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ABSTRACT
Studies from our laboratory have demonstrated that human CG

(hCG), human LH, (hLH), and an hCG-like protein extracted from
Xanthomonas maltophilia were able to induce Candida albicans transi-
tion from the blastospore to the germ tube stage. In the present study,
we describe the characterization of an hCG-like material extracted
from Candida albicans blastospores (CaCGLP), which is potent in
inducing transition and presumably represents the endogenous transi-
tion-inducing substance.

This material was extracted from Candida albicans blastospores with
glacial acetic acid and purified by affinity chromatography using a
polyclonal rabbit anti-hCG antibody. The product obtained is a 68-
kilodalton single band protein, as analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and Western blot analysis. Under
reduced conditions a protein smear is seen. Amino acid analysis showed
a predominance of glycine (22%), followed by serine (72%), and gluta-

mate (12%).
This protein reacted in the following hCG immunoassays: 1) a

polyclonal rabbit anti-hCG equilibrium assay, 2) a carboxyl-tail hCG
equilibrium assay, 3) two hCG equilibrium assar*s using monoclonal
antibodies (CG no. 4 and CG no. 9), 4) a free a-subunit equilibrium
assay using a monoclonal antibody, and 5) an ultrasensitive immuno-
radiometric assay for hCG which does not cross-react with hLH, nor
the free 0-subunit of hCG. The CaCGLP showed no reaction in a
specific hLH immunoradiometric assay.

When CaCGLP was tested in the transition assay, in the presence
of 4% rat serum, it was found that this protein was 100 times more
potent than hCG in producing Candida albicans transition.

We conclude that Candida albicans produces a protein that has
certain tertiary structure similarities to hCG and that this material is
able to induce germ tube formation. We postulate that CaCGLP has
an autocrine/paracrine effect in Candida albicans as a transition factor
to control its own pathogenicity. (Endocrinology 132: 667-673, 1993)

LJVpIIAL forms of Candida albicans are known to be
I I more associated with pathogenicity in humans and
animal models than the yeast forms (1). Little is known about
the biochemical and molecular basis of the Candida albicans
transition from yeast to hyphae, and genes unique to either
of the forms have not yet been isolated (2). However, envi-
ronmental changes are well k^ìowtì to influence Candida
albicans transition, and several enhancers and inhibitors of
transition have already been described (1). Of particular
interest is the description by Hazen and Cutler (3) of an
autoregulatory substance produced by Candida albicans,
called by these authors, morphogenic autoregulatory sub-
stance. This substance, produced by cultures of high concen-
trations of yeast (108 yeast/ml), was reported to inhibit
Candida albicans transition. To our knowledge, only the ac-
tivity of this substance, measured in culture media, was
described; no further biochemical characterization has been
published.

Recently we described (a) the effects of human CG (hCG),
human LH (hLH) and an hCG-like material isolated from
Xanthomonas malt lphi l ia on Candida albicans transi t ion.  Al l
three proteins stimulated transition with a minimal dose of
100 ng/ml, and also bound with high affinitv nanomolar
Kds to Candida albicans blastospores. Specific hCG and hLH
binding, as well as the effects of hLH and steroids in the
transition of Cattdida albicans, have also been previouslv
publ ished (5,  6) .  Pseudomonas CC is a protein of  -18.5 k i lo-
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dalton (kDa) and exhibits immunologic cîoss-reaction to the
B-subunit of hCG (7). This protein, when added to cultured
Xanthomonas maltlphil ia, causes a dose-dependent change in
both the morphology of the bacteria and the concentration
of bacteria reached at the stationary phase of the growth
cycle (Carrell, D. T., personal communication). The same
bacteria possess a surface binding site which binds hCC, but
not hLH (8), and this site is the only known high affinity
binding site in nature which distinguishes hCG from hLH.

Other authors (9-14) reported, using immunological meth-
ods, the presence of CG-like substances on the surface of
strains of Streptoclccus species [American Typ" Culture Col-
lection (ATCC) 128181, Staphylococcls species (ATCC 19433,
27848), EnterococcLts clli (ATCC 25922), as well as Pseudl-
monas maltophil ia transferred to the genus Xanthomonas as
Xanthomonas maltophil ia IATCC (13637)]. These authors at-
tempted to establish a link between human cancers and the
production of CG-like substances by bacteria, since these
bacteria were obtained from patients with cancer.

The studies reported herein show the characterization of
a protein that exhibits immunological cross-reactivitv with
hCG and is a potent stimulator of Candida albicans transition.
We have named this substance Candida albicans CG-like
protein (CaCGLP). These findings lead us to conclude that
Candida albicans produces a protein that modulates its own
pathogenicity.

Materials and l lethods

Hormone preparations

The purified preparations oí the hormones used, all obtained from
the National Hormone and Pituitarv Prosram of the NIH, were as
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Itlr : _Dose-response curves for purified hcc (cR 127) and for ca-
cGLP. Different concentrations of the cacGLp preparation were used(1-5.00ng/tube). A, Polyclonal antibody rabbit u"ti-f,CC; B, polycional
antibody rabbit anti-hc.G carboxyl taii. The logit/log dose graphs are
shown. The slopes of the lines and the cross-ieactivity data are de-
scribed in the text.

Íollgwl_hcc (CR 127); \LH-B-1 (AFp 0642-8); and free a_subunit of
hcc (cR 123) .

Assoys

Two polyclonal and six monoclonai antibodies were used in our
stud,ies...The polyclonal antibodies were: 1) rabbit anti-hCG (1:500,000
final diiution), which has been used for Tlny years in our ìaboratory
a1t] leyts eq.ually well with intact hcc, hLH, ànd the isolated p-subunít
of hcG; and 2) rabbit anti-hCG carboxvl-tai l  [1:10,000 f inal di lut ion;
the carboxyl-tail RIA has been previously described by Matsuura et al.(1s)1.

The mouse monoclonal antibodies (mAb), air developed in our rabo-
ra to ry ,  were ;  1 )  mAb an t i -CG no .4  (1 : r0 ,000  f i na l  d i l u t i on ) ,  wh ich  i s
an. immunoglobul in 6,  ( lgCr)  that  reacts wi th both intact  hCC and
isolated 1l -subuni t ,  but  does not  react  wi th the f ree rr -subuni t  of  hCG,
int . rct  hLH, or  the f ree carboxvl- ta i l  of  hcc and appears to be di rected
torvard hCG-speci f ic  epi to.pes on the body of  / jhCG subuni t  [ th is ant i_
bodv  has  bee 'n  desc r ibed  p rev ious ry  ( r -6 ) j ; 2 )  mAb an t i -CG no .9
(1 :10 ,000  f i na l  d i l u t i on ) ,  r vh i ch  i s  a l so  an  IgC l  an t ibody  and  does  no t
react  rv i th the f ree a-  or  p-subuni t  of  hCG, but  does reaci  wi th the intact
hCC molecule and intact  hLH; we hvpothesize that  th is ant ibody is
di rc 'c ted against  epi topes oi  intact  hCG'shared bv hLH 1tni ,  

" " t i t ,óa"l . :  "1r_"-  
been previouslv descr ibed (16) l ;  3)  meU ani i_Ci  ; " . - t i

( l : 10 ,000  f i na l  d i l u t i on )  sho rvs  reac t ion  i v i i h  the  rJ -subun i t  o f  hCG anc l
i n tac t  hcc ,  bu t  no  reac t ron  w i th  hLH,  hFSH,  h rsH,  o r  the  t r - subun i t s
of  the pi tu i tarv r r lvcoproteins [ th is ant ibodv has been part ia l lv  descr ibed
pre ' i ous lv  (10 ) l ;  { )  mAb an t r -CCr r ,  r vh i ch , " r ,as  r - r sed 'a t  a  i i na l  c l i l u t i on
, r f  l : 10 ,000  and  sh . r r vs  1 .ócó  c ross - re . r c t i on  rv i th  i n tac t  hCc , . rbou t  l î ó
cross-react ion r . r ' i th  intact  hFSH, hLH, and hrsH, and no cross_react ion
n ' i t h  the  i ree  J -subun i t  o f  hCC [p rev ious l r , . c jescnbed  (1 ; ) ] ;  5 )  mAb an t i_
hLH no.  1,  ivhrch reacts rvr th in lact  hLH int l  hCG and r , r ] i th th"  i ree t r_
subur r i t  I p re ' i ous lv  descnbed  (18 ) ] ;  and  6 )  mAb an t i -hLH no .  12 ,  r vh i ch

èa
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Frc. 2. Equilibrium assays with monocronal antibodies. Dose-response
curves made using hCG (CR 127) and different amounts of CaCGLp
(10-200 ng/ tube).  A,  Monoclonal  mouse ant i -cG no.  4;  B,  monoclonal
mouse ant i -cG no.  9;  c,  monoclonal  mouse ant i -cG a-subuni t .  The
results using the antibody mouse anti-cG no. 21 are not shown. This
antibody did not react with cacGlp. values of the slopes and cross-
reactivity are described in the text,

reacts wi th hLH and-a-subuni t  [a lso previouslv descr ibed (1g)] .
The mAb ant i -h lH no.  1 and mAb ant i -h lH no.  12 were'only used

for the specific hLH immunoradiometric assav (IRMA).

^Al i  equi l ibr ium-tvpe RIAs were convent ionui l t ly  and used , rs l -hcc
(cR 127) wi th a speci f ic  act iv i tv  of  B0-100 pCi/pg,  Radioiodinated hCG
rvas prepared using the chloramine-T method, as modi f ied in our
laboratorv (20).

The IRMA for  hCG has been descnbed in detai l  previously (16).  In
summarv, tn'o antibodies were used in a sandr,vich assav, using an
avid in-biot in-pol lzstvrene separat ion technique.  The ant iboúies react  in
s, lut ion r 'vr th the hCC to^be quantr i ier l ,  and the sandrvich contain ing
the t rvo ant ibodies and hCG r i  remor, 'ed bv means of  an avid in bndg!
io in ing the brot in ant ibodv to the avid in conlugaterJ to polvstvrene.  TÈe
assav rvas pe' r formed in 12 bv 75-rnm glass tesi tubes wìth iné ro i to* in j
condi t ions:  100 gl  sample to be assaved, an g-mm polvstyrene baù
co . r ted  rv i th  av id in .  and  100  p l  bu f fe r  con ta in ing  l% nórma l  mouse

"Èr
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Frc.3. IRMA. A, hCG; B, hLH. In these
ultraspecific double-antibody sandwich
assays, hCG (CR 127), hLH (AFP 0642-
B), and immunopurified CaCGLP were
used. Different amounts of CaCGLP
were used, ranging ftom 2.5-250 ng. The
Candida albicans CG material was only
recognized by the hCG assay (A). The
cross-reactivity is small (0.024%), but B
the sensitivity of the assay is enough to
measure CaCGLP in a dose-response
manner.

l 0

dose

1 0 0  1 0 0 0

of  hCG (pg)

1  0 0 0 0

S a n d w i c h  a s s a y
hLH

10000

serum and 03% BSA containing radioiodinated mAb no. 9 (300,000

cpm) and 0.5 pB biotinylated mAb no. 4. The tubes were incubated

overnight at room temperature and the polystyrene ball was washed

four times and counted for radioactivity in a 7-spectrophotometer (Pack-

ard, Cobra). This is an ultrasensitive IRMA for whole hCC, which does
not cross-react with hLH or the free 0-subunit of hCC.

The specific IRMA for hLH was also described elsewhere (18). This

assuy usès mAb anti-hlH no. 1 and mAb anti-hlH no. 12, and the

conditions are the same as described above.

Yeast cultures

Two stra ins of  Candida alb icans were used: 1)  0 311-a,  ATCC 32354,
and 2) F-16, from a patient with acquired immunodeficiencv svndrome
obtained from the Associated Regional University Pathologists, a com-

mercial laboratorv. Yeast were subcultured from the stock culture in

l iquid media enr iched wi th 12.6 g synthet ic  complete powder [uraci l ,
597 mg; r - -h ist id ine-HCl,597 mg; l -argin ine,597 mg; l -methionine,  597
mg; r - - leucine,  896 mg; r - - isoleucine,  896 mg; r - - lys ine-HCl,  896 mg; r -
phenylalanine,  1.493 g;  r - -g lutamic acid,  2.985 g;  t - -val ine,  4.478 g;  t -

dose of  CaCGLP (ng)
t-Tl---r--l

2 . 5  2 5  2 5 0

---.g_ hLH AFP 0ó42-8
* CsCGLP

120
1 0  1 0 0  1 0 0 0  1 0 0 0 0

dose o f  hLH (pg)

serine, 71.794 g; tryptophan, 19.98 mg; adenine, 19.98 mg; tyrosine,
29.97 mg; threonine, 199.1'5 m& asPartate,99.97 mg; and glucose, 19.99

g (all obtained from Sigma Chemical Co., St. Louis, MO)], 200 g yeast

nitrogen base without amino acids (Difco Laboratories, Detroit, MI)/1

liter double disti l led water.

Protease actiuity of the Candida albicans extracted material

Since proteases may cause degradation of r25l-labeled hormones to
produce interference in equilibrium-tyPe RIAs, the extracted material
was assessed for the presence of proteases in tlvo ways: 1) Protease-

casein substrate gel tablets (Bio-Rad, Richmond, CA) were used to assess

for the presence of proteolysis. The protocol of Bio-Rad was followed
and no proteolysis was detected; 2) The extracted material was incubated

under assav conditions with ttt l-labeled hCG. Total immunoprecipitable
t2sl-hcc was assessed at the beginning and the end of the incubation

to determine the difference in immunoactivitv. For these studies, poly-

c lonal  rabbi t  ant i -hCG was used in excess (1:1,000 f inal  d i lut ion) and
':sl-hCG showed no loss of immunoactivity at the end of the incubation

tlme.
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TABLE 1. Amino acid composition of the Candida aLbicans
CaCGLP and  hCG

CaCGLP ( îó) hcc (eó)

10 .21
2.96

12.28
72.82

* .  /  r )

22.6
6 .22

1 .01
o  r <

|  = n
f t . d  f

2.03
l q î

3 .18
5.99
3.46

hCG amino acid anaiysis
was resolved on a Beckman

as published elsewhere (2a). The CaCGLP
6500 analyzer.

ta <-- 68

<_ 43

<-29
3

k ,  < -  t 8 . 4

<200
<97,4
+68

<43
<29
< lB.4

FIc. 5. Gel electrophoresis and western blotting of the candida atbi-
con.s CG. A, SDS-PAGE I2.5% silver stained. The purified CaCGLp
without mercaptoethanol (nonreduced) shows a band at about 68 kDa
(lane 1). In the presence of mercaptoethanol (reduced), a smeat is seen
(lane 2). Both lanes were loaded with the same amount of CaCGLp (2
pg); B, Western blot analysis of the CaCGLP under nonreduced con-
ditions shows a single reactive band at 68 kDa. The primary antibody
was monoclonal  ant i -CG no.  4 and the second ant ibody was l2sl - rabbi t

antimouse. The markers were run alongside and transblotted together
wi th the cacGLP to the ni t rocel lu lose membrane and used as negat ive
controls. The reduced material did not reacr in the Western blot.

amino acids were resolved on a Beckman 6500 analyzer with Ninhydrin
detection.

C andida aLbicans transitíon

The transition studies were performed using the F-16 strain from the
Associated Regìonal University Pathologists using previously described
techniques of shepherd et al. (22) rvith minor modificationi. Briefly, s
X 10'  aerated Candidt t  a lb icats b lastospores were resuspended in 20 ml
0 .02  rv r  im idazo le -HCl  (pH :6 .6 )  con ta in ing  {% ra t  se rum and  0 .002  v
MnCl2,  p lus the hormone or substance to be tested.  The percentages of
germ tubes and blastospores were determined using a hlmocytJmeter
under optical microscopy. Germ tubes rvere counted when they were as
long as the rv idth of  the blastospore and the percentage determined
count ing 100 veast  e lements.  The var ious hormone concentrat ions were
al l  s tudied in t r ip l icate,  wi th four hemocvtometer readings per tube.  The
four hemocytometer readings , r ,* r .  . r 'érrge' t1,  and the"thrree numbers
obtained rvere used for  stat is t ical  analvsis.

To compare the ei fects of  . . j i f ferent  hormones on Carrr l  i t ln  a lb icarts
t ransi t ion,  data rvere sublected io nonpaired t  test  and analysis of
Vanance .

Purífication oi the CaCGLP

Trventv  g rams c l f  Cr i l tL l i r l r t  r l l l ' i c i t r rs  veas t  ( tn 'o  s t ra ins  done in  separa te
exper iments )  vvere  homogen ized rn . l l . rc i . i l  ace t ic  ac i t i  1  ml /g  veas t  usrng

I

rq
tk

<-- 200
<- 97.4

Aspartate
Threonine
Ser ine
Glutamate
Prol ine
Glycine
Alanine
Val ine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Arginine

8.0
i.1
8.9
i .9

12.2
5.6

i .1
1..1
2 .5
o . o

3.0
2.8
1 .9
I . l

o . o

h C ( ì

C a C ( ì L l l

. l  1  1 0  1 0 0  1 0 0 0  t o o o o  l o o o o o

d o s e  ( n g / r r r l )

Ftc. 4. Dose response of hcG and candida albicans cG on candida
aLbicans transition. Human CG induced transition at a minimal dose
of 100 ng/ml. The smallest effective dose of CaCGLp is 1 ng/ml.
A.sferl.s/r.s show significant differences (P < 0.05) between groups. Bar.s
represent so of the triplicates analyzed.

Sodium dodecyl sulfate-poLyac rltlamide get electrophores is

ISDS-PAGE) studies

Approximately 2 pg purified CaCGLP (method belorv) r'ere analyzed
bv 12.5% SDS-PAGE in a Pharmacia LKB-Phast  svstem. l farkers wìth
a range of  1 '1,300-200,000 kDa (purchased f rom Bio-Rad) rvere also run
in each gel .  Reduced and nonreduced samples * 'ere analvzed.  The gels
' "vere sta ined wi th coomassie blue R-350, and i f  the protein rvas not
v is ib le,  fur ther sta in ing rvas done rv i th an ul t rasensi t ive s i lver  technicìue
fo r  the  LKB-Phas t  Svs tem (21 ) .

For the western blot  studies,  r0 pg caCGLP and nonstained markers
\vere run in a 12.5îó polvacrv lamide gel  under nonreduced and reduced
condi t ions rv i th SDS. The gel  was t ransblot ted onto a ni t rocei lu lose
membrane  (Amersham,  uK)  us ing  the  LKB-Phas t  svs tem b lo t t i ng  ap -
paratus.  The antrbodies used rvere mAb ant i -cG no.  {  ( f inai  d i lút ion
1 :1 ,000) ,  and  ' : s l - rabb i t  an t imouse  an t ibodv  ( {  x  l 0 :  cpmiml ) .  The
membrane \ \ 'as e\posed to an r- ra ' , '  i i l rn (Koi lak,  O\1.{T . \R) for  l_ l  h.

Amino acid anaLt 's i .s

Amino acid. inalvsis r . " .as f ' rer formed af ter  hydroir , 'srs of  l ( )  ,1g protein
r n  - i . 7  r  H C i  c o n t a i n i n q  0 . 1 c ó  p h e n o l  f o r  l { - h ; n  i , , l c : r , ' .  T h e  r e . s u l t i n e

g
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a Brinkman homogenizer. After about 3 min, the crude yeast preparation

was centrifuged at 2,000 rpm for 20 min, and the supematant was snap

frozen and lyophilized (Fìeeze drver 18, Labconco). The powder ob-

tained *u, .éruìpended in 50 ml 5% acetic acid, pH adjusted to 7, and

centrifuged at 2;000 rpm for 20 min to remove proteins which had

precipitàted out. This supernatant was assayed for Pro!9il concentration

by ttre Bradford technique (23), and also further purified-using affinity

chromatographv. Rabbit anti-hCG antisera were purifi{ q. a recom-

binant prótuin A column (Beckman) and coniugated to CNBr-activated

sepharóse (Pharmacia, Piscataway, NJ) for further purification of the

CG-like material. The supernatant was incubated ovemight with the

beads at room temperature mixing end-to-end. After incubation, the

beads were collected in a column, washed with 300 ml PBS, pH 7.4,

and eluted with 3.8 r' l MgCl2, pH 6.8. One-mill i l i ter fractions were

collected and measured for protein concentration by a UV spectrometer

at an oD of 280 nm. six tubes containing protein by uV absorption

were pooled and immediately dialyzed against foul 
cnSLges of 4 l iters

deionized water. The proteirì was subsequently lyophilized and the

powder obtained incubated in chloroform overnight at 4 C to increase

iolubil ity. The chloroform/protein preparation was mixed with acetone

(1:4) and centrifuged at 14,000 rpm. The protein_p"!gt_ob.tained was

air-dried and storea at -20 C. Approximately 1 pg CaCGLP/g wet yeast

was obtained by this Procedure.

Results

CG-Like actiuity of the CaCGLP

Figure 1, A and B, show dose-response curves for purified

nCilCn 727) and. CaCGLP in RIAs using: A) a polyclonal

antibody directed against whole hCG, and B) a poiyclonal

antibody directed against phCG calboxyl-tail. CaCGLP was

used in concentratións ranging from 1-500 ng/tube in the

RIAs. Both equilibrium assays show that an hCG-like reac-

tivity is seen in the cacGLP preparation. Analysis of the

slopes of the lines obtained in a logit/iog dose SIaPh,was
done. The assay using the polyclonal antibody against whole

hcc had slopes (-2.794 for hcG and -1.983 for CacGLP),

not significantly different in the 95% confidence limits. on

the ot-her hand, in the carboxyl-taii assay, the slopes were

significantly different (-2.761 for hcc and -I.283 for

CiCCf-ny. brorr-ruactivity of the two proteins was calculated

at a B/8" of.50%, and the values found were 0.125% (whole

hCG assay) and 1 .25% (carboxyl-tail assay). The reaction

with the anti-carboxyl-tail polyclonal antibody suggests that

there is a region in CaCGLP that exhibits certain homology

with phcG aarboxyl-tail, not present in the hLH molecule.

Figure 2, A B, ànd C, show RIAs using mAbs: A) mAb

anti-tG no. 4, B) mAb anti-CG no. 9, C) mAb anti-a-chain.

Data related to the use of the mAb anti-CG no. 21 are not

shown; this antibody showed no reaction with CaCCLP. In

the three as$ays shown, the slope of the dose response lines

for hCG and CaCGLP were significantly different (-5.48

and -2.48, for  mAb no. 4;  -5.57 and -2.88, for  mAb no'  9;

and. -4.73 and -1.89, for mAb anti-a-chain). The Percent-
ages of cross-reactivitV calculated at a 50% B/8,, were 6.9Vo,

2lS%, and,4.4%, for mAb no. 4, mAb no' 9, and mAb anti-

a-chain, resPectivelY.
Figure 3, A and B, shorv the iRMAs using the purif ied

prep-aration of CaCGLP: A) in the ultrasensitive hCG sand-

ouich assav, and B) in the ultrasensitive hLH sandwich assav.

The pure CaCCLP reacted in a dose-response manner in the

specifi. hCG IRMA, even though the cross-reactivity was

small (0.024%). on the other hand, no reaction was seen in

the specific hLH IRMA (<0.002%).

Amino acid analysis

Table 1 shows the amino acid composition of the CaCGLP.

The table also shows the amino acid composition of hCG, as

published elsewhere (24). A high concentration of glycine

iZZ.On1, giutamate (12.82%), and serine (12'28%) is seen in

the CaCGLP.

Transítion studies

The comparative potencies of hCG and caCGLP in induc-

ing germ túbe formation are shown in Fig. 4. Both Proteins
inéu"ced significant increase in the transition rate. The mini-

mal effectire doses were 100 ng/ml for hCG, and 1 ng/ml

for CaCGLP. The minimal effective dose was defined as the

first dose that ind.uced a significant (P < 0.05) increase in the

number of germ tubes, compared to the effect of rat serum

alone (aboui 20%). Both CaCGLP and hCG were not able to

induce transition in the absence of rat serum (not shown),

suggesting that other unknown-semm substances are needed

ini"rder tó permit induction of the hyphae/germ tube tran-

sition. We Éave previously reported that the following h_o_r-

mones, hFSH, hÌSH, rat and bovine LH, hGH, and hPRL'

did not induce transition when tested in the same assay (4)'

The present results were reProducible in two other experi-

ments not shown.

SDS-PAGE studies

Figure 5A shows the SDS-PAGE of the silver stained

puriíied material extracted from Candida albicans. A single

band corresponding to a mol wt of 68 kDa is seen under

nonreduced conditions. Under reduced conditions, a Smear

is seen, demonstrating that reducing conditions break the

protein in several proàuc!. T!. results obtained wefe the

iun u for the CaCGLP purified from the two different strains

of Candidq albicans studied'
The band seen under nonreduced conditions was Proven

to be CaCGLP, since it reacted with the monoclonal antibody

anti-CG no. 4, as shown by western blot analysis (Fig. 5B).

The reduced material did not react in the Western biot,

probably because of the intense breakage induced by the

ieducing conditions. The nonstained markers were also trans-

blotted Io the same membrane, and also did not react in the

Western blot, thus serving as additional negative controls.

Discussion

The abil ity of Candida albicans blastospores and mem-

branes to bind hCG and LH and the effect of these glvco-

proteins in the Candida albicans transition has been described

fu .* (4) and others (5, 6). A natural protein produced by

Canditla albicans with structural and immunological similar-

it ies to a human giVcoprotein has not been previously de-

scribed. The present paper shor,vs that Candida albicans Pro-
duces an hcG-like material with a mol wt of 68 kDa that is
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able to induce transition and consequentlv transform these
veast into more pathogenic organisms. The reduced form of
this protein did not allow us to concrude that a subunit
structure exists. This form rvas not immunologicailv recog-
nized, whereas the nonreduced protein reacted in a westein
biot, showing a band in the same position seen in the sDS-
PAGE.

. Tlu_qg:sibil i tv of this protein being the naturai l igand of
the CG/LH receptor rn Candida albicans remains to be stud-
ied, but these results suggest that Candidtt albican s can control
its own pathogenicity. Estabiishing the importance of the
production and expression of caCGLp \n Canclida albicans
infections could be a promising and interesting l ine of re-
search. Also, further characterization of the protein and
determination of the gene sequence could open ihe possibil-
it i , of better understanding of Cantlidn nlbicttis pathogenicitv,
as well as offering valuable information concerning evolution
of the hCC genes.

The purif ied CaCGLP reacted in two poivclonal and three
monoclonal equil ibrium assays developèd for the measure-
ment of hcG. The reactivity shown impricates the presence
of some epitope similarit ies between caCct-p and hCG. The
unexpected reaction of the pure form of this protein on the
ultrasensitive hCG specific sandwich assav, which does not
react with hLH, could also indicate that a slight tertiarv
structure homology with hcG is present. It is interesting tó
point out that it would appear that caCGLp is an hCG ànd
not an hlH-like protein since: 1) it reacts with an antibody
directed against the COOH-tail, not present in hLH; 2) ít
reacts in an ultrasensitive hCG IRMA, which is specific for
intact hCG; and 3) it does not react in a specific hiH IRMA.

studies from our laboratory show that xanthomonas mal-
tophil ia produce an hcG-like protein which is immunologi-
cally similar to the p-subunit of hcc (7). The physiologiJal
action of this protein is not completely tr.,durétood, but
further studies show that when adàed to culture d xantho-
m0n0s maltophil ia, both morphology and the concentration
of bacteria reached at the stationàry phase of the growth

1v9ie 
were changed (Carrell, D. T., personal communication;.

other microorganisms have been reported to produce hcG-
like materials, but physiological aciions of tÀese materials
have not been described (9-14).

In summarv, we describe the characterization of a CG-like
protein present rn Candidn albicans that is able to induce
transition from veast to hvphae forms. lve postulate that
Citttt l idn albicans can modifv its orvn pathogenicitr,.
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This program will present and discuss recent developments in the study of the male gonad with particular
emphasis on testicular somatic cells, their regulation, functions, and interactions. Several lectures on
peripheral actions of male sex hormones and on male germ cells will also be included.

Invited sPeakers include: Terry Brown, Gloria Callard, Marco Conti, Jennifer Dorrington, Maria Dufau, E.
M. Eddy, James Griffin, Michael Griswold, Ilpo Huhtaniemi, Fernand Labrie, Hennie Mather, Joanne Orth,
Martti Parvin, Anita Payne, Dirk de Rooij, Lonnie Russell, Barbara Sanborn, Anna Steinberger, David Wildt,
and William Wright. Chairman: Andrezj Bartke, Ph.D.

For information regarding brochure, registration, and poster abstract forms, please contact Bruce K. Burnett,
Ph.D., Serono Symposia, USA, 100 Longwater Circle, Norwell, Massachusetts 0206I. Tel 800-283-8088,
617 -982-9000, or Fax 61 7 -982-9487.


