1 . 50 12 . 5 0 1 9 . 50 23 . 00 2 0 . 50  18 . 00 
Klebsiella sp . 1 3 . 00 0 0 11 . 50 1 3 . 00 0 
Kl ebsiella aerogenes 1 2 . 0 0 0 0 0 1 2 . 00 0 
Kl ebs iel la edward sii v.  edwardsii  1 6 . 00 0 0 18 . 00 1 6 . 5 0  0 
Neisser ia f1avescens* 3 2 . 00 3 4 . 50  2 4 . 00 2 2 . 00 2 1 . 00 4 8 . 00 
Neisser ia gonorrhoea * 1 1 . 50 26 . 7 5  17 . 50 14 . 2 5 14 . 2 5 38 . 00 
Neisseria men ingitid is* 1 6 . 50 25 . 00 14 . 50 1 3 . 5 0  1 6 . 50  3 5 . 00 
Pa steurella haemo1yt ica* 1 2 . 00 1 2 . 5 0  0 2 1 . 5 0  1 9 . 50 2 6 . 50  
Proteus mirabilis  0 0 0 1 3 . 2 5 1 2 . 00 0 
Prot eus morganii 0 0 0 0 1 3 . 5 0  0 
Proteus rettger i 0 0 0 0 1 1 .  50  0 
Proteus vulgar is 0 0 1 2 . 00 1 2 . 00 11 . 00 0 
Proteus vulgar i s  0 0 1 3 . 00 1 2 . 2 5 1 3 . 50  0 
Providenc e sp . 0 0 0 18 . 00 1 5 . 00 0 
P seudomona s aerug ino sa 0 0 0 17 . 00 14 . 7 5  0 
P seudomona s fluorescens 17 . 2 5 0 1 1 . 00 21 . 00 17 . 2 5 0 
Salmonel la a r izonae 1 4 . 00 0 0 1 6 . 00 1 5 . 00 0 
Salmonel la c ho1 erae sui s  1 4 . 5 0 13 . 5 0 0 18 . 00 1 6 . 5 0  0 

f-' 
Salmonel la gal1 inarum 1 7 . 0 0 0 0 1 9 . 50  1 6 . 50  0 N 

N 
Salmonella newington 1 2 . 7 5 0 0 1 3 . 0 0  1 3 . 7 5  0 
Salmonella typhimur ium 1 3 . 00 0 0 14 . 00 1 3 . 5 0  0 

/ . . . 



APPEND IX 

GRAM NEGATIVE BACTERIA 
Bovine Human 
Seminal Semina l 
pla sma plasma 

Salmonella typhimur ium 13  . 2 5 1 2 . 00 
Serrat ia marce scens 1 3 . 5 0 0 
Shigel la flexner i 1 6 . 5 0  18 . 2 5 
Shigella sonnei 1 6 . 5 0  17 . 2 5 
V ibrio anguil larum* 1 4 . 7 5  11 . 7 5  

FOOTNOTES : * med ium supplemented with 1 0 %  s erum . 
# med ium suppl ement ed with haemin and NADH . 

F IVE ( contd ) 

Z ONE D IAMETER (nun) 
Lysozyme 

0 
0 

1 1 . 5 0  
14 . 00 
1 9 . 0 0  

IN RESPONSE TO : 
Polylysine 

14 . 00 
1 1 . 00 
18 . 2 5 
17 . 50 
18 . 5 0 

Salmine 

1 3 . 7 5  
1 1 . 50 
15 . 7 5  
14 . 7 5  
1 6 . 2 5  

Spermid ine 

0 
0 

28 . 00 
a 

1 6 . 50 

I-' 
I\) 
w 
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