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Absiract—In this study several tests showed that I igh level of
iron either in sera from patients with rhewmaroid arthritis,
thalassaenia major or in standard iron solutions, lave
inhibitory effect on capsule production af Cryptococcus
negformans. This work is concerned with the probable role
of iren in pigeon’s natural resistance against cryptococcal
infection. Ne protease activity was detected in either capsular
ar acapstlar yeasts whereas high activity of f-glucuronidase
was demonstrated in the only experimentally produced
acapsular one. This suggests the participation of iron in
demonsirating pathagenic character of organism and related
aspects. Acta Medica Iranica 33 (3&4): 83-87; 1993,
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INTRODUCTION

[t 15 now forty five vears since Schad and Caroline
(1} first discovered that specific iron-binding proteins,
present in blood and in the white of egg, would inhibit the
growth of certain bacteria. The ability of iron compounds
Lo abolish the antibacterial effects of body fluids in vitro
is now well established; only iron is found to act in this
way. Translerrin has been shown 1o inhibit the growth of
fungi such as Candida albicans, the mycelial and yeast
forms of H. capsulatum in vitro (2,3.4). Kingidentified
transferrin as the dermatophyte inhibitory substance of
serum (3). Inhibitory activity of transferrin was shown to
corretate with its iron-binding capacity and is disrupted
by the addition of iron. This led to the speculation that
lungistatic activity of serum was mediated by the capacity
of ransterrin to bind iron and thus deprive dermatophyies
of iron needed for growth,

There are extensive data indicating that microbial
growth and sccondary metabolism require the catalytic
activity of transition metals (3,6,7,8,9).  To our
knowledge no significant information is available
regarding the effect of iron on capsule biosynthesis of
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Cryplococeus neoformans. The purpose of the present
study was to investigale the probable role of iron on
capsule production which may cause alteration in enz-
ymatic activities, and, therefore, in pathogenic Process.

MATERIJALS AND METHODS

Cryptococeus neoformans used in this investigation
was isolated Irom a patient with eryptococeal memngitis
and the culture was maintained on Brain Heart Infusion
Agar (BHIA, Difeo Laboratories Lid. P.O. Rox 148, UK)
at37°C. Capsule production was scored by use of the
Indsa ink technique. All the following tests were done in
triplicate as follows:

Assay 1). Sera were obtained from four patients with
thalassaeria  major (TM) and five patients  with
rheumatoid arthritis (RA) who had more than 200 wepddl
serum iron (10). The yeast cells were treated with one ml
of the sera for 2 hours al room temperature. A loopful of
serum-treated yeast cells was streaked on BHIA and
incubated at 37°C, for 5 days. Finally, the morphology of
the cotonies and capsule production was examined.

Assay 2). Crytococcus neolormans was introduced
to 1 ml (200 cp/dly ol iron standard solution (Wako, Pure
Chemicals Industries 1Ad., Japan), prior to usc; the
capsule production and mucoid colonial characterization
were exanined as in assay |

Assay 3). As control, either serum from paticnts
with T™M and RA discases, who had normal levels of
serum iron (100-120 wg/dl), or normal saline, was used.
Again the morphology of the cells and colonies were
tested as 1 the above,

Assay 4). The small and dry-like colonics obtained
in assay | were subeultured on BHIA and incubated at
37°C, for 3 days.

Assay 3). Non-mucoid dry-like colonies of Crypt-
ococeus necformans which were obtained afler treatment
of the yeast cells (with sera from TM and RA patients
contaming high iron level), were tested for sugar
assimilation to sce if any alteration occurred in the sugar
assimilation patlern.

Assay 6). In themanners by which the enzymes may
participale in the pathogenretic processes, the enzymalic
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aclivities of the either intact or iron-treated Concolormans
cells were detected by use of APL Zym. The urea mediun
was used for detection of urease production.

Assay 7). Serum iron values of 40 pigeons were
obtained as mentioned by Wako Industrics.

Assay 8). The dried dropping samples from five
different pigeons were examined for their ron content
using Wako's kit

RESULTS

The pre-treatment of Cryptococeus neoformans with
sera conlaining high levels of iron caused an ebvious
alteration on the yeast cells either in direet examination
with India ink or cultural merphology. The yeast cells
were mueh thinner than those of wild-type and became
acapsular or hypocapsular. Also the colonies were small,
dry-like and rough in comparisen with capsular yeast and
mucoidal cotonics of the controls in assay 3 (Figs. la and
ib and Fig. 2). Furthermore when the dry colonies were
subcultured on BHIA, they maintained their characteristic
feature. Later, when the yeast cells were introduced to
200ug/d} of iron standard solution for 2 hours at room
temperature they lost completely their capsules in direcl
examination and did not grow on BHIA alter 5 days at
37°C

The sugar assimilation tests for both capsular and
acapsular yeasts showed that only the capsular did not
assimilate the arabinose, cellobiose, and trehalese.

Study of the enzymatic activitics in both capsular and
acapsular yeasts showed only differences in the amount of
enzyme activily as summarized in Table 1. Capsular
veasts showed 10% activity for alkaline phesphatase
whereas  acapsular  showed  30%  activity for p-
glucuronidase's only. Both forms of the yeast had urease
aclivity whereas no protease activity was detected 1n
cither of them.

The amount of iron in one gram of pigeon’s dried
dropping was as low as 3.56+1.54.0/g whereas the
pigeon's serum iron level was as high as 34897
+122.68.:0/d1 (Table 2).

DISCUSSION

Cryplococeus noeformans is the etiological agent of
a life-tireatening meningitis and the pigeon appears (o be
the chiel factor in the distribution and maintenance ol the
orpanism. Cryplococeus neoformans has & characteristic
polysaccharide capsule which represents its best under-
stood virulenee facior (12,13,14,15,16). Acapsular
straing are of reduced virulence and are more readily

ingested by leucoeytes than are by o psular strams
(17,18).

The present study demonstrated that tron had an
obvious inhibitory effect on Cryptococcus neoformans
sapsule production. This process was quile convenient in
assessing the lack of a capsule by mcans of India mk
technique, and grossly observing the dry and small
colonies.

It seems that there is physiochemical interaction
belween negative charge of capsule and iron cutions
which causes the separation of capsule from yeast.
Therefore they lack the negative charge which 1s present
on the surface of normal capsular and hypocapsular
strains. However culturing of capsular  cells  alter

Table 1. Enzymatic activity of capsular and acapsular Crypto-
coccus neoformans.

Iinzymes Capsular Acapsular

Phosphatase alkaline
Isterase (C4)
Esterase lipase (C82)
Lipase (Ci4) 4
Leucine arylamidase i
Valine arylamidase &
Phosphatase acid At
B3 -Giucuronidase 0
a-Giucosidase i
B-Glucosidase

Thg approximate amount of the substrale hydrolysed in 4h at
37°C is shown by symbols: -+ = 40%, = 30%, 4+ ™
20%, + = 10%, and O = not detecled.

Figs. 1a. Cryptococcus ncolomans capsular morphology by
Indian ink (= 400).




Table 2. The amount of pigeon’s serum and iron of dried
dropping

Sample No. of Amount of iron
sample

Serum 40 348972122 684y dl?

Dried drepping 3 5261 3dup gt

Fig. 1b. Cryptococcus neoformans capsular morphology after
h3 Typh Of ! ¥ £
prefreatiment with sera containing more thaa 200ug/dl (= 400).
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treatment with either TM or RA patient sera which had
normal level of iron or with normal saline only, showed
ghistening, mucoid colonial morphology and capsular
form.

Contrary lo the results obtained in Assays 1 and 4, all
the yeast capsular cells lost their capsules and viability
when they were introduced to the iron standard solution.
Prohably the direet toxic effect of high iron concentration
and the absence of any other nutritional elements were
responsible {or this reaction.

Considering the 5 = 107 viable Cryptococeus neo-
formans cells per gram of pigeon's dropping (19), the
competition for the host’s iron stores which aftects the
oulcome of many infections (203, and the results obtained
in this study, the questions is raised as how a pigeon can
be reservoir of Cryptococeus neoformans without itsel{
sullering from any compli-cation? Does iron have a role
in protecting the pigeon from cryploccosis?  These
guestions have not yet been satisfactorily answered.

So far, il is presumed that the high average body
temperature (up Lo 40° C) of the pigeon is the only factor
m protecting the bird against the discase. Bul there seems
to be no clear-cut answer (21).

In sccking an answer to the above question, we
decided to study the amount of iron i sera and droppings
of pigeons. As aresull we detected high levels of iron in
sera 1n contrast to low amount of iren in dried dropping.
These findings suggest that the pigeon as a healthy carrier
may have a natural resistance, in harboring Cryptococeus

Fig 2. Cryptococeus neofor-
mans colonics on BHIA at
37°C for 5 days. a} Normal fea-
ture, b) From normal saline
suspension, ¢) Afler treatment
with seruim containing iron fess
than 200..2/dl, d) Afler treat-
ment with RA scrum contain-
ing iron less than 200.:p/d],
and ¢} After {reatment witl:
TM serum cortaining iron less
than 200 wg/dl.
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neoformans in gut, due 1o high level of iron in serum.
Once the veast 1s shed in fecal pellets 1t may remain
viable for extended period of time until it 1s inhaled as an
acrosol by humans, specially by those with underlying
disease.

Most workers believe that the primary portal entry of

Cryplococcus neoformans is the respiratory tract and that
the lung serves as a site where dissermination may occur
{12). It can involve almost any organ, but there is
extreme tropism for the central nervous system (CNS)
particularly the meninges. Neurologic involvement has
been imtizl presentation in approximately 80% of the
patients and only 2 nunonty 1s free of signs and symptoms
despite of CNS invoivement, diagnosis however 1s
nonetheless established by examination of cerebrospinal
fluid (CSI).

In humans it was supposed that the orgamsm
probably encounters less cellular (phagoceytic) responsc.
It has been theorized that selective nuiritional factors for
the yeasts are present and the absence of inhibitory factors
repuled to be in serum may play a role here, but

conclusive evidences are lacking (21). Comparison of

normal values of iron and transferrin in human plasma
and CST (22) shows that the amount of ron and
transferrin CSIF s quite low (ron= 1-2pg/dl and
transterrin=14.4 mg/1 } whereas they arc igh in plasma
(iron= 30-130kp/dl, wansferrin=20-40 mg/l). Trans-
formin, which 1s the major ron banding protein of the host
15 known (o provide nonspecific immunity by restriction
of microbial growth through deprivation of iron. tThe
work done by previous investigators (4,3,18,23) and this

study suppart the hypothesis of extreme neurotropism of

the organism, and the reason why pigeen is a healthy
carrier.  [However, the process is more complex and

depends on multiple factors to clearly define the role of

iren in this respect.

Study of enzymatic activities showed igh B-
glicuromdase activity in acapsular yeasts in contrast to
capsular one. This enizyme is necessary in synthesizing
the capselar, fundamental and major extracellular
component as  glucuronoxylomannan, from uridine
diphosphoglucuronic acid (15,17). These data show that
high B-glucuronidase activily enables the acapsular yeasts
to maintain the capsule and reverl to capsular state
(virulens form) if they are subculiured on iron [ree
medium.  This work suggests clearly how this cnzyme
associates indirectly with pathogenests of the organism.

We did not abserve any protease activity in Crypto-
cocens neoformans as demonstrated by Muller and Sethi
24).

Both forms of the veasts had urease activity. The
presence of urease i Crypiococcus neoformans was first
reporied by Seelinger (23) but as vet has not been
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implicated in the pathogenesis of the discase. It is more
likely that the urease-induced release of ammonia,
destroys the host's complement function and which 1n turn
affects the pathogenctic processes
coccosis {206).

Since there were some diflerences between capsular

mvelved in eryplo-

and acapsular forms 1n sugar assimilation, a new field of

study in biotyping strain 1s probably needed in future. It
15 also recommended that the rate of iron in treatment of
eryploceceal infection be further studied.

REFERENCES

1. Schade AL, Carolin L. An iron binding compencnt in
human bload plasma. Science 104: 340-341; 1946,

2. Esterly NB, Brammer SR, Crounse RG. The relationship to
transferrin and iron 1o serum inhibition of C. albicans. J Invest
Dermagol 49: 437-442; 1967,

3. Peterson EA, Katznelson . The cfteet of trace clements on
growth of Helminthosporium and several related species. Can
I Microbioi 2: 441-446; 1956.

4. Steinberg RA. A study of some factors in_chemical
stimulation of the growlh of Aspergillus niger. Am J Bothaoy
G9: 330-372, 1919,

5. King RD, Khan HA, Foje JC, Greenberg JH, Janes HIL
Transterrin, iron. and dmnatoplulc I Serum dermatophyter
inhibitory component definitively identificd an unsaturated
transierrin J Lab Clin Med 86: 204-212; 1973,

6. Atkin CL, Neilands JI3, Phatt 11, Rhodoterulic acid from
species of Leukosporidium, Rhodosporidium, Rhedotorula,
Sporidiabalus, dl)(.{ Sporobolomyces, and a new alanine
cantaining ferrichroma form Cryplocoecus-melibiosum.  J

Bacteriof 103: 722-733; 1970,

7. Elvehjem CA. The role of iron and copper in the growth and
metabolisn of yeast. J Biol Chem 90: 111-1321 1931,

8. Neilands JB. Microbial iron melabolism. A comprehensive
treatise. New York: Acadenie Press; 1974: 283-302.

9. Weinberg ED. Iron and infection. Microbio} Rev 42: 46-66,
1987.

10. Zaini F, Mchbod ASA. The puzzle of the false positive

reaction in €. neoformans' capsular antigen slide latex
apglutination test by sera of patients with rheumatoid arthritis.
Tranian J Public Ilealth 16: 101-110; 1987,

1. Davies RR, Zaini F. Enzymic activitics of Trichophyton
rubrum and the chemotaxis of polymorphonuclear leucocytes.
J Med Vet Mycoi 22: 235-241; 1984,

12. Bolanos BM. Phagocytosis of Cryptocuceus neoformans
by rat alveolar marcrophages. J Med Vet Mycol 27: 203-217,
1989.

13. Tromtling RA, Shadomy 11J, Jacobson SLE. Decreased
virulence in  stable, acapsular mutanls of Cryplococeus
neoformans. Mycopathologia 79: 23-29; 1982.

14. Jaco bson ES, Ajers DJ, Harrell AC, Nicholas CC. Genetic




and phenotypic characterization of capsule mutants of
Cryplococeus neoformans. T Bacteriol 150: 1292-1296; 1982,

15. Jacobson ES. Cryptecoceal UDP-glucose dehydrogenase;
cnzymic contro! of capsular biosynthesis. J Med Vet Mycol 25:
131-135; 1987.

16. Kozel T, Gotschlich E. The capsule of Cryplococcus
neolormans passively inhibits phagocytosis of the yeasts by
macrophages. J Immunol Am Assec of Immunclogy. 129:
1675-1680, 1982

17. Chemiak R, Reiss EME, Stodki RD, Platiner RI2, Bulumer
SD. Strueture and antigenie activity of acapsular polysaccharide
of Cr. ncoformans serotype A. Mol Immunel 17: 1025-1032;
1980,

18. Kozel TR. Non-encapsulated variant of Cryptococcus
neofonnans. II surface reeeplors  for  cryplocoecal
polysaccharide and their role in inhilhilion of phagocytosis by
polysaccharide. Infect Immunol 16: 99-106; 1977

19. Emmonon CW. Natural occurrence of opperiunistic fungi.
Lab Invest 11; 1026-1032; 1962,

20. Schade AL, Caroline L. Row hen egg white and the rolc of
iron in growth inhibition of Shigella dysetriae, Staphylococcus

87

Acta Medica Iranica, Vol 33, Nos 3,4 (1995)

aurcus, Ischerichca coli, and Saccharomyeces ccrevisiac.
Science 100: 14-135; 1944,

21. Rippon JW. Medical Mycology: The pathogenic fungi and
the pathogenic Actinomyeetes. 3rd edition. W.I%. Sunders Co.;
1988: chapter 21.

22. Davidsohn TS. Clinical diapgnosis and management by
laboratory methods, 17th edition.” W.B. Sunders Co.; 1984:
459492,

23, Shiraishi A, Arai T. Antifungal activity of transfcrrin
Subouraudia 17: 79-83; 1979

24. Muller HIz, Sethi KK Proteolylic activity of C?f tococeus
neoformans against human plasma proteins. Med Microbiol
Immunol 158: 129-134; 1972.

25, Seeliger HPR.  Des Kulturell-biochemische and
scrologische Verhallen der Cryplococcus-gruppe,  Ergebn
Mikrobiol 32: 23-72: 19359,

26, Ress E. Molecular immunology of mycolic and
actinoniyeotic infections. New York: Elsevier, 1986.



