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Abstract  

ackground: Staphylococcus aureus is a ubiquitous bacterium that is generating 

increasingly bad press coverage due to its propensity to adopt a pathogenic lifestyle in 

hospital and community settings. S. aureus colonies are found in approximately 30% 

of the general population. It colonizes the skin readily and can lead to a wide range of 

pathological conditions from skin lesions to osteomyelitis, endocarditis, and septicemia.   

Many bacteria produce substances that are cytolysins i.e they dissolve red blood cells 

(hemolysins) or kill tissue cells or leukocytes (leukocidins). The β-toxin degrades 

sphingomyelin and therefore is toxic for many kinds of cells, including human red blood 

cells. Hemolysins were extracted and the optimum conditions for their production were 

extensively studied including optimum pH, temperature, incubation period, and various 

manipulations of the culture media. 

Objectives 

1-Extraction of hemolysin from a local isolate of S. aureus. 

2-Studying the effects of pH and temperature on hemolysin production. 

Methods: Bacterial samples were identified by subjecting them to the standard laboratory 

procedures while semi quantitative screening on blood agar (containing 5% human blood) 

revealed that all isolates were hemolysin producer but in different efficiencies. Determination 

of the optimal conditions for hemolysin production including the optimum pH and 

temperature were also performed. 

Results: Bacterial samples were identified by subjecting them to the standard laboratory 

procedures and the results showed that forty isolates out of the total of 100 were identified as 

Staphylococcus aureus. Semi quantitative screening on blood agar (containing 5% human 

blood) revealed that all isolates were hemolysin producer but in different efficiencies. 

Depending on the semi-quantitative screening and hemolytic assays isolate SW-14 of 

Staphylococcus aureus was the higher hemolysin producing isolate. Determination of the 

optimal conditions for hemolysin production including the optimum pH and temperature 

were performed, the results demonstrated that the best hemolysin production was in the pH 

near neutrality (pH 7-7.5) and in temperature of 35-40
o
C. 

Conclusions 

1. Conventional methods can be performed to extract hemolysins. 

2. Hemolysin was maximally produced when the pH was near neutrality and incubation 

temperature was 37
o
C and this conclusion indicates that hemolysin was produced when the 

conditions were similar to that of the host. 

Key words: Hemolysin, semi-quatitative screening, pH, temperature 

 الخلاصه

ْخًبو يخضاٌذ ٔرنك لايشاضٍخٓب حعخبش بكخشٌب انًكٕساث انعُمٕدٌّ يٍ إَاع انبكخشٌب انشبئعت الاَخشبس ٔححضً بب موطنه:

انًعشٔفّ  فً  انبٍئّ الاعخٍبدٌّ ٔفً اخٕاء انًسخشفٍبث. حٕخذ انًٍٓلاٌسٍُبث ٔانسًٕو انًحههّ لإَاع انخلاٌب فً إَاع 
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ٍت يخخهفّ يٍ انكبئُبث انحٍّ. حًخبص ْزِ انسًٕو )الاَضًٌبث( ٔظٍفٍب بمببهٍخٓب عهى ححهم خلاٌب انذو انحًشاء ٔاسحببطٓب بخبط

انضشأِ نهعذٌذ يٍ انكبئُبث انحٍّ. ٌمٕو انًٍٕٓلاٌسٍٍ يٍ َٕع بٍخب بخحطٍى انسفُكٕيبٌهٍٍ نزنك ٌخعبش سبيب نهعذٌذ يٍ إَاع 

اسخخلاص ٔدساست حبثٍش انشلى انٍٓذسٔخًٍُ ٔدسخت انحشاسِ عهى اَخبج انًٍٕٓلاٌسٍٍ  انخلاٌب بضًُٓب خلاٌب انذو انحًشاء

 مٍت انًكٕساث انعُمٕدٌّ انزْبٍّحُ يٍ عضنّ يحهٍّ يٍ بكخشٌب

 الهدف : 
 اسخخلاص اَضٌى انًٍٕٓلاٌسٍٍ انًُخح يٍ عضنّ يحهٍّ يٍ بكخشٌب انًكٕساث انعُمٕدٌّ انزْبٍّ. -1

 انحشاسِ عهى اَخبج انًٍٕٓلاٌسٍٍ.دساست حبثٍش انشلى انٍٓذسٔخًٍُ ٔدسخت  -2

سى )إنخٓبببث انًدبسي انبٕنٍت, اندشٔذ, يسحبث يٍ عٍُت يٍ يُبطك ٔآفبث يخخهفت يٍ اند 100خًعج  طريقة العمل :

الأرٌ...إنخ( يٍ انًشضى انشالذٌٍ ٔانًخشددٌٍ إنى يسخشفى انكبظًٍت انخعهًًٍ فً بغذاد ٔيٍ كلا اندُسٍٍ نهفخشة يٍ 

شبّ نعضل ٔحشخٍض بكخشٌب انًكٕساث انعُمٕدٌت انزْبٍت. أسخخذيج طشٌمت انغشبهت  2011ٔحخى آراس/ 2010حششٌٍ انثبًَ/

% دو بششي( نخمٍٍى لببهٍت انعضلاث عهى اَخبج انًٍٕٓلاٌسٍٍ ٔ حى ححذٌذ انظشٔف 5انكًٍت عهى أكبس انذو )انحبٔي عهى 

  ( ٔانحشاسة انًثلأحٍٍ.pHانًثهى لإَخبج انًٍٕٓلاٌسٍٍ ٔانًخضًُت نكم يٍ انشلى انٍٓذسٔخًٍُ )

 100عضنت يٍ يدًٕع  40ٌت انمٍبسٍت ٔلذ بٍُج انُخبئح بأٌ شخظج انعٍُبث انبكخٍشٌت بًعبيهخٓب ببنطشق انًخخبش النتائج

يٍ انعضلاث لذ شخظج بأَٓب بكخشٌب انًكٕساث انعُمٕدٌت انزْبٍت.  أظٓشث َخبئح انغشبهت شبّ انكًٍت عهى أكبس انذو 

انغشبهت شبّ  % دو بششي( بأٌ كم انعضلاث كبَج يُخدت نهًٍٕٓلاٌسٍٍ ٔنكٍ بذسخبث يخفبٔحت. إعخًبداً عهى5)انحبٔي عهى 

َْخخُِبجَْ ٔسشحج نعضل ٔحُمٍت  SW-14انكًٍت ٔانفحٕص انخحههٍت كبَج انعضنت  ًْ الأكثش إَخبخبً نهًٍٕٓلاٌسٍٍ ٔنزنك فمذ أُ

-7بٍٍ  ٔحٕطٍف انًٍٕٓلاٌسٍٍ. أظٓشث انُخبئح بأٌ أفضم إَخبج نهًٍٕٓلاٌسٍٍ كبٌ فً دسخت حًٕضت يخعبدنت حشأحج

 40-35ٔدسخت حشاسة يببٍٍ  7.5
0

 و.

 الاستنتاجات:

 ايكبٍَت اسخلاص انًٍٕٓلاٌسٍٍ ببنطشق انخمهٍذٌّ.-1

 37اٌ افضم انظشٔف لاَخبج انًٍٕٓلاٌسٍٍ حكٌٕ عُذ انشلى انٍٓذسٔخًٍُ انًخعبدل ٔدسخّ حشاسة انحضٍ الاعخٍبدٌّ ) -2

نّ فً ضشٔف يًبثهّ نًب عهٍّ  يئٌّٕ( يًب ٌذل عهى اًٍْت ْزا الاَضٌى كبحذ عٕايم ضشأة انبكخشٌب ٔانزي ٌخى اعهى اَخبج

 الايش داخم انًضٍف.

Introduction 

Staphylococcus aureus is a ubiquitous 

bacterium generating increasingly bad 

press coverage due to its propensity to 

adopt a pathogenic lifestyle in hospital and 

community   settings 
(1)

.Hemolysins are 

cytolytic toxins found in a broad diversity 

of organisms. They are functionally 

defined by their ability to lyse erythrocytes 

and have often been associated with 

virulence for a variety of pathogenic 

microorganisms 
(2)

. The β-toxin (β-

hemolysin) degrades sphingomyelin and 

therefore is toxic for many kinds of cells, 

including human red blood cells 
(3)

. 

Material and method 

This study included a total of 100 samples 

which were collected from different body 

sites and lesions (UTI, wounds, and ear 

swabs...etc.) of in and out patients from 

both sexes who attended Al-Kadhumyia 

teaching Hospital in Baghdad during the 

period from November-2010 until March-

2011. All specimens were immediately 

streaked onto Nutrient Agar (NA), 

MacConkey (MA) & Blood Agar (BA) 

and incubated at 37˚C for 24hours. The 

resulted growing colonies were Gram 

stained and were inoculated again onto 

Mannitol Salt Agar (MSA)this medium 

was used for the identification of 

pathogenic staphylococci, and the bacteria 

were identified according to the laboratory 

standard techniques relying on 

biochemical tests and identification was 

verified using API test. Semi-quantitative 

screening for Haemolysin production was 

performed by streaking blood agar 

medium with bacterial isolate and 

incubation at 37
o
C for 24-48 hrs.  

Hemolysin assay: Hemolysin was assayed 

by two methods, the first was performed 

according to the method applied by Al-

Karkhi 
(4)

, and it was done by using micro-

t iteration plates and the hemolytic Unit 

(HU)/ ml was defined as reciprocal of the 

highest titer giving hemolysis × 10. The 

second method used to Estimate hemolysin 

activity was that of Namdari & Bottone 
(5)
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and hemolysin activity was reflected as the 

amount of hemoglobin produced and 

detected spectrophotometrically at 540 nm. 

The method of Biuret was applied to 

estimate the protein concentration 
(6,7)

.  

Determination of the optimum pH and 

temperaturefor hemolysin production 

         The optimum pH for hemolysin 

production was determined by preparing 9 

screw cup universals with 10 ml of brain 

heart infusion broth (BHIB) inside each, 

with different pH 5-9. The universals were 

inoculated from the chosen Staphylococcus 

aureus isolate (SW-14) and incubated at 

37
o
C for 24 hours. For the determination 

of the optimum temperature for hemolysin 

production, BHIBwas inoculated with the 

hemolysin producing isolate (SW-14) and 

was incubated with different degrees of 

temperature (25, 30, 35, 40, 45, and 50
o
C) 

for 24 hours. 

Results 

The results showed that only 40 specimens 

were identified as S. aureus, reflecting a 

total percentage of 40%. Table 1 shows the 

ranking of S. aureus identified to be the 

causative agents of each type of the 

infections mentioned in the same table.  

 

Table 1: Shows the ranking (frequency) of Staphylococcus aureus and the percentage of each 

infection from a total of 40 cases. 

Specimens Frequency Percentage  

wounds(Swabs) 15 37.5% 

Ear swabs    5 12.5% 

Sputum 8 20% 

Urine samples  4 10% 

Urethral discharge     2 5% 

Vaginal swabs    1 2.5% 

Blood samples     5 12.5% 

Total (40) 40 100% 

 

Identification was confirmed by API Staph identification kits and only 40 isolates were 

identified as S. aureus and selected for this study (table 2). 

 

Table 2: The biochemical &API Staph system tests performed throughout the study. 

Reaction Result 

Catalase                                                                                                   + 

Haemolysis + 

Coagulase + 

Mannitol + 

Immune MASTASTAPH kit 

(slideagglutination test) 

+ 

API Staph system + 

                                          + = Positive reaction   

 

Estimating the ability of Staphylococcus aureus to produce hemolysin. 

1. Semi-quantitative screening. 
         The results demonstrated the appearance of clear zones of hemolysis after the end of 

incubation period around the growing colonies with different diameters (table 3).   
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Table 3: Hemolytic zone diameters of hemolysin produced by the local isolates of 

Staphylococcus aureus grown on blood agar after 24 hours of incubation at 37
o
C. 

No. of isolate & its symbol Diameters of hemolytic zones (mm) 

SW-1 14 

SW-2 10 

SW-3 5 

SW-4 9 

SW-5 10 

SW-6 13 

SW-7 9 

SW-8 11 

SW-9 12 

SW-10 10 

SW-11 8 

SW-12 10 

SW-13 12 

SW-14 15 

SW-15 8 

SW-16 10 

SW-17 11.5 

SW-18 7 

SW-19 13 

SW-20 10.5 

SW-21 5 

SW-22 3 

SW-23 10 

SW-24 9 

SW-25 6 

SW-26 11 

SW-27 13 

SW-28 12 

SW-29 13 

SW-30 10 

SW-31 9 

SW-32 7 

SW-33 13 

SW-34 11 

SW-35 14 

SW-36 10 

SW-37 8 

SW-38 12 

SW-39 14 

SW-40 12 

 

 

2. Hemolysin assay. 

         Bacterial isolates were examined for their ability to produce hemolysin. The results 

showed that the highest titer of extract that caused hemolysis in HRBCs within the 
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microtiteration plate was 1/32, and the hemolytic unit for each ml of the extract was 320 U/ 

ml (figure 1). 

 

 
        1/2                1/4               1/8                1/16           1/32             1/64           1/128              

Figure 1: The titer of hemolysin on the microtiteration plate demonstrates the highest titer of 

the extract that cause hemolysis in HRBCs. 

 

The activity of hemolysin produced by the 

local isolates enrolled in the current study 

was also determined as for the isolate No. 

14 (table 4).  

3. Selection of the highest hemolysin 

producing local isolate of Staphylococcus 

aureus. 

         Among the fourty identified 

pathogenic local isolates of S. aureus the 

highest hemolysin producing isolate was 

selected depending on the semi-

quantitative screening (table 4) and 

hemolytic assay (table 4) which was the 

isolate SW-14 demonstrating the highest 

hemolysin activity (320 U/ml) as 

compared to the rest of the isolates.  

Determining the optimum pH and 

temperature for hemolysin production. 

1. Optimum pH for hemolysin 

production. 
         The results indicated that hemolysin 

production was maximal at pH near 

neutrality (pH 7) as indicated by an 

enzyme activity of 3905 U/ml and it was 

also clear that hemolysin production was 

significantly reduced as the pH of the 

medium shifted gradually towards acidity 

or alkalinity (figure2).  

2. Optimum temperature for hemolysin 

production. 

         The results in figure 3 showed 

increasing hemolysin production when 

temperature of incubation ranged between 

35
o
C - 40

o
C (3920 and 3732 respectively) 

which is the ordinary temperature of 

incubation suitable for almost all types of 

microorganisms while hemolysin activity 

decreased as far as the incubation 

temperature scheduled to change from 

normal degrees towards increased or 

decreased temperatures of incubation 

(figure3). 

Discussion 

Staphylococci remain among the most 

important pathogens isolated in the clinical 

microbiology laboratory 
(8)

. S. aureuswas 

superabundant and easy to collect from 

different body sites and lesions because of 

the following reasons: its a leading cause 

of hospital-acquired infections and it is the 

primary cause of lower respiratory tract 

infections and surgical site infections 
(9,10)

 

and the second leading cause of 

nosocomial bacteremia 
(11) 

; infections with 

S. aureusare especially difficult to treat 

because of evolved resistance to 

antimicrobial drugs 
(12)

.  
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Table 4: The activity of hemolysin produced by the local isolates of Staphylococcus aureus 

using the hemolysin assay on the micro-titration plate. 

No. of isolate & its symbol Activity (U/ml) 

SW-1 320 

SW-2 160 

SW-3 40 

SW-4 80 

SW-5 160 

SW-6 160 

SW-7 80 

SW-8 160 

SW-9 160 

SW-10 40 

SW-11 40 

SW-12 80 

SW-13 160 

SW-14 320 

SW-15 160 

SW-16 160 

SW-17 160 

SW-18 80 

SW-19 160 

SW-20 160 

SW-21 40 

SW-22 40 

SW-23 80 

SW-24 160 

SW-25 40 

SW-26 80 

SW-27 160 

SW-28 160 

SW-29 160 

SW-30 160 

SW-31 160 

SW-32 40 

SW-33 160 

SW-34 160 

SW-35 160 

SW-36 160 

SW-37 80 

SW-38 160 

SW-39 320 

SW-40 12 
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Figure2: Effect of the pH on production of the hemolysin from the local isolate of 

Staphylococcus aureus (SW-14). 

 

 
Figure3: Effect of the temperature on the production of the hemolysin from the local isolate 

of Staphylococcus aureus (SW-14). 

 

         In this study, data presented in table 

1 showed that the percentage of S. aureus 

was 40%.  Similar results revealed nearly 

close percentages of infection with S. 

aureus 27.6% to 67.3% as for that of the 

current study indicating that this bacterium 

was a dominant pathogen 
(13)

. While the 

study of Chen et al., 
(14)

 demonstrated a 

percentage of 58.5%. In the present study 

wound infections caused by S. aureus was 

the dominant and represented 37.5% and 

this result was very close to the result of 

Chen et al., 
(14)

 who recorded 41.2%, 

whereas a clear disagreement to the results 

of the present study reported by 

Konvalinka et al., 
(15)

who demonstrated a 

percentage of 13.5%. In this study, S. 

aureuswas isolated from 20%of sputum 

samples and this result is similar to the 

21.8% found by Akortha et al., 
(16)

 whereas 

a marked discording to the results of other 

researchers 3.8% 
(17, 18)

 and 83% 
(19)

 was 

observed. 

         Many studies had reported an 

increase in the incidence of hospital 

acquired S. aureus ear infections, and a 

percentage of 37.5% was reported by Kao 

& Shiao, 
(20)

 and 34.7% by Suh et al., 
(21)
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respectively, while Hwang et al., 
(22)

 gave 

12.2% for ear infection caused by S. 

aureus. In our study we showed that the 

percentage of S. aureus ears infection was 

12.5%, similar to many other studies and 

contradicting others, the results of the 

current study indicated an increasing 

problem of community acquired S. aureus 

infections during the period of the study.    

Urinary tract infection, in the present 

study, resembled a percentage of 10% of 

all infections caused by S. aureus which 

was close to the 8.7% found by Shrestha et 

al., 
(23)

 while it was little less than the 

24.4% of UTIs caused by S. aureus 

reported by Imade et al., 
(24)

.  In the current 

study, urethral discharge revealed a 

percentage of 5% of infections caused by 

S. aureus and this result was 

approximately close to the 6%  found by 

Weinberger et al., 
(25)

 while Oboho, 
(26)

 

found a percentage of 53.7% and 

suggested that S. aureus may be a major 

cause of non-gonococcal urethritis   A 

percentage of 2.5% of staphylococcal 

infections were reported, in the present 

study, when the vaginal swabs were 

considered revealing a great similarity to 

the results of Agbakoba et al., 
(27)

 who 

reported a percentage of 3.6% of 

Staphylococcal infections identified from 

the vaginal swabs while values of 17.1% 

and 38.7% were found by other 

researchers Chen et al., 
(28)

 and Momoh et 

al., 
(29)

, respectively.   S. aureus was 

isolted from 12.5% of blood samples in the 

present study and this was approximately 

similar to 14.5% found by Jain et al., 
(30)

 

and faraway from the 28.7% found by 

Soltani et al., 
(31)

.   These differences in the 

frequency of isolation could be attributed 

to factors such as the anatomical site of 

infection, type of lesion, age, and 

geographical area of isolation 
(16)

.  The 

results of the current study revealed that 

staphylococcal hemolysin produced a 

hemolytic zone of 15mm when semi 

quantitative method of screening for 

hemolysin was applied and the results also 

revealed that the hemolysin titer was 320 

U/ml when the hemolytic assay was 

applied, these results were in marked 

discrepancy when compared to the results 

of Al-Makhzomi, 
(32)

 who reported 6 mm 

zone of hemolysis around bacterial 

colonies and a 640 U/ml hemolysin titer. 

The difference of the results reported by 

this study to the results reported by some 

other studies in regard to the hemolytic 

unit or the zone of hemolysis might be due 

to the fact that during the course of the 

purification of beta hemolysin, certain 

unexpected increases in the titer of the beta 

hemolysin preparations were noted 

because the addition polyethylene glycol 

to the diluent for the titration although it is 

not known whether the polyethylene 

glycol affected the erythrocytes or the beta 

hemolysin 
(33)

.  Another unexpected 

increase in the titer of beta hemolysin 

occurred during the lyophilization of the 

acetone-precipitated preparations of beta 

hemolysin. It is possible that this 

phenomenon is in some way related to the 

reported instability of the purified 

preparations of beta hemolysin 
(34)

 or beta 

hemolysin may have undergone 

fragmentation during lyophilization due 

either to freezing or to subsequent 

desiccation, or to both and the presence of 

an unknown inhibitor of beta hemolysin 

has also been suspected 
(35)

. Beta 

hemolysin, is a "hot-cold" hemolysin; that 

is, hemolysis is significantly increased if 

incubation at 37 
o
C is followed by a period 

of holding at a lower temperature. 

Wiseman, (36) discussed the phenomenon, 

finding that rapid alteration of pH or NaCl 

concentration in suspensions of 

erythrocytes treated with hemolysin caused 

intensified hemolysis at 37
o
C. He further 

suggested that a reduction in temperature 

may cause sudden contraction of the 

treated membrane which might break weak 

bonds and cause the structure to 

disintegrate Karthikayalu et al., 
(37)

 

reported that the hemolytic activity of the 

crude extract was 6-mm diameter clear 

zone of lysis observed around the wells in 

human blood agar plates when 50 mg of 

1290



 

 

Extraction and studying the effect of pH….                                          Amer H. Al-Shammary 

 

Karbala J. Med. Vol.5, No.1, Dec, 2012 

crude extract was added after incubation. 

The crude extract revealed 50% hemolysis 

at a concentration of nearly120 ng/ml by 

microtiteration plate assay; revealing 

obvious inconsistency with the results of 

the present study which might be due to 

the availability for different concentrations 

of divalent free cations that are known to 

have adverse effects on enzyme activity 
(38)

.The results of the present study 

indicated that hemolysin production was 

maximal when the pH of the medium was 

near neutrality (pH 7) and this result was 

different from that of Kreft et al., 
(39)

 who 

mentioned that the pH-optimal for 

hemolytic activity of the toxins produced 

by Listeria spp. was in the acidic range, 

this finding further supports the 

assumption that listeriolysin may play a 

key role in the escape ofvirulent Listeria 

from the acidic phagolysosomal 

environment.In another study conducted 

by Haider et al., 
(40)

, working with entero 

invasive E. coli, they showed that 

hemolysin expression at optimum pH 

appeared to be a strain specific feature and 

was found maximum inthe pH range 7.5-

8.0 coinciding with the results of Muslim, 
(41)

 who reported an optimum pH of 7.5 for 

hemolysin production  by Aeromonas 

hydrophila in TSB ,While another strain-

specific study indicated that B. pertussis 

showed maximum activity at 7.5, whereas 

B. parapertussis and B. bronchiseptica 

showed activity at 7.5-8.0. Both studies 

revealed results that are nearly similar to 

the result of this study and the slight 

indifference might be attributed to the 

involvement of different determinant in 

host interaction and virulence of various 

bacterial species and strains within these 

species 
(42)

.  A wider range of temperature 

of incubation and an increased values of 

enzyme activity were adopted by Poole 

and Braun, 
(43)

 who claimed that Log-

phase cells of Serratamarcescens cultured 

at 30°C were approximately 10-fold more 

hemolytic than those grown at 37°C and 

also by Donohue et al., 
(44)

 who mentioned 

that Aspergillus niger produced a 

proteinaceous hemolysin when incubated 

on sheep’s blood agar (SBA) at both 23°C 

and 37°C, furthermore, Haemolysin 

production occurred at temperatures up to 

42
o
C, but was reduced at 18°Cand below 

(45)
. Al-makhzomi, 

(32)
, In an identical 

results to that of the current study 

demonstrated that the optimum 

temperature for hemolysin production by 

Vibrio cholerae was 35-37
o
C contradicting 

those of  Yamamoto et al., 
(46)

 who 

mentioned that the optimum temperature 

for hemolysin production from other strain 

of cholera was 30
o
C.  

         Study of temperature effect on 

hemolytic activity confirmed that it is a 

thermoregulatory phenomenon giving 

maximum activity at 37°C and decreasing 

with increases in temperature irrespective 

of the species. This can be attributed to the 

fact that virulence genes may be activated 

at this temperature and remain repressed at 

very low and high temperatures 
(47,48)

. 
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