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LYTIC A C T I O N  OF LYSOZYME ON CANDIDA 
ALBICANS 

by 

T. KAMAYA 1) 

ABSTRACT 

Yeast cells of Candida albicans in tysozyme glucose solution were incubated in a 
37°C water bath' for 6 hours, spread on the surface of a Sabouraud's agar plate 
and incubated at 37 ° C for 18--24 hours. Scattered small colonies were seen on the 
agar surface compared with the thick full growth of the control culture incubated 
without lysozyme. Twenty-one strains of 6 standard Candida species of human isola- 
tion other than Candida albicans; C. steUatoidea, C. tropicalis, C. pseudotropicalis, 
C. krusei, C. parapsillosis, C. guilliermondii, showed essentially the same results as 
Candida albicans. A constant quanti ty of lysozyme caused destruction of Candida 
cells to an equal degree, regardless of varied concentrations of glucose. Dilution of 
lysozyme greater than 100 times the originM (5 mg/ml) showed the same degree 
of candicidal activity, however, was dependent on the presence of minute amounts 
of glucose. The presence of NaC1 prevented the lysis of Candida by lysozyme in 
various solutions, Candida cells with lysozyme in glucose solution was incubated 
for 6 hours in a 37 ° C water bath. Microscopic observations revealed drastic changes 
in cell morphology. Most of the cells were swollen, degenerated and some completely 
destroyed. The gram-positive characteristics of Candida ceils changed to gram-nega- 
tive. The combined activity of lysozyme with complement and antibody may play 
an important role in the protection against Candidiasis in vivo. 

INTRODUCTION 

In 1922 FLEMING found that  saprophytic air cocci, and Micro- 
coccus tysodeikticus were lysed by tears, nasal secretions, sputum, 
and other body fluids. The substance common to these fluids was 
enzymatic and was given the name 'lysozyme'. 

FLEMING claimed that  not only saprophytic Micrococcus lyso- 
deikticus, but that  other bacteria of human pathogenicity were also 
influenced by lysozyme. 16 of 22 strains of fecal streptococci were 
readily lysed by tears, and some strains of staphylococci and hemo- 
lytic streptococci were sensitive to lysis by  tears and nasal secretion. 

Since that  time, the sensitivity of numerous species of organisms 
to the lyric action of lysozyme has been tested by various investi- 
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gators. ~RIDLEY (1928) found that tears had an antibacterial effect 
on staphylococci. THO~IPso~ & GALLARDO (1940) described that 
4 of 8 strains of staphylococcus auleus and 12 of 13 strains of staph. 
albus were lysed in human tears diluted from 1:10 to 1:160. 

Although organisms belonging to the same genus show wide vari- 
ations in the extent of lysis, there is a general agreement about the 
susceptibility of bacteria to lysozyme thus supporting several broad 
conclusions (GALTON 1957). The bacteria most vulnerable to lysis 
by  lysozyme were micrococcus, sarcina, staphylococcus and ba- 
cillus (THoMI'SON 1960). Gram negative bacteria, unless specifically 
pretreated, were most resistant to lysis by  lysozyme (AMANO et al., 
1954) (REPASKE 1956) (Hook et al. 1960). 

In the present study, the influence of lysozyme on 7 species of the 
genus Candida of human isolation was observed. Lysozyme was 
found to cause lysis and inhibition of growth of Candida species. 

MATERIALS AND METHOD 
Materials 

25 standard strains of human isolation of Candida species were 
obtained from the National Institute of Health, Bethesda, Maryland, 
U.S.A., The Communicable Disease Center, Atlanta, Georgia, U.S.A., 
The Department of Mycology, McGill University, Montreal, Canada, 
and Temple University, Philadelphia, U.S.A. 

A suspension of Candida cells was standardized as follows: The 
surface of a 19--24 hours (37 ° C) culture of Candida species in 
Sabourand's agar was gently scraped using a wire loop. The material 
was suspended in 10 ml of distilled water in a tube* with a screw or 
rubber cap. The mixture was agitated to make an even suspension 
and its turbidity was measured using a Junior Coleman spectropho- 
tometer at 320 m#. Each suspension of Candida was adjusted to 
50 % transmittance, either by  fulther dilution with distilled water, 
or by  further addition of Candida culture. A blank of l0 ml of dis- 
tilled water was used to represent 100 % transmittance. 

Method 
Various dilutions of iysozyme** were prepared using diluents 

of glucose distilled water, physiologic saline and distilled water. 
Using a pasteur pipette, 3drops of standardized Candida suspen- 

sion were mixed with the prepared solution of lysozyme and placed 
in a 37 ° C water bath for 5--6 hours, then inoculated on the surface 
of Sabouraud's agar and incubated for 24 hours at 37 ° C. Controls 
were prepared in exactly the same manner, omitting lysozyme. The 
18-~-24 hours growth of Candida species in Sabouraud's agar was ob- 
served. Details of the method are as follows: 

* B-I )  v a c u t a i n e r  (no add i t ive ,  165 x 16 m m  or 100 × 16 ram) w a s  f o u n d  to  be sat is -  
fac tory .  
** Crystalline product isolated from egg white was obtained from Nutritional 
Biochemicals, U.S.A. Lysozyme egg white crystalline 3 ×. Lysozyme crystalline 3 ×.  
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I. Incubation 

3 drops of standardized Candida cell suspension were added to 
various dilutions of dextrose solution (5 °/o, 2.5 °/o, 1%,  0.1 °/o ) 
containing varying concentrations of lysozyme (5.0 mg/rnl, 2.5 rag/ 
ml, 1.25 mg/ml, 0.62 mg/ml, 0.31 mg/ml, 0.16 mg/ml, 0.08 mg/ml, 
0.04 mg/ml) and were incubafed in a 37 ° C water bath for 6 hours. 

The same dilutions of lysozyme were prepared substituting phys- 
iologic saline and distilled water for dextrose solution. The inhibi- 
tory effect of lysoz3nne upon Candida species in the three solutions 
were compared. 

II .  Inoculation on Sabouraud's Agar 

Following six hours incubation in the waterbath, the tubes were 
shaken and using a Pasteur pipette, 2 drops were placed on the 
surface of a Sabouraud's agar plate (150ram × 10mm), then spread 
on the upper hail using a wire loop. 

As a control, two drops of standardized Candida cell suspension 
incubated without lysozyme were spread on the other half of the 
plate. The plate was incubated at 37 ° C for 8--24= hours, and the 
growth of Candida culture treated with tysozyme was compared 
with the growth of the untreated control of Candida culture. 

OBSERVATIONS 

I. Agar surface growth of Candida  a lb icaos  pretreated with 
lysozyme and without lysozyme was compared 

Fig. 1. Pho tograph  of Sabouraud ' s  agar plate. 
Upper  h a l f - g r o w t h  of Cand~da albicans pretreated wi th  lysozyme glucose solution. 
Lower hMf - same numbers  of Candida atbicans without  lysozyme. 
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TABLE 1. 
(A) Growth of Candida albicans pretreated with Lysozyme and without  Lysozyme 

Candida albicans National National McGill Temple Smith Strain 
strains --> Communicable Ins t i tu te  of University University Isolated at  

Disease Center Heal th  Strain Strain Strain our own 
Trea tmen t  ~ Strain Laboratory 

Lysozyme Slight No Growth No Growth Slight Growth Slight Growth 
in Glucose growth **) (Multiple faint 
solution *) (scattered colonies) 

small colonies) 
Control Heavy Heavy growth Heavy growth Heavy growth Heavy growth 

Glucose solution growth ***) 
alone 

*) Lysozyme in Glucose solution - -  Lysozyme (5 mg/ml) 
- -  Glucose solution ( 1 %  Glucose distilled water solution). 

**) Slight growth - -  Scattered small colonies, covering 0--10 % of entire agar surface; see Fig. 1, upper 
half. 

***) Heavy  growth - -  Colony covering almost entire agar surface; see Fig. 1, lower half. 

(B) Gro~ch of Human  Candida Species (Other than  Candida albica.ns) Treated with Lysozyme and 
without  Lysozyme (McGiI1 Universi ty Strains) 

Candida species -~ Candida Candida Candida Candida Candida Candida 
stellatoidea tropicalis pseudo- krusei para- guillier- 

Pre t rea tment  lropicalis psillosis mondii 
with 4 

Wi th  Lysozyme in No growth Slight No growth Slight No growth No growth 
glucose solution *) growth growth 
Control wi thout  Heavy Heavy Heavy Heavy Heavy Heavy 
Lysozyme. Glucose growth growth growth growth growth growth 
solution alone 

*) Lysozyme in Glucose solution - -  Lysozyme (5 mg/ml) 
- -  Glucose solution ( 1 %  glucose distilled water solution). 

Results obtained are tabulated (Table I (A)) and illustrated 
(rig. 1). 

The above results showed that  when Candida albicans was pre- 
treated with lysozyme in glucose solution, only scattered small 
colonies of growth on Sabouraud's agar were observed to]lowing 
18--24 hours incubation. On the contrary, Candida albicans treated 
under identical conditions but with omission of lysozyme had a full 
heavy growth. 

Candida species of human isolation other than Candida albicans 
showed a similar pattern of results. 21 strains of 6 standard Candida 
species of human isolation other than Candida atbicans (C. std- 
latoidea, C. tropicalis, C. pseudotropicalis, C. krusei, C. parapsillosis, 
C. guilliermondii) were treated with lysozyme as previously de- 
scribed. All organisms were sensitive to the action of lysozyme, re- 
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suiting in inhibition of growth compared with the full heavy growth 
of the control suspension. (Table I (B)). 

II. Influence of Varying Concentrations of Lysozyme in Con- 
stant  Glucose Concentration 

In this experiment various concentrations of lysozyme in 0.1 ~/o 
glucose were used. 

Results showed that dilutions of lysozyme greater than 100 times 
the original dilution (0.04 mg/ml) caused inhibition of growth to the 
same degree as the more concentrated solutions of lysozyme (5 rag/ 
ml). ('Fable II) 

TABLE I I  

The Influence of Various Concentrations of Lysozyme Upon C a n d i d a  a l b i c a n s  When 
Glucose Concentrations Were Kept  Constant (0.1%) 

Tube Lysozyme Glucose Inoculation of Results Growth 
Number Concentra t ion  Concentrat ion  Lysozyme treated 0f Candida Ceils 

In  Distilled Candida Cells on in  Sabouraud's 
Water Sabouraud's agar agar 

1 5 mg/ml 0 .1% 

2 2.5 mg/ml 0 . 1 %  

2 drops of Pasteur Almost total inhi-  
pipette on upper 
half of the plate 

3 1.25 mg/ml 0 .1% ,, 
4 0.62 mg/ml 0 .1% ,, 

5 0.31 mg/ml 0 . 1 %  ,, 
6 0.16 mg/ml 0 .1% ,, 
7 0.08 mg/ml 0 . 1 %  ,, 
8 0.04 mg/ml 0 .1% 

Control No Lysozyme 0 .1% 2 drops of Candida 
cells (without treat- 
ment of Lysozyme) 
were spread on low- 
er half of the plate 

bit ion.  Close ob- 
servation revealed 
scattered, faint 
colonies  
Inh ib i t ion  - Same 
degree as No. 1 

, J  

~ J  

Jr 

Full heavy growth 

III. The Influence of a Constant Concentration of Lysozyme 
in Varying Concentrations of Glucose solut ion 

In this experiment 5 mg/ml of lysozyme was prepared Jn varying 
concentrations of glucose solution (5 %, 2.5 %, 1%, 0.1%, 0.01%). 

The results obtained showed that a constant concentration of 
lysozyme caused growth inhibition to the same degree in 5 % glucose 
and in 0.01% glucose solution. Thus the concentrations of glucose 
used in the diluent did not appear to be critical at this level. 

IV. The Inhibit ion of Candicidal Action of Lysozyme by NaC1 
(Table III) 

The eandicidal action of lysozyme in 0.1% glucose saline solution 
(Table III ,  Tube 1) and lysozyme in 0.1% glucose distilled water 
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TABLE III 
Inhibitory Influence of NaC1 Upon The Cand~cidal Action of Lysozyme 

Tube Solution Lysozyme Amount of Growth Results 
Number Candida in Sabouraud's 

Suspension agar 

I 0.I % glucose in 5 mg/ml 3 drops into 1 ml Moderate to heavy 
physiologic saline of solution growth 

2 0.1 ~o glucose in None ,, Same as above 
physiologic saline 

3 0 .1% glucose in 5 mg/mI ,, Almost complete 
distilled water suppression of 

growth 
4= 0 .1% glucose in None , ,  Heavy growth 

distilled water 
5 Physiologic saline 5 rag/rot , ,  Moderate growth 
6 Physiologic saline None ,, Moderate growth 

(same as No. 5). 
7 Distilled water None ,, Heavy growth 

solution (No. 3) was compared. Results obtained indicated that  
the presence of NaG (0.1% glucose in saline) strongly interfered 
with the candicidal activity of lysozyme. 

Although physiologic saline alone showed slight inhibitory ac- 
tivity to Candida growth (Table III ,  Tubes No. 2 and No. 6), the 
presence of NaG in lysozyme saline solution or in lysozyme glucose 
saline solution did not enhance the destructive activity of tyso- 
zyme; on the contrary, NaC1 acted as a protective to Ca~dida albi- 
cans cells. 

V. Changes in Morphological and Staining Characteristics 
of Candida albicans by the Action of Lysozyme 

I. Loss o/ gram@ositivity and degemration o/Candida cells. 
Candida suspension in lysozyme glucose solution was incubated 

in a 37 ° C water bath for six hours. The tube was shaken and a drop 
of solution was spread on a glass slide, dried by air, and stained 
with Gram's stain. 

Microscopic observations revealed that the cells were fewer in 
number than found in the control (simple glucose solution without 
lysozyme). The cells were fuzzy in outline and had a swollen appear- 
ance. The blue staining of Gram positive characteristics of most 
of the cells were lost, leaving a faint pinkish colour. Some cells were 
degenerated shcwi~g cnlytheliberated pinkish cytoplasmic com- 
ponent, others became transparent leaving empty ghost cells. Oc- 
casionally quite distinct t iny deep blue granules were noted within 
the degenerated cells. 

After prolonged incubation, the cells seemed to gradually tyse, 
leaving only a faint pinkish amorphous cell, with no morphological 
characteristics. When lytic action was completed no Candida cells 
w e r e  s e e n .  
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H. Comparison in morphology o~ Candida cells incubated in lyso- 
zyme distilled water, lysozyme physiologic saline and lysozyme 
glucose solution. 

Morphology of the cell was best retained in solutions of lysozyme 
distilled water, relatively well preserved in lysozyme physiologic 
saline, however, the most dramatic morphological changes were 
seen in solutions of lysozyme glucose. 

Gram positivity of the cell appeared to run parallel to preserva- 
tion of its morphological detail. Solutions of lysozyme in distilled 
water caused the least change in the staining reaction and lysozyme 
in glucose solution caused the most dramatic change with complete 
loss of Gram positive characteristics. 

[DIscussioN 

From the present experiment it appears that the growth of Candi- 
da of human isolation is inhibited or destroyed in vitro by the action 
of ]ysozyme. The phenomenon of growth inhibition was enhanced 
by the presence of small amounts of glucose. 

Lysozyme, a n  aminopolysaccharidase was discovered by FLE- 
~I~C in 1922. Subsequent workers agreed that lysozyme had bac- 
teriostatic and bactericidal action, and was present in various tis- 
sues and body fluids. 

Lysozyme acts on the cell wall and causes lysis of a few species of 
bacteria, particularly the gram-positive bacteria. A maior compo- 
nent of the cell wall of most gram positive bacteria is muco- 
complex which is dissolved by lysozyme. Lysozyme possesses a 
specific ability to hydrolyze the mucocomplex substances to sub- 
units of relatively low molecular weights. Considering the gram- 
positive characteristics of the Candida species, it is reasonable to 
expect that lysozyme would cause lysis of its cell wall. 

To quote [DuBos (1946) - 'The discovery that certain bacterium 
is susceptible to lysozyme can consequently be used as evidence 
that this organism possesses as an essential component of its struc- 
ture the substrate probably an acetyl amino polysaccharide which 
is hydrolyzed by the lysozyme.' From the present experiment, this 
statement could be applied to Candida species of human isolation. 

It is a well known biological fact that cells exhibit high vulnerabil- 
ity during the active dividing process. In the present experiment, 
the addition of minute amounts of glucose in solution appeared to 
accelerate the action of Iysozyme on Candida species, possibly be- 
cause Candida cells are highly vulnerable during their budding pro- 
cess with high metabolic activity in glucose solution. Lysozyme in 
distilled water, on the contrary, did not kill the Candida cells at 
concentrations used by the present study, and the starvation or 
nutrient depletion in simple distilled water did not appear to result 
in much autolysis or ceil death. The mechanism that shut off possible 
intracetlular mureinase during starvation making the Candida cell- 
wall resistant to the action of lysozyme is not fully understood. 
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The presence of small quantities of salts in glucose solution caused 
the action of lysozyme on Candida albicans to be greatly inhibited 
and appeared to prevent morphological degeneration and subsequent 
death of tile cell. This interference of enzyme action due to the pres- 
ence of salts or buffers was observed by SCHLENK & DAINKO (1965). 
They described that the presence of minute amounts of NaC1 inter- 
fered with the action of ribonuclease upon the yeast cells of Candida 
utilis and Saccharomyces cerevisiae. ROTHSTEIN (1963) described the 
binding of cations by the yeast cell surface, and explained the com- 
petitive action of the ions with the binding of metabolites, and their 
transfer through the cell membrane. He showed that cations, espe- 
cially Ca ++ and Mg ++ are also inhibitory and probably occupied sites 
on the cell membrane where enzyme has to be attached for action. 
KOZlNN, CAROLINE &TASC~II~JIAN (1964) exposed Candida albicans 
to lysozyme (1 mg/ml) in phosphate buffer for 1 hour at 37 ° C and 
found no inhibitory action of lysozyme on Candida cells. 

The fact that gram-positive bacteria treated with lysozyme 
becomes gram negative has been known for some time. In 1948, 
WEBB reported that the action of lysozyme on heat-killed cells of 
Clostridium welchii and Staphylococcus albus causes these organisms 
to become gram negative. This fact was confirmed in 1961 by SAL- 
TON. The present experiment showed that the gram-positive charac- 
teristics of Candida species, although irregular, changed to gram- 
negative by the action of lysozyme in glucose solution. At the same 
time, degeneration and loss of cell morphology was observed. Lyso- 
zymeis known to affect the cellular components essential for mainten- 
ance of the cell's morphological structure (EPSTEIN & CHAIN 1940). 
BOASSEN (1938) concluded that the lyric action of lysozyme is due 
to the increased cellular permeability which permits cell material 
to diffuse into the medium. SALTON (1953) using crystalline lyso- 
zyme from egg white showed that lysozyme causes dissolution of 
the rigid cell wall structme of Micrococcus lysodeikticus. In other 
experiments (GERHARDT et al., 1956) (SALTON, 1961), it was demon- 
strated that crushed protoplast from B. megaterium that had been 
Gram stained prior to wall removal by lysozyme could be decolo- 
rized. The present study showed that the structural integrity of 
yeast cells of Candida species appears to be the most important 
factor for the preservation of gram positivity. 

AMANO et al. (1954), HOOK, CAREY ~¢ MUSCHEL (1960) and GLYNN 
(1968) observed that lysozyme accelerates tile destruction and lysis 
of some gram-negative bacteria exposed to complement and anti- 
body. The candicidal action of lysozyme in phagocytic monocytes 
and in various tissues and body fluids (WEISS et al., 1966) combined 
with the activity of complement and antibody leads one to assume 
that lysozyme plays an important role in the prevention of 
Candidiasis in vivo. 

In early studies of lysozyme, FLEMING, (1922), (1929), FLEMING & 
ALLISON (1922) compared the amount of lysozyme found in extracts 
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of various human organs. Extracts of kidney, brain and skin con- 
tained the least amount of lysozyme compared to extracts of other 
organs. It is awell known fact that kidney and brain, and with certain 
reservations skin, are the most susceptible to infection by Candida 
albicans both clinically and experimentally. (LOURIA et al. I960, 
HASENCLEVER & MITCHEL, 1961, LOURIA et al. 1963). 

In experiments involving pseudo-germtube production in various 
organ extracts, the percentage of cells forming pseudo-germ tubes 
and their subsequent growth was greatest in extracts from kidney, 
brain, and the skin (MACKENZIE, 1965). 

The lysozyme content in tears and nasal secretions is much higher 
than in saliva (FLEMING 1922) (1929), (I~LEMING & ALLISON 1922) 
or vaginal washings (TtmMPSON 1940). Mouth and vaginal candi- 
diasis is much more common than Candida infection of the eye or 
nose, which usually only occur ill special conditions of the host 
(CHICK • CONANT 1962). 

Although it is unlikely that a single factor is involved, the cor- 
relation between the incidence of Candida infection, and the lyso- 
zyme activity of tears, nasal secretions, saliva, vaginal washings and 
various human organ extracts, appears to be too close to be for- 
tuitous, and may" be worth further investigation. 

Zusammenfassung 

Candida albicans-Zellen s ind  in Lysozyme-g lukose -LOsung  bei 37 ° C in W a s s e r b a d  
ffir 6 S t u n d e n  bebr i i te t  worden;  sie s ind  d a n n  a n  der  Oberfl/~che yon  S a b o u r a u d ' s  
A g a r p l a t t e n  ausges t r i chen  u n d  bei 37 ° C ffir 18- -24  Std. bebrf i te t  worden.  Zers t reu-  
re, kleine Kolonien  s ind a n  der  Agarflliche erschienen,  im Vergleich m i t  de ln  dicken,  
x~ollen Vv'achstum der  Kon t ro lku l tu r ,  die ohne  L y s o z y m e  bebr i i te t  worden  ist. 
E i n u n d z w a n z i g  St~rnrne yon  sechs S t a n d a r d - C a n d i d a  Ar t en  aus  mensch l i chen  
Quellen auBer  C. albicans: d . h . C ,  stellatoidea, C. tropicalis, C. pseudotropicalis, 
C. krusei, C. parapsillosis, C. guilliermondii, zeigten iln wesen t l i chen  dasselbe Ergeb-  
nis  wie C. albicans. Line  k o n s t a n t e  Qual l t i t~ t  yon  L y s o z y m e  bewirkte  die Ze r s t6 rung  
der  Candida-Zel len  zu gleichera Grade  ohne  l~iicksicht au f  die wechse lnde  Konzen -  
t r a t ion  der Glukose.  L i n e  groBere V e r d i i n n u n g  y on  Lysozy lne  als die h u n d e r t f a c h e  
des OriginMs (5mg/ml)  zeigte dense lben  Grad  der  candic idalen  Akt iv i tAt  , jedoch 
war  sic y o n  der  G e g e n w a r t  e iner  k le ins ten  iVZenge y o n  Glukose  abh~ngig .  Die Gegen-  
w a r t  y o n  NaC1 h a t  die L y s e  y o n  Cand ida  d u t c h  Lysozyrne  in versch iedenen  L 6 s u n g e n  
ve rh inder t .  Candida-Zel len  waren  m i t  L y s o z y m e  in  Glukose l6sung  fiir 6 Std.  in 
Vv'asserbad bei  3 7 ° C  bebri i te t .  Mikroskopische  J3eobachtung h a t  e inen groBen 
Wechse l  in der  Zel lmorphologie  enthii l l t .  Die me i s t en  Zellen waren  geschwollen,  
degenerier t ,  u n d  m a n c h e  vOllig zers t6r t .  Die g rampos i t i ve  E i g e n a r t  der  Cand ida -  
Zelien wechsel te  in die g ram-nega t ive .  Die vere in igte  Akt ivi tXt  yon  Lysozyn le  mit 
K o m p l e m e n t  u n d  Ant ik6 rpe r  Inag eine wicht ige Schutzrol le  gegen Candidias is  in 
v ivo  spielen. 



2 0 6  T. KAMAYA 

R e f e r e n c e s  

1. ALDERTON, G., WARD, W. H., • FEVOLD, H. L. (1945) Isolation of Lysozyme 
from Egg White; J. Biol. Chem., 157: 43--58.  

2. AMANO, I., INAI, S. & SEKI, T. (1954) Immune Bacteriolysis; 1. Accelerating 
Effect on the Immune Bacteriolysis by Lysozyme-like Substance of Leucocytes 
and Egg-V/hire Lysozyme; Med. J.  Osaka Univ. 4: 401. 

3. BALISH, E., & SHtLVA, G. (1966) Ultraviolet Microscopy of Candida aibieans; 
J. Bacteriol. 92 (6): 1812--1820. 

4. BLOOM, W. L., & PRIGMORE, J. R. (1952) A Method for Preparation of Anti- 
bacterial Basic Proteins of Normal Tissues; J. Bacteriot. 64: 855--858.  

5. BoAss~N, E. H. (1938) On the BacterioIysis by- Lysozyme; J. Immunol. 34: 
281--293.  

6, CHICK, E. W., & CONANT, N. F. (1962) Mycotic Ulcerative Keratitis: A Review 
of 148 Cases from the Literature; Invest. OphthaL I: 419. 

7. DUBOS, I~. J. (I946) The Bacterial Cell; In its ReIation to Problems of Virulence, 
Immunity and Chemotherapy; pp. 97--99, pp. 19~-195; Harvard Univ. Press; 
Cambridge, Massachusetts, U.S.A. 

8. EPSTEIN, L. A., & CHAIN, E. (1940) Some Observations on the Preparation and 
Properties of the Substrate of Lysozyme; Brit. f .  Exp. PaXh. 21: 339--855.  

9. FINK, M. E., & FINCH, S. C. (1968) Serum Muramidase and Granulocyte Turn- 
over; Proc. Soc., Expt. Biol. Med. 127: 365--367.  

10. FISCHER, R., & LAROSE, P. (1952) Mechanism of Gram Stain Reversal J. BacterioL 
64: 435---441. 

11. FLEMING, A. (1922) On a Remarkable Bacteriolytic Element Found in Tissues 
and Secretions; Roy. Soc. Proc. B. 93: 206--817.  

12. FLnM~NG, A., & ALLISON, V. D. (1922) Observations on a Baeteriolytic Sub- 
stance (Lysozyme) Found in Secretions and Tissues; Brit. J. Exp. Path., 3 (5): 
252--260. 

13. FLEMING, A.(1929) Arris and GaIe Lecture on Lysozyme, A Bacteriolytic 
Ferment Found Normally in Tissues and Secretions; The Lancet, Feb. 1929: 
217--220. 

14. GLYNN, i .  A. (1968) Lysozyme: Antigen, Enzyme and Antibacterial Agent. British 
Post-Graduate Medical Federation-.  The Scientific Basis of Medicine, Annual 
Reviews 1968: 31--52, University of London, The Athlone Press. 

15, HAS~NCLEVER, H. F., & MITCHnLL, W. O. (1961) Pathogenicity of C. atbicans 
and C. tropicalis; Sabouraudia I: 16--21.  

16. HIRSCH, J. G. (1960) Antimicrobiol Factors in Tissue and Phagocytic Cells; 
Bact. Rev. 24: 133--140.  

17. HOOK, W. A., CAR~Y, VV. F., & MUSCH~L, L, H. (1960) Alterations in Serum 
Lysozyme and properdin Titres of Mice Following X-Irradiation of Treatment 
with Zymosan or Endotoxin; J. Immunol. 84: 569--575.  

18. KA~AYA, T. (I969} FloccuIation phenomenon of candida albicans by Lysozyme. 
Mycopath. Mycol. Appl.  37 (4): 320--380.  

19, KISAGAWA, T. (I928) Lysozywirkungen des Eiereiweil3. Zt. Immunitdts]orseh. 
Exp. Therap. 54: 155--180.  

20. KOZlNN, P. J., CAROLINE, L. & TASCHDJIAN, C. L. (1964) Conjunctiva Contains 
Factor Inhibiting Growth of candida albicans; Science, 146: t 479 ~- 1480, Dec. 11. 

21. LOURIA, D. B., FALLON, N., ~ BROWNE, H. G. (1960) The Influence 0f Cor- 
tisone or Experimental Fungus Infection in Mice. J. Clin. Invest. 39: 1435- -  
1449. 

~,2. LOURIA, D. B., BRAYTON, R. G., & KINKXL, G. (I963) Studies on the Patho- 
genesis of Experimental Candida albieans Infection in Mice; Sabouraudia 2: 
271--283.  

23. MACKENZIE, D.\V.R. (1965) Studies on the Morphogenesis of Candida atbicans; 
I I  - Growth in Organ Extract;  Sabouraudia 4: 126~-130. 

24. McQUILLAN, K. (1958) Lysis Resulting from Metabolic Disturbance; J. Gen. 
Micro-biol. 18: 498--512.  

25. MUSCHEL, L. H ,  CA~Y, "~V. F., & BARON, L. S. (1959) Formation o~ Bacterial 
Protoplasts by Serum Components; d r. Immunol. 82 (I): 38--42. 



LYTIC ACTION OF LYSOZYME ON C. ALBICANS 207  

26. PETHICA, B. A. (1958) Lysis by  Physical and Chemical Method; J. Gen. _A/Iiero- 
biol. 18: 473--480. 

27. REPASKE, R. (1956) Lysis of Gram-Negative Bacteria by Lysozyme; Bioehem. 
Biophys. Acta. 22: 189--191. 

28. RIDLEY, ~'. F.(1928) Lysozme; Proe. Roy. Soc. Med. 21: 1495--1506, 
29. ROTttSTEIN, A. (1963) The Biochemical Properties of the Cell Membrane of 

Yeast  in Relation to Sugar Uptake and Glycolysis; Proc. Int. Cong. Biochem., 
5th Moscow, 1961, 1: 40--49. 

30. ROWLEY, D., & WARDLAW, A. C. (1958) Lysis of Gram-Negative Bacteria by 
Serum; J. Gen. Microbiol. 18: 529--533. 

31. SALTON, M. R. J. (1953) Cell Structure and Enzymic Lysis of Bacteria; J .  Gen. 
Microbiol. 9: 512--523. 

32. SALTON, M. R. J. (1957) The Properties of Lysozyme and its Action on Micro- 
organisms; Bact. Rev. 21: 82--99. 

33. SALTON, M. R. J. (1958) The Lysis of Micro-organisms by  Lysozyme and Related 
Enzymes; .[. Gen. 2Viierobiol. 18: 481--490. 

34. SALTON, M, R. J. (1961) The Anatomy of the Bacterial Surface; Bact. Rev. 25 
(2): 77--99. 

35. SCItLENK, t :?. • DAINKO, J. L. (1965) Action of Ribonuclease })reparations on 
Viable Yeast Cells and Spheroplasts; J .  Baeteriol. 89 (2): 428---g36. 

36. SIMMONS, N. S. (1952) Studies on the  Defense Mechanisms of the  Mucous Mem- 
branes with Part icular  Reference to the Oral Cavity; Oral Surg. Oral Med. O~al 
Pathol. 5: 513--526. 

37. SKARNES, R. C., & x~VATSON, D. W. (1955) The Inhibit ion of Lysozyme by  
Acidic Polymers from Pathogenic Bacteria; J .  Bact., 70: 110--112. 

38. STOLP, H. & STARR, M. P. (1965) Bacter io lys is-  I: 243 Esp. 90--91 (Lysis by 
Lysozyme) Ann. Rev. Microbiol. 19: 79--104. 

39. THOMPSON, R. (1940) Lysozyme and its Relation to the Antibacterial  Proper- 
ties of Various Tissues and Secretions; Arch. Pathol. 30: 1096--1134. 

40. THOMPSON, R. (1941) Lysozyme and the AntibacteriM Properties of Tears. 
Arch, Ophthal. 25: 491--509. 

41. WAm~EN, G. H., & DURSO, J. G. (i952) Effect of Lysozyme on the Cell Structure 
of Achromobaeter Fischeri; J. Bact. 64: 483--487. 

42. WEBB, M, (1948) The Action of Lysozyme on Heat-Killed Gram Positive 
Micro-organisms; J. Gen. Microbiol. 2: 260--274. 

43. WEIDEL, W., & PRIMOSmH, J. (1958) Biochemical Parallels Between Lysis by 
Virulent Phage and Lysis by Penicillin; f .  Gen. Mierobiol. 1 8 : 5 1 3  517. 

44. ~,VEISS, L., h'MYI~Ew, E., & ULRICH, K. (1966) The Effect of Neuraminidase 
on the Phagocytic Process in Human Monocytes; Lab. Invest. 15 (8) : 1204--1309. 

45. WELSCR, M. (I958) Lysis by  Agents of Microbiol. Origin; J. Gen. Mierobiol. 
18: 491--497. 


