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Abstract 

Detection of fungal cells in infected tissue by procedures such as potassium hydroxide ( KOH ) microscopy and histopathology are well-established 
methods in medical mycology. However, microscopy requires skilled personnel, specialized equipment, and may take considerable time to a 
result. An alternative approach is immunoassay for detection of fungal mannans in tissue as a biomarker for the presence of fungal cells. However, 
mannan is a component of the fungal cell wall, and detection of mannan would require a facile means for mannan extraction prior to detection 
by immunoassay. In this study, we evaluated a broad spectrum of extraction reagents using Trichophyton rubrum mycelia and Saccharomyces 
cerevisiae Mnn2 blastoconidia as model fungi. Oxidative release by treatment with dilute bleach proved to be a novel and highly effective 
procedure. Complete extraction occurred in as little as 2-4 min. Detergents, chaotropes, and acid were ineffective. Strong base released mannan 
but was less efficient than oxidative release and required the use of highly corrosive reagents. Oxidative release of cell wall mannans from fungal 
mycelia and blastoconidia may be an effective first step in immunodetection of fungi in tissues from infected humans, animals, or plants that 
could be done at or near the diagnostic point of need. 

Lay summary 

Mannans are components of the fungal cell wall that play a role in disease production and are potential biomarkers for the diagnosis of infection. 
Oxidative release of mannans from intact cell walls is a novel method for mannan extraction that is rapid, uses relatively mild reagents, and 
yields soluble mannans that are readily detected by immunoassay. 
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by immunoassay using monoclonal or polyclonal antibodies 
as detection reagents. 

Many fungal infections are localized in tissues without sys- 
temic spread. Examples include dermatophyte infection, vagi- 
nal candidiasis, fungal keratitis, and rhino-orbital-cerebral 
mucormycosis. The presence of fungi in tissue is determined 
by culture, KOH microscopy, or histopathology. These tradi- 
tional approaches are widely accepted, but may require con- 
siderable time to a result, trained personnel, and laboratory 
infrastructure. An alternative approach would be extraction 
of cell wall mannan from infected tissue and detection of ex- 
tracted mannan by immunoassay. There is considerable prece- 
dent for rapid immunoassay of extractable antigen for the 
detection of microbes in tissue. For example, acid extraction 
followed by neutralization and immunodetection of the cell 
wall polysaccharide of Group A Streptococcus is the basis for 
widely used point-of-care ( POC ) immunoassays for diagnosis 
of streptococcal pharyngitis.22 

Historically, cell wall mannans have been extracted from 

fungi by use of the hot citrate method of Peat.23 Although 
effective, this procedure requires autoclaving of fungi, a pro- 
cedure that is not well suited for field use or the POC. The 
goal of this study was to identify procedures for extraction of 
mannans for subsequent analysis by immunoassay that can be 
done rapidly at the point of diagnostic need. Our results found 
that treatments of fungi with alkali or bleach are effective 
Introduction 

The cell wall of most fungal species has an inner core of
branched β-1,3 and β-1,6 glucan that is linked to chitin via a
β-1,4 linkage.1 The outer layers of the fungal cell wall include
highly mannosylated glycoproteins. Most mannoproteins of
the Ascomycota and Mucorales have an α-1,6 mannose back-
bone.2 , 3 The proteins are modified with N -linked and O -
linked mannans. O -linked mannans have shorter chains of 4-
5 mannose residues, whereas N -linked mannans have a long
outer chain of up to 200 mannose residues with an α-1,6-
linked mannose backbone.4 , 5 Fungal mannoproteins are dec-
orated with sometimes complex side chains that typically in-
clude mannose in the case of Saccharomyces 6 and Candida ,7

galactose in the case of pathogens such as Aspergillus ,8 Histo-
plasma 9 , 10 and Blastomyces ,11 and fucose in the case of many
Mucorales.12 , 13 

Fungal cell wall mannans are shed into body fluids such
as blood and urine during invasive fungal disease. Indeed,
shed mannans have been recognized as biomarkers for ev-
ery invasive infection produced by an ascomycetous fungus
that has been studied to date. Examples include i ) galac-
tomannans ( Gm ) found in serum or urine during aspergillo-
sis,14 , 15 histoplasmosis,9 , 10 blastomycosis,11 coccidioidomy-
cosis,16 and fusariosis,17 , 18 and ii ) mannans ( Mn ) with inva-
sive candidiasis.19 –21 In each case, free mannan was detected
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xtraction procedures. Of these procedures, oxidative release
f mannans is best suited for rapid POC use. 
Two fungi were chosen as model microbes for mannan ex-

raction. Mycelia from Trichophyton rubrum were used as a
epresentative example of a dermatophyte. We also wanted
o determine whether any extraction procedure could have
road applicability across fungi. To this end, cells of Saccha-
omyces cerevisiae Mnn2 were chosen for study because mAb
DA6, which was used to construct the mannan immunoas-
ay, is specific for the α-1,6 mannose found in the backbone
f fungi of the Zygomycetes and Ascomycetes.3 Mnn2 is an S.
erevisiae mutant that lacks side chains and is composed only
f the α-1,6 mannose backbone.24 , 25 As a consequence, mAb
DA6 is highly reactive with Mnn2.3 

aterials and Methods 

ungal Cultures 
richophyton rubrum was purchased from ATCC ( ATCC
438 ) . Trichophyton rubrum was grown in liquid RPMI
640 ( Caisson Laboratories ) with 2% glucose for 14 days
t 25°C on a rotary shaker. Saccharomyces cerevisiae Mnn2
utant ( clone ID 33152 ) was obtained from GE Dharmacon.
east was grown in liquid RPMI 1640 with 2% glucose and
0 μg/ml uridine ( Sigma-Aldrich ) for 48 h at 30°C on a rotary
haker. 

reparation of cells for mannan extraction 

richophyton rubrum cells were separated from the growth
edium with a 0.45 μm filter ( VWR ) . Cells were washed
our times with purified water. Cells of S. cerevisiae Mnn2
ere similarly washed with water over a 0.2 μm filter. All
ells were transferred to 50 ml tubes, washed once with 70%
thanol, once with 85% ethanol, once with 95% ethanol, and
hree times with 100% ethanol. Cells were then washed three
imes with acetone. The acetone-treated cells were dried for
wo days at room temperature. A portion of the dried cells
as cultured to confirm the lack of viability. Dried T. rubrum
ycelia were weighed, resuspended in sterile water, ground

ightly to achieve a homogenous suspension at 1 mg/ml ( Fisher
isposable tissue grinder, 302-542-09 ) , and aliquoted into in-
ividual tubes at 100 μg/aliquot. The dried Mnn2 cells were
imilarly processed, but did not require grinding to remove
lumps. Aliquots of fungal cells were frozen at −20ºC until
se. 

annan extraction 

arious chemicals were tested for the ability to extract man-
an from cell walls of T. rubrum and Mnn2. Mycelia of
. rubrum and Mnn2 yeast cells from frozen aliquots were
ollected by centrifugation ( 2500 × g for 5 min ) . The super-
atant fluid was discarded, and 300 μl of extraction reagent
as added to the cell pellets followed by vortexing. All ex-
ractions were performed at room temperature. After extrac-
ion reagent was added, extraction was allowed to proceed for
0 min. The extraction time was varied for time-course experi-
ents. Extractions were stopped using two different methods:
or treatment using detergents and chaotropes, fungal cells
ere removed from the extraction buffer by centrifugation.
he supernatant was collected for immunoassay testing. For
xtraction with acid, base or oxidizing reagents, extraction
as stopped by adding an appropriate amount of neutraliza-
ion reagent and clarified by centrifugation. The supernatant
uid was collected for immunoassay testing. 

xtraction reagents 
ll reagent solutions were made in 18 Mohm-cm H 2 O. The
etergents sodium dodecyl sulfate ( SDS ) ( Fisher Scientific,
P166-500 ) , 3-[ ( 3-Cholamidopropyl ) dimethylammonio]-1-
ropanesulfonate ( CHAPS Hydrate ) ( Sigma-Aldrich, C3023-
 G ) , hexadecyltrimethylammonium bromide ( CTAB ) ( Sigma
ldrich, H9515-100 G ) and sodium deoxycholate ( Sigma-
ldrich, D6750 ) were each tested at various wt/vol ratios.
ween 20 ( VWR Life Sciences, M147 ) was tested on a
 vol/vol ) basis. The chaotropes lithium acetate ( Acros Or-
anics, 297 110 250 ) and sodium thiocyanate ( Sigma-Aldrich,
51 410 ) were each tested on the basis of molarity. The oxi-
izers sodium hypochlorite ( NaClO ) , hydrogen peroxide and
eracetic acid were each evaluated as vol/vol. Extraction with
he bases sodium hydroxide ( Macron, 7708-06 ) and trisodium
hosphate ( Macron, 7940-04 ) and the acids hydrochloric acid
 Acros Organics, 42379-5000 ) and sulfuric acid ( BDH, 3072 )
ere done on the basis of molarity. 
Supernatant fluids from NaClO-extracted cells were neu-

ralized with a 2-molar excess of sodium thiosulfate pen-
ahydrate ( Acros Organics, 42446-0010 ) . Supernatant fluids
rom base- or acid-treated cells were neutralized with an ex-
ess of PBS, pH 7.4 ( 274 m m NaCl, 5.37 m m KCl, 20.3 m m
a 2 HPO 4 , 3.5 m m KH 2 PO 4 ) . 

etection of mannan by ELISA 

n antigen-capture ELISA in sandwich format was used to
ssess the relative amounts of mannan in extracts from treated
ells. Details of the ELISA have been described.3 Briefly, all
ssays were done using microtiter plates that were coated with
Ab 2DA6 that captured the mannan from the solution. The
lates were incubated with serial dilutions of mannan extract,
ashed, and incubated with horseradish peroxidase-labeled
Ab 2DA6, washed, and incubated with the substrate. mAb
DA6 is reactive with the α-1,6 mannan backbone of the cell
all mannan of the Zygomycetes and Ascomycetes.3 Results
rom the mannan immunoassay are reported as the reciprocal
f the endpoint dilution of extract that produced an OD 450 of
.5 using a log-log plot. 
In all cases, results are shown for one of two similar exper-

ments with similar results. 

esults 

fficiency of various treatments for extraction of 
annan 

ycelia of T. rubrum were treated for 30 min with i ) deter-
ents, ii ) chaotropes, iii ) acid, iv ) base, and v ) oxidizers. The
iters of supernatant fluids from the various extraction pro-
edures were compared with levels of mannan from mycelia
xtracted by use of hot citrate as described by Peat.23 The hot
itrate extraction provided a positive control for the amount
f mannan that can be extracted using a conventional proce-
ure. Mycelia were incubated with water as a negative control.
Treatment of mycelia with the detergents Tween 20,
HAPS, SDS, sodium deoxycholate, and CTAB extracted lit-
le or no mannan ( Fig. 1 ) . Similarly, the chaotropes lithium ac-
tate and sodium thiocyanate and the acids HCl and H 2 SO 4 

ad no ability to extract mannan from mycelia. In contrast,
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Figure 1. Extraction of mannans from mycelia of T. rubrum by treatment for 30 min with detergents, chaotropes, acid, base, and oxidizers. Results are 
reported as the reciprocal titer of supernatant fluid in an antigen-capture ELISA. Upper dashed line – extraction by treatment with hot citrate ( positive 
control ) . Lower dotted line – titer after treatment with water alone ( negative control ) . 

Figure 2. Extraction of mannans from yeast cells of S. cerevisiae Mnn2 by treatment for 30 min with detergent ( CHAPS ) , acid, base, and the oxidizer, 
sodium hypochlorite. Results are reported as the reciprocal titer of supernatant fluid in an antigen-capture ELISA. Dotted line – titer after treatment with 
water alone ( negative control ) . 

 

 

 

 

 

 

 

 

 

3 4 2 4  
treatment with NaOH and Na 3 PO 4 were effective extraction
reagents over the range of 0.015-1.0 M. Finally, the oxidant
NaClO proved highly effective at extraction over the range of
0.063-4% vol/vol. Indeed, the amount of mannan extracted
with NaClO was almost 10 times greater than what was ex-
tracted via the hot citrate method. Two other oxidants, H 2 O 2

and peracetic acid, did not extract mannan from T. rubrum
mycelia. 
Complementary experiments were performed with S.
cerevisiae Mnn2 with selected extraction reagents to de- 
termine if the pattern of mannan extraction observed 
with T. rubrum was also found with a distantly re- 
lated fungus, S. cerevisiae ( Fig. 2 ) . Treatment with the 
detergent CHAPS showed little extraction of mannan.
As with T. rubrum , mannan was extracted by treatment 
with NaOH and Na PO but not with HCl or H SO .
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Figure 3. Impact of treatment time and concentration on extraction of mannan from mycelia of T. rubrum by treatment with sodium hypochlorite and 
sodium hydroxide. Results are reported as the reciprocal titer of supernatant fluid in an antigen-capture ELISA. 
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Figure 4. Impact of treatment time and concentration on extraction of 
mannan from S. cerevisiae Mnn2 cells by treatment with NaClO. Results 
are reported as the reciprocal titer of supernatant fluid in an 
antigen-capture ELISA. 
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inally, NaClO was highly effective in extracting mannan
rom S. cerevisiae Mnn2. 

ffect of treatment time on extraction with NaOH 

nd NaClO 

esults in Figs. 1 and 2 showed the relative amounts of man-
an that were extracted by treatment for 30 min. An im-
unoassay that would be suitable for diagnosis of fungal in-
ection at the point of care would require extraction after a
horter treatment time. To this end, cells of T. rubrum were
reated with various concentrations of NaOH or NaClO for
–16 min. The extracted mannan was then evaluated by mAb
DA6 antigen-capture ELISA. The results ( Fig. 3 ) showed that
reatment with 0.063-4% NaClO produced complete extrac-
ion across the 2-16 min treatment times. In contrast, varia-
ion in treatment time and reagent concentration considerably
mpacted the extent of mannan extraction by NaOH. 
Given the potent ability of NaClO as a mannan extraction

eagent with T. rubrum , we confirmed the results by a deter-
ination of the effect of NaClO concentration and treatment
ime in extraction of mannan from S. cerevisiae Mnn2. The
esults were identical to those obtained with T. rubrum ; treat-
ent with 0.063-4% NaClO produced complete extraction
ver the 2-16 min treatment times ( Fig. 4 ) . 

iscussion 

mmunoassay for circulating fungal mannans is a useful aid
o diagnose a variety of invasive fungal infections including
spergillosis, candidiasis, and the endemic fungi.9 –11 , 14 –21 In 
hese infections, fungal elements are found in multiple tissues,
nd mannan is shed into the circulation and can be detected in
lood or urine. The goal of the present study was to identify
eans for rapid and efficient extraction of mannans from in-
act fungi. Such procedures would be critical to point-of-care
mmunoassays that could be used to directly detect fungi in
linical specimens from patients with suspected onychomyco- 
is, vaginal candidiasis, fungal keratitis, or rhino-ocular cere-
ral mucormycosis. Indeed, immunoassay for extracted man-
an could be a surrogate for the classical KOH microscopy
sed to identify mycelia in tissue. Toward this goal, we evalu-
ted means for extraction of mannans from the dermatophyte
. rubrum and the Mnn2 mutant of S. cerevisiae . Both were
elected as model fungi due to the high reactivity of their man-
ans with mAb 2DA6, which was used for construction of the
ntigen-capture ELISA used in this study for detection of ex-
racted mannans.3 

Two treatments proved particularly effective at extraction
f mannan from the target fungi: alkali and NaClO, house-
old bleach. Alkali soluble fractions of cell wall polysaccha-
ides have been recognized for many years ( reviewed in 26 ) .
or example, NaOH was used to extract galactomannans
rom whole cells of H. capsulatum , P. brasiliensis and B. der-
atitidis .27 Oxidative release of natural glycans was recently
escribed as a means for preparation of N - and O -glucans
rom natural glycoproteins.28 , 29 NaClO selectively degraded
he aglycon portion of native glycoconjugates to release in-
act glycans. Our results extend the spectrum of glycoproteins
usceptible to oxidative release of natural glycans to include
ungal mannoproteins. Oxidative release of mannans also has
he potential to facilitate structural analysis of fungal man-
ans because the treatment yields glycans that are free of pro-
ein.28 

Despite the effectiveness of NaOH as an extraction reagent,
reatment with alkali would have limited value for POC use
ecause the extraction required high concentrations of caustic
xtraction and neutralization reagents. In contrast, oxidative
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release of mannans had many features needed for POC speci-
men treatment. Oxidative release from fungal cells was rapid,
providing complete release over a 2-8 min time frame. More-
over, mannan extraction was accomplished by concentrations
of NaClO as low as 0.06-1%, well below the 5-6% concentra-
tion in household bleach. As a consequence, the process does
not involve use of highly toxic chemicals. Finally, neutraliza-
tion of NaClO was readily accomplished by use of sodium
thiosulfate, which is also a common household and industrial
bleach neutralizer. Sodium thiosulfate has low toxicity and is
a classical antidote to cyanide poisoning.30 

There is an unmet need in the clinic for rapid, POC diag-
nosis of fungal infections. Consequently, methods for POC
mannan extraction followed by immunoassay for diagnosis
of fungal infection would be a valuable tool for public health
and are an area of high interest. Noriki and Ishida recently
described an immunoassay for detection of dermatophytes.31

In this assay, an antigen was extracted from dermatophytes
using non-ionic or zwitterionic surfactants 32 and detected by
use of mAb 0014.31 The antigen detected by mAb 0014 was
determined to be a polysaccharide on the basis of susceptibil-
ity to degradation by periodate and resistance to degradation
by protease.31 Results of the present study, which showed a
failure to extract the α-1,6 mannan detected by mAb 2DA6
with either non-ionic or zwitterionic detergents ( Fig. 1 ) , dif-
ferentiate the mannan biomarker of the present study from
the detergent-extractable carbohydrate described by Noriki.32

An additional difference between the specificity of mAb 2DA6
of the present study and mAb 0014 is the positive reactivity
of mAb 0014 with fixed mycelia of Fusarium oxysporum .31

and the exceedingly poor reactivity of mAb 2DA6 with man-
nan extracted from Fusarium spp.3 To our knowledge, the
present study represents the first systemic experimental analy-
sis of multiple classes of chemical reagents for their efficiency
at extracting mannan from fungi and for their compatibility
with downstream immunoassay detection. 

Finally, a caveat regarding the results should be noted. All
results are based on immunoassay using reactivity with mAb
2DA6 as an indicator for mannan extraction. Our results
do not indicate whether any of the treatments may have al-
tered the mannan or destroyed the epitope recognized by mAb
2DA6. This caveat does not alter our conclusion that base and
NaClO are effective reagents for extraction of mannan that is
reactive in an immunoassay. 

Oxidative release of mannans from intact fungal cells is
a promising technology for identification of the presence of
fungal cells in specimens from human, animal, or plant fun-
gal infections. Our results showed that mannans released by
treatment with NaClO and then neutralized with sodium thio-
sulfate were readily detected in an immunoassay using the
model fungi, T. rubrum and S. cerevisiae Mnn2. The process
was rapid, did not require toxic or caustic reagents, and re-
leased mannans that were readily detected by mannan-specific
immunoassay. These results provide proof of concept for a
potential POC assay for the detection of mycelia in tissue.
The next step will be the translation of this technology into a
point-of-care lateral flow immunoassay diagnostic that com-
bines extraction and detection in a sample-to-answer assay us-
ing clinical specimens. This approach would be analogous to
the well-established POC antigen-detection tests for Group A
streptococcal pharyngitis which use acid for extraction of bac-
terial polysaccharides.33 Future directions for this technology
include the release of mannans from patient specimens with
fungal infections where KOH microscopy is currently used for 
diagnosis of fungal infection, e.g., onychomycosis, fungal ker- 
atitis, or Candida vaginitis. To this end, ongoing studies in 
progress aim to produce mAbs that are specific for mannans 
of the dermatophytes, various species of Candida , Aspergillus,
and members of the Mucorales. A critical component of these 
ongoing studies is a determination of matrix effects on man- 
nan extraction. The goal is a library of diagnostic tests that 
are sensitive, specific, and rapid for the diagnosis of fungal 
infection. 
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