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VIRULENCE FACTORS IN ESCHERICHIA COLI ISOLATED FROM BLOOD AND
' - CEREBROSPINAL FLUID

Angela Maria Girardi Dias

Elena Kano

Leda Kano Nakahara

Sucli Aparecida Fernandes

Maria Aidé Mitico Fukushima Kato
Kinue Irino

SUMMARY

Strains of Escherichia coli from the normal intestinal flora of man are responsible
for a variety of extraintestinal infcctions. Numecrous investigations have been carricd
out to establish which factors can be used to define virulence among these microorgan-
isms. In the present paper, the presence of O, H and K1 antigens and the production of
hemolysin, acrobactin and colicin were investigated to evaluate virulence among 111
E.coli strains isolatcd from blood (75 strains) and cerebrospinal fluid (36 strains) of in-
paticnts. 75.67% of the isolatcs were classificd into 26 scrogroups subdivided into 40
scrotypes; 27.02% presented K1 antigen, 39.64% were hemolytic, 74.78% produced
acrobactin and 29.46% wecre colicinogenic, colicin V positive bacteria being the most
frequent ones. The majority of both blood and cercbrospinal fluid E. coli isolates were
classificd as scrogroup 06; the most frequent serotype detected was 06:1131.

Key words: Escherichia coli, serotypes, virulence factors,

INTRODUCTION

* Within the group of bacteria associated with
extraintestinal infections (EX), Escherichia coli is
the commonest specics. These microorganisms are
typically found in the normal intestinal flora and
the development of IE depends on both predispos-
ing factors of the host and virulence factors of the
bacteria. Certain O and K antigens as well as he-
molysin, siderophore and colicin production arc
considered possible virulence factors.

The prevalence of some O antigens and the
frequency of some K antigens have been associat-
ed with ElI E.coli virulence. Among the K anti-

gens, K1 is a particularly relevant one since it has
been identificd in most isolates from cascs of men-
ingitis, scpticcmia and pyelonephritis 1n children
(11, 26, 30, 33).

The sceretion of hemolysin (3, 5, 24) and coli-
cin (14, 24) is more common among EI isolatcs
than among isolates from facces. Besides the pro-
duction of a siderophore of the hydroxamate type,
acrobactin (4, 8, 21, 25, 27) has also bcen detected
in a significant proportion of EI strains.

In the present study, some of the characteris-
tics associated with EI E.coli virulence, namely:
the presence of O, H and K surface antigens and
the production of hemolysin, acrobactin and coli-

Bacteriology Department; "Adolfo Lutz" Institute, Avenida Dr. Amaldo, 355 - 9a, CEP - 01246, S3o Paulo, Brazil.
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cin; were investigated among E.coli isolates from
human blood and cerebrospinal fluid.
MATERIALS AND METHODS
Bacterial strains
111 strains of E.coli derived from blood (75

strains) and cerebrospinal fluid (36 strains) of hos-
pitalized patients were studied. Strains were isolat-

Rev. Microbiol., Sio Paulo, 25(2); 1994

man), The presence of a clear zone of erythrocyte

. lysis around the colonies after 24 hours of incuba-

tion at 37°C was recorded as a positive result for
hemolysin secretion.

Aerobactin Production

Strains were cultured for 10 days in M9 mini-
mum medium supplemented with 2% glucose, 5%
casaminoacids and 169 mM a-dipiridil (Sigma)
The production of acrobactin was determined in

ed from the collected specimens in the Bacteriolo-
gy Department of the "Adolfo Lutz" Institute, Sdo
Paulo, Brazil, during the Janvary 1985 to Decem-
ber 1989 period.

Identification of surface antigens

All antisera used for screening were prepared
in the Bacteriology Department of the "Adolfo
Lutz" Institute.
~ Detection of O antigen - Identification of O
antigen was done by the tube agglutination test
(16). Initially, all strains were screened with 15 an-
tisera against serogroups 01, 02, 04, 06, 07, 08, 09,
011, 016, 018, 022, 025, 062, 075 and 083, which
are the most frequently associated with EI infec-
tions (28, 29). Strains that did not present a clcar
agglutination rcaction with these antiscra were
tested with 51 other antiscra.

Detection of H antigen - Strains positive for
O antigen were grown in scmi-solid agar to pro-
mote activation of [lagellar antigens and then sub-
mitted to the slide agglutination test with 6 poliv-
alent antiscra (against antigens H1 to H56), as
described by GROSS & ROWE (16). Subsequent
to the slide agglutination test with one of these

polyvalent antisera, H antigen determination was:

carried out by tube agglutination test usmg polyva-
lent antiscra.

Detection of K1 antigen - Isolatcd strains
were cultured in Worfel-Ferguson (6) agar. The
presence of K1 antigen was determined by slide
agglutination tests using K1 antiscrum and con-
firmed with group B Neisseria meningitidis anti-
scrum, since the immunologica!l identity of K1 an-
tigen with the capsular antigen of this bacterial
group is now well established (2, 31).

Hemolysin Production

Strains were grown on trypticase soy agar
plates containing 5% defibrinated blood (from

sheep, horse, guinea pig, rabbit ox, chicken or -
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the same medium containing 1% agar using LG
1522 strain as indicator (8).

Colicin Production

The production of colicin was screened by the
overlay method (18) using CL-104 and BZB-1011

I 10

E. colz strains as coligenicity indicators. Identifi-

* cation of the type of colicin secreted was based on

the same methodology using 16.reference strains,
each being resistant to different colicins of the fol-
lowing types: A, B, El, E2, E3, E4, E5, E6, E7,

a, b, K, M, N,V (1,.14,17).

RESULTS

The frequency of production of five possible
virulence factors among the isolated E.coli strains
is shown in Table. 1. Strains from both blood and
cercbrospinal fluid presented smooth O antigen.
K1 antigen was detected in 29.33% of the blood
derived bacteria and in 22.22% of the cercbrospi-
nal fluid (CSF) isolates. Out of the 22 K1-positive
blood (BL) isolates, 9 (40.80%) were obtained
from children of up té 5 years of age and 13
(59.17%) from adults; 5 out of the 8 strains
(62.50%)- isolated from cercbrospinal fluid were
obtained from nconates. :

Hemolysin 'secretion. was dctccted in 42.67%
of the BL isolates and 33.33% of the CSF iso-
lates, rcgardlcss of the type of blood used in the
assay.

Acxobactm production was the second most
frequent virulence factor present in 74.67% of the
strains isolated from blood and in 75 0% of the
CSF derived bacteria.

The percentage distributions of colicin pro-
duction among BL and CSF isolates were 24.0%
and 41.67%, respectively. The most frequent coli-
cin types were K and V. It is interesting to note
that out of the 15 colicinogenic CSF strains, 7
(46.67%) sccreted V colicin.
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TABLE 1 - Frequency of production of virulence factors among E. coli strains according to their sources.

Virulence factors
Source Ne O* antigen K, antigen Hemolysin Aerobactin Colicin
Blood 75 75 22 32 56 18
(100%) (29,33%) (42,67%) (74,67%) (24,00%)
CS[** 36 36 08 12 27 15
(100%) (22,22%) (33,33%) (75,00%) (41,67%)
Total 111 111 30 44 83 33
(100%) (27,03%) (39,64%) (74,71%) (29,73%)

¥ Smooth 0 antigen
**  Cerebrospinal fluid

Table 2 shows the frequency of serotypes (O
and H antigens) identified among the 111 strains
studied. Twenty six O antigens were identified in
84 (75.67%) strains. Serogroup 06 was detected in
a large number of strains isolated from both blood
and cerebrospinal fluid (total of 22 strains). Sero-
groups 021 (6 strains), 015 (5 strains), 01, 04, 07,
018 and 025 (4 strains each) and 02, 020 and 075
(3 strains each) represented 47.61% of all typable
strains. A total of 40 scrotypes were identified. We
would like to point out that 17 (77.25%) out of the
22 strains from serogroup 06 belonged to 06:H31

TABLE 2 - E. coli serotypes (O and H antigens) identified
among isolates from blood and CSF.

Number of strains

serotype and that the serogroup 021 strains were
positive for H5 antigen.

Considering the presence of K1 antigen and
the production of hemolysin, aerobactin and coli-
cin as virulence factors in connection with sero-
type distribution among the 111 E.coli strains ana-
lysed, it can be seen that the majority of them
were positive for one to three of these factors,
which did not exhibit serogroup or serotype speci-
ficity. Within the serogroup 06 isolates, that repre-
sent the majority of the 111 E coli obtained, a

TABLE 3 - Frequency of production of hemolysin and/or
acrobactin in E. coli serogroups isolated from blood or cere-
brospinal fluid.

Number of strains

Serogroups Total Hemolysint+ Aerobactin+ Aerobactin and

Serotypes Total Blood CSF * Hemolysin+
01:17 2 2 0 01 2 0 1 1
02:114 3 2 1 04 4 0 0 4
04:11- 4 4 0 06 22 6 2 14
06:11- 2 1 1 07 4 0 4 0
06:111 3 3 0 09 2 0 2 0
06:H31 17 1 6 015 4 1 3 0
07:H- 4 3 1 016 2 0 0 2
09:H- 2 1 1 018 4 1 1 2
015:H- 2 1 1 020 3 0 3 0
015:H10 2 1 1 021 6 1 0 5
018:11- 3 1 2 025 3 0 2 1
020:1I- 2 0 2 075 3 1 2 0
021:115 6 5 1 0111 2 0 2 0
025:11- 3 2 1 0153 2 0 2 0
075:H- 3 1 2 0158 2 0 2 0
0111:.11- 2 2 0 Others* 9 0 9 0
Others** 24 19 5 ND 20 1 15 4
Total 84 59 25 Total 94 11 50 33

*  Cerebrospinal fluid
- ¥* 24 different serotypes represented by one strain each

* 9 serogroups represented by one strain each
** No typable
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great variability of virulence factors was obscrved;
most of them (19 out of 22 strains) were positive
for at lcast two of the factors investigated.

The analysis of the frequency of hemolysin
and aerobactin production, alone or in association,
in relation to serogroups is presented in Table 3. It
was obscrved that 94 out of the 111 strains
(84.68%) could be placed in one of the alterna-
tives. It was also obscrved that, out of the 33
strains of the most {requent serogroups (06, 021
and 015), 32 (96.97%) presented one out of the

Rev. Microbiol., Sio Paulo, 25(2), 1994

Among the serogroups most frequently asso-
ciated with X1 antigen, 01, 06, 07, 016 and 018
arc of rclevance in America (13, 15, 23, 32). The
same¢ O groups are found in Europe with small
variations, such as the inclusion of scrogroup 04
and the observation that, most of the time, sero-
group 06 is found in association with K2 antigen
and not with K1 (20). K1 antigen has been detect-
ed in strains that belong to all of these serotypes
and also to 028, 045 and 0158 scrogroups. -

The presently reported distribution of hemo-

three alternatives mentioned above,

DISCUSSION

The majority of E. coli strains associatcd with
EI have been described as part of a relatively small
number of scrogroups (28, 29). In the present study,
65.48% of the strains had O antigen identified
among 15 scrogroups associatcd with EL

Scrogroup 06 has been identificd as the most
frequent onc among E. coli strains isolated [rom
blood both in the U.S.A. (13, 22, 34) and in Eng-
land (10), and our data arc in accordancc with this
findings. In Denmark, 06 is the third most [re-
quently isolated scrogroup. On the other hand, se-
rogroup 06 was the fourth most frcquent onc ac-
cording to a study on nconatal mcningitis in the
U.S.A. yet it was absent in CSF isolates analysed
in England.

The most frequent scrotype was 06:H31.
Studics carricd out in scveral countrics also indi-
cated the presence of this scrotype, though not at
the frequency presently reported.

Among the strains isolated from blood,
055:H-, 055:H6 and 0111:H- arc thc most com-
monly associaled with gastrocnteritis in children.
Since these scrotypes have been isolated [rom
blood of two ycars old children, it is possible that
the bloodstrcam invasion followed a gastrointosti-
nal infcction. The same possibly occurred with
scrotypes 028:H- and 0143:H- which may bclong
to the FE.coli group called cntcroinvasive or
"EIEC" (19, 29).

In the present study, it was verificd that all
strains of scrogroups 04, 07, 016 and 018, indcpen-
dently of the material from which they werc isolated
and of the scrotypes to which they belonged, exhibit-
cd K1 antigen; additionally, 50.0% of the strains
from scrogroup 06 presented this antigen. K1 was
detected at a frequency compatible with that de-
scribed in the literature (13), but the usc of other K
antiscra is important to characterize all K antigens.

80

lysin production is in accordance with that de- .
scribed in the literature (15, 20). Hemolytic strains
belong primarily, but not exclusively, to 04, 06,
018 and 075 scrogroups (9, 12, 15, 18). Among
the samples evaluated in this study, these scro-
groups accounted for 63.64% of the hemolytic

~ strains. We would like to comment that all strains

of scrogroup 021 and 20 out of the 22 strains of
scrogroup 06 were hemolytic.

The majority of the E.coli isolates analysed
synthetized acrobactin. Similar resulls have been
found in other studies (7, 25, 27). Of the 33
strains that belonged to the most frequent scro-
groups (06, 021, and 015), 24 (72.72%) werc acr-
obactin producers.

Hemolysin and acrobactin are necessary for
E. coli 10 obtain the iron required for survival (27)
and the high ratc of strains which were hemolytic,
acrobactin positive or both probably reflects the
important rolc of these moleculcs.

Among the colicin positive bacteria investi-
gated, colicin V was produccd more [requently.
The majority of the colicin V producing strains
were isolated from cercbrospinal fluid. No rcla-
tionship between type of colicin and scrotype was
found, confirming the rcsults presented by
HETTIARATCHY ct alii (17).

The data obtained in this study showed that
some of the factors investigates are more fre-
quent than others and that this frequency may
vary depending on the source of matcrial used for
E. coli isolation and on the paticnt's age. Besides
the factors analysed, many othcr possible viru-
lence factors should be evaluated aiming at a
morc comprehensive elucidation of the pathogen-
ic mechanisms of E.coli strains involved in ¢x-
traintestinal infections.
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RESUMO

Fatores de viruléncia em Escherichia coli
isolado de sangue e liquor

E. coli da f{lora normal do intestino humano
pode contaminar, colonizar ¢ subscquentemente
causar infecgBes extra-intestinais scndo um dos
principais agentes etiolégicos de scpticemias, me-
ningites ¢ infecgdes do trato urindrio. Numerosas
investigagdes tem sido desenvolvidas a [im de de-
{inir os fatores de viruléncia destcs microrganis-
mos. Dcntre estes fatorecs foram pesquisados
antigenos de superficie (0, H, K1), hemolisina,
" acrobactina ¢ colicina em 111 ccpas de E. coli iso-
ladas de sanguc (75 cepas) ¢ liquido cefalorraqui-
diano (36 cepas) de pacicntes hospitalizados. Ve-
rificou-s¢ que 75,67% (84 cepas) das ccpas foram
classificadas sorologicamente cm 26 sOrogrupos
subdivididos em 40 sorotipos; 27,02% (30 ccpas)
apresentavam o antigeno K1; 39,64% (44 cepas)
eram hemoliticas; 74,78% (84 ccpas) produziram
acrobactina ¢ 29, 46% (33 cepas) eram colicino-
glnicas, sendo que entre oS tipos pesquisados, a
colicina V foi a mais frequente. O sorogrupo iden-
tificado em um maior ndmero de ccpas, isoladas
tanto dc sanguc como de liquido cclalorraquidia-
no, foi 06 ¢ o sorotipo mais {requente o 06:H31.

Palavras-chave: Escherichia coli, sorotipos, fa-
tores dc viruléncia.
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INF LUENCE OF LECTINS ON ADHESION OF STREPTOCOCCUS SALIVARIUS TO
BUCCAL EPITHELIAL CELLS

Maria Regina Lorenzetti Simionato
Marcia Pinto Alves Mayer

Silvana Cai

José Luiz de Lorenzo

Flavio Zelante

SUMMARY

~ Inthis study, the influence of pretreating buccal epithelial cells with purified prep-
arations of lectins extracted from food on §. salivarius ccll adhesion was investigated.
All Iectins Icad to an increase in the number of adhered bacteria, except for the lectin
from potato, suggesting that dictary lectins may play an important role on buccal colo-

nization by S. salivarius.

Key words: lectins, S. salivarius, attachment, buccal epithelial cells.

Streptococcus salivarius is a pioneer coloniz-
er of the mouth, which is present in high propor-
tions on oral epithelial surfaces (11) due to the
high affinity binding between adhesins of its su-
perficial fibrils and rcceptors on epithelial cells
(7). This specie plays an important role in oral
ecological interactions by producing a varicty of
bacteriocin-like and other inhibitory substances
(4, 10). Several substances, such as lectins, are
able to modify the adhesive interactions betwecen
bacteria and host cither by inhibiting or by pro-
moting adhesion (5). Lectins are a class of pro-
tcins ‘which . bind to specilic carbohydrates (2)
present on oral surfaces. Many food contain com-
plex: mixtures of lecting and their ingestion may
affect host-parasitc intcractions in the mouth (5,
9), though their ecological role has not been well
established yet. The present report. describes the
influence of lecting on the adhesion of §. salivari-
us to buccal epithelial cclls.

The sclected lecting were purified prepara-
tions from Arachis hypogaea (peanut), Canavalia
ensiformis (jack bean - producer of concanavalin
A), Glycine max (soybean), Lens culinaris (lentil),
Lycopersicon esculentum (tomato), Perseau ameri-
cana (avocado), Phascolus vulgaris (kidney bean),
Pisum sativum (garden pea), Solanum tuberosum
(potato) and Triticam vulgaris (wheat germ) pur-
chased from Sigma Chemical Co. (USA). The
strain of S. salivarius used in this study was a re-
cent isolate from buccal mucosal surface and iden-
tified according to Hardie (8) and Coykendall (3).
Stock cultures were made in 50% glycerol and fro-
zen at -20°C until use. For the adhesion experi-
ments, S. salivarius was grown in Tryptic Soy
Broth (TSB, Difco) at 37°C for 16-20 h. The or-
ganism was harvested by centrifugation (5.000 X
g, 4°C, 10 min), washed twice in phosphate buf-
fered saline (PBS) pH 7.2, and resuspended in the
same buffer at a concentration of 1x108 CFU/ml.

Departamento.de Microbiologia, Instituto de Ciéncias Biomédicas, USP.
Av. Prof. Lincu Prcstcs no 1374, Cidade Universitdria, Sdo Paulo, SP., Brasil. Caixa Postal 66208, CEP 05508-900.

83



Simionato, M. S.J. . et al

Buccal epithelial cells (BECs) were obtained
by gently scraping the buccal mucosal surface of a
volunteer with a sterile wooden spatula. The epi-
thelial cells were dissociated in PBS, harvested by
centrifugation (1.000 X g, 4°C, 10 min) washed
twice and resuspended in PBS to 1x10° epithclial
cclls/ml. BECs were pretreated with each one of
the Icctins at a final concentration of 25 pg/mi for
30 min at 37°C on a rotary device (10 rpm) and
then washed twice prior to use (G).

For the assay, equal volumcs of each pretreat-
ed BECs and bacterial suspensions were mixed
and incubated for 60 min at 37°C on a rotary de-
vice. Next, the mixturcs were washed with 100 ml
of PBS through 8 um membrane filters (Millipore)
to remove unattached bacteria and the epithelial
cclls with adhcrent bacteria then collected on the
membrane surfaces. The filters were gently
pressed onto slides to transfer BECs, which were
fixed and staincd with crystal violct.

All experiments were run in doplicate. Results
were cxpressed as mean bacteria/BEC basced on
microscopical counts of 25 randomly sclected cpi-
thelial cells for cach of the duplicate sct of rcac-
tion mixturcs (n=50). As control, the numbers of
S. salivarius present on cpithelial cells not pre-
trcated with lecting were also determined follow-

TABLE 1 - Influence of lectins on adhesion of S. salivarius
10 buccal cpithelial cells (BECs) pretreated with 25)g of cach
lectin.

Averagenoofadhered  Percentage

significant difference (p<0.001)
significant difference (p<0.05)

Lectins from: bacteria/BEC (n=50) in rclation to
(xtsd)» control

Arachis hipogaea (pcanut) 131,54 £ 91.63* 208.20

Canavalia ensiformis

(jack bean)b 119.58 £ 67.30* 189.27

Glycine max (soybean) 137.02 £ 137.52* 216.87

Lens culinaris (lentil) 213.58 £ 176.72* 338.05

Lycopersicon esculentum

(tomato) 188.80 + 128.29% 298.83

Perseau americana

(avocado) . 189.22 £ 103.94* 299.49

Phaseolus vulgaris

(Kidney bean) 24492 £ 178.48* 387.65

Pisumsativum (gardenpea)  98.94 £71.76%* 156.60

Solanumtuberosum(potato)  39.80 £ 22.92% 62.99

Triticum vulgaris (wheat

germ) 232.02 £ 130.92* 367.24

Control 63.18 £35.92 100.00

a = mean * standard deviation

b = produccr of concanavalin A

* —
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ing the same procedure. The statistical analysis of
the data was done using a paired t-test (signifi-
cance level at p<0.05)

In spite of the different sugar specificities of
the lectins studicd, all of them significantly influ-
enced S. salivarius cell adhesion (Table 1).

Lectins are carbohydrate binding proteins that
have two critical propertics: specificity for particu-
lar sugar residues and bivalence or polyvalence
(2). Due to the first property, many lectins have
the potential to become associated with epithelial
surfaces and persist in the oral cavity until 6h after
ingestion (6), binding mainly to glycoprotcins,
Duc to their polyvalence, lectins are able to inhibit
or promote bacterial attachment to ccll surfaces.
The results obtained in the present investigation
strongly support these views.

Lectins from peanut, soybean, lentil, tomato,
avocado, kidney bean, garden pea, wheat germ,
and concanavalin A promoted an incrcase in at-
tachment to cells by this organism at dilfercnt lov-
cls. The greatest influcnce was associatcd with
Phascolus vulgaris (kidncy bean) lectin. This ¢n-
hanced adherence could be explained by the poly-
valence of these lecting which, by binding to cpi-
thelial cells, must offer a high number of receptors
to §. salivarius.

Solanum tubcrosum (potato) lcctin was the
only onc which causcd inhibition of S. salivarius
attachment. Such inhibition may be due to an in-
teraction between the lecting and receptors for the
bactcria on mouth surfaces thus masking bacterial
binding sitcs. Other authors have alrcady reported
inhibition of adhesion by dictary lectins (5, 12)
but, in spite of the frequency of ingestion of die-
tary lectins and their probable ecological conse-
quenccs, no studics on S.salivarius ccll attachment
arc found in the literature.

Diffcrences on adhesion presumably reflect
diffcrent numbers of available rcceptors for the
lectins on BECs, or dilferent alfinitics of the lcc-
tins for the receptors present, or both, Other fac-
tors such as valency of lectins, their configuration
and unlike affinitics for the bacteria may also have
influcnced the results (1).

Gibbons ¢ Dankers (6) have reported signifi-
cantly highcr numbers of S. sanguis attached to
buccal cells collected from donors who had cat-
cn wheat germ, compared to buccal cells collect-
cd before cating. Therefore, sulficicnt quantitics
of wheat germ lectin become associated to oral
cpithelial cells in vivo during eating so as to af-
fect bacterial attachment, Whether this occurs
with all lectins thercby modifying the coloniza-
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tion of S. salivarius or other bacteria, remains to
be determinged.

The authors wish to thank Fundagfio de Am-
paro & Pesquisa do Estado de Sdo Paulo (FAPESP)
for the financial support (Proccss 90/0605-1).

RESUMO

Influéncia de lectinas na adesao de Streptococcus
salivarius a cflulas epiteliais bucais

Foi verificada a influéncia do pré-tratamento
de células epitcliais bucais com preparagdes purifi-
cadas de lcctinas extrafdas dc alimentos na adesfio
dc S. salivarius. Todas as lcctinas promoveram um
aumento do nimero dc células aderidas, com
excegilo da lectina de batata, sugerindo que lecti-
nas derivadas da dicta podem dcscmpenhar impor-
tante papel na colonizagfio de S. salivarius.

Palavras-chave: lectinas, 8. salivarius, adcsio,
células cpitcliais bucais.
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ANTIGENIC RELATIONSHIPS OF ISOLATES OF BORDETELLA BRONCHISEPTICA
FROM SWINE WITH ATROPHIC RHINITIS

Paulo R.S. Martins
Carlos Gil-Turnes*

 SUMMARY

The antigenic relationships of twenty Bordetella bronchiseptica isolates recovered
from pigs with atrophic rhinitis were studied using a quantitative seroagglutination
test. Scra against each isolate were produced in rabbits and their titers determined us-
ing homologous and hcterologous antigens. Titers: of twelve scra that cross-reacted
were also determined after absorption with heterologous isolates. Antigenic rclation-
ships were estimated using cross-rcactivity indices. Two isolates showed marked
cross-reactivity with sixteen of the other isolates whereas one cross-reacted with none.

It was concluded that B. bronchiseptica recovered from swine is not antigenically ho-
mogencous. The relevance of these obscrvations to epidemiological and 1mmuno-

prophylactic studies is discussed.

Key words: Bordetella bronchiseptica, cross-reactivity indices, atrophic rhinitis.

INTRODUCTION

Bordetella bronchiseptica has bcen consid-
ercd a primary cause of porcine atrophic rhinitis
(6, 13), a discase that causes severe cconomic loss-
es due to mortality or poor {food conversion (2).

The antigenic heterogencity of B. bronchisep-
tica detected by scroagglutination has alrcady
been demonstrated (10,11,12,13). No work has
been reported, however, concerning isolates of
this bacterium recovered from swine with atroph-
ic thinitis.

Eldering, Hornbeck and Baker (4) analysed
the antigenic relationships of six B. bronchisepti-
ca isolates by scroagglutination using absorbed
scra and concluded that four were antigenically
identical while the other two differed by onc or
more antigens, Nakase (9) and Pedersen (10)

studicd the antigenic characteristics of isolates re-
covered from several specics and found that
whercas differences could be detectcd among
samples from other specics, isolates [rom the
same specics were antigenically identical. Cristi-
na Affonso et al. (3) evaluatcd vaccine-induced
cross protection using isolates recovered from
rabbits as antigens, and concluded that the ob-
served dissimilar protection indices suggested an-
tigenic variations among the isolatcs.

In Brazil, where total pig livestocks amount
to approximately 35 million animals, porcine
atrophic rhinitis was first diagnosed in 1963 (7).
Since 1978, work on Bordetella bronchiseptica
has increased in this country, aiming especially at
developing cfficient vaccines for disease control
(11). The irregular response to vaccines produced
with autoctonous isolates as well as to imported

Universidade Federal de Pelotas, Faculdade de Veterindra - UFPEL-Faculdade dc Veterindria, Caixa Postal 354, Campus

Universitdrio, 96010-900, Pelotas, RS, Brasil.
* To whom reprints should be requested.
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commercial vaccines raised the hypothesis of an-
tigenic variation between isolates rccovered from
different herds.

This paper reports on the antigenic rclation-
ships of twenty isolates of B. bronchiseptica ob-
served using a quantitative seroagglutination
technique.

MATERIALS AND METHODS
Isolates

Twenty isolates of B. bronchiseptica recov-
ercd from swine with atrophic rhinitis that be-
longed to different herds were used. Nincteen sam-
ples were recovered from herds in the state of
Santa Catarina (SC), Brazil, as follows: 2 and 13
were isolated from herds of the micro region 303
(cast of SC) in 1979, 11, 14, 17, 18 and 19 were
isolated in 1979 and 3, 4, 16 and 20 in 1981 from
herds of the micro rcgion 305 (central region of
SC); 1, 5,6,7, 8 and 12 were isolated in 1979 and
15 in 1981 from herds of the micro region 306
(west of SC). Isolate 10 was rccovered from
Casca, Rio Grande do Sul. All samples were kind-

ly provided by the Centro Nacional de Pesquisas .

de Suinos ¢ Aves (EMBRAPA, Concordia, SC).
Isolates were classified biochemically (12) and
stored in Dorset medium at 4°C until use. Sample
19 was recovered from lung whercas the remain-
ing oncs were recovered from the nasal cavity.
Each isolate was multiplicd in scvcral tubces at the
same passage in order to avoid variation by sub-
culture. All isolates were in phase L

Sera

Antiscra against each isolate were producced
in pairs of adult rabbits whose pre-immunization
titcrs against B. bronchiseptica were lower than
32. The immunization schedule used has been
previously described (5). Twelve sera that cross-
rcacted with more than one isolate were ab-
sorbecd. The absorbing isolate was grown on
three plates of Bordet Gengou medium at 37°C
for 48 h, suspended in PBS and centrifuged at
1500 x g for 30 min. The supcrnatant was dis-
carded and the bacterial mass suspended in 5 ml
of serum diluted 1:100, incubatcd under continu-
ous agitation at 37°C for the first 4 hours and at
4°C for the next twelve, and then centrifuged at
1500 x g for 30 min. The supcrnatant was [ro-
zen until tested.

Rev. Microbiol., Sio Paulo, 25(2), 1994

Antigens

Cultures stored in Dorset medium were grown
on Bordet Gengou at 37°C for 48 h and then sus-
pended in PBS to obtain 60% T at 625 nm in a
spectrophotometcr., ’

Seroagglutination

Equal volumes of antigen and doubled dilu-
tions of each serum in PBS were initially incubat-
ed at 42°C for 4 h and then at 4°C for the next 48
h. Tubcs were left at room temperature for 2 h be-
fore taking final readings. Titers were expressed as
the reciprocal of the highest dilution at which ag-
glutination was detected.,

Cross-reactivity index

The bilateral cross-reactivity index (CRI) (1)
was used to estimate antigenic rclationships be-
tween isolates. CRI represents the gecometric mean
of the serological relationships derived from the
following equation:

CRI=100Vrx ', where r is obtained by divid-
ing the titer of serum A against antigen B by
the titer of serum A against antigen A, and r'
is obtained by dividing the titer of scrum B
against antigen A by that of scrum B against
antigen B,

RESULTS
Sera

Serum 7 did not cross-react with antigens 6
and 20 nor serum 20 with antigen 7, while the oth-
er sera showed some degree of cross-rcactivity
with the antigens tested.

Absorbed sera

All titers decrcased after absorption (Table
1). Some scra were partially absorbed (8 and
12) whercas others were completely absorbed
(6 and 15). Several absorbed sera showed dif-
ferences in the titers against heterologous anti-
gens. Reactivity of serum 6 with antigens 10,
12, 13, 18 and 20 disappeared after absorption
with antigen 12, while scrum 12 still cross re-
acted with antigens 1, 2, 5 and 9 after absorp-
tion with antigen 20.
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TABLE 1 - Titcrs of scra against Bordetella bronchiseptica af-
ter absorption.

Rev. Microbiol., Sio Paulo, 25(2), 1994

tions, it was not fcasible to absorb every scrum
with each isolate and then test the resulting scrum
with all the isolates studicd. Thercfore, only some
scra that cross-rcacted with more than one isolate
were sclected to investigate cross-antigenicity in
the present work. Scrum 2 absorbed with isolate 1
rcacted with antigen 8. Similarly, secrum 8 ab-
sorbed with antigen 9 reacted with three other anti-
gens and serum 12 absorbed with antigen 20 react-
cd with four other. Isolates 15 and 18, that had a
CRI of 141, sccmed to be identical by crossed ab-

Q
7

Scrum Tested with Titer Absorbed with  Titer
1 8 2560 2 200
2 8 2560 1 400
6 10 2560 12 <200
6 13 2560 12 <200
6 18 5120 12 <200
6 20 2560 12 <200
8 1 5120 9 800
8 4 2560 9 800

8 -] 5120 9 . 800

12 1 5120 20 400
12 2 5120 20 400
12 5 5120 20 400
12 9 5120 20 400
1 18 5120 20 <200
18 6 5120 12 200
18 10 2560 12 200
18 15 2560 . 12 200
18 19 2560 12 200
18 20 2560 12 200
19 2 20 14 200
19 6 5120 14 <200
19 12 5120 14 <200

Cross reactivity indices

The cross rcactivity indices of non-absorbed
sera varicd between 0 and 200 (Table 2).

sorptionof “their ~scra; - Scra - that “were ~absorbed
with heterologous isolates and then tested against
their homologous antigens showed, in every case,
a marked reduction in agglutination titcrs.

Another form of studying antigenic relation-
ships among isolates is by detcrmining the titer of
a scrum against both its homologous antigen and
an heterologous antigen. This procedure, that is
cxtensively usced to group subtypes of Foot and
Mouth discascs viruscs (1) has not been stablished
for B. bronchiseptica. Therelore, the valucs of the
indices to be employed for grouping isolatcs, as al-
réady conventioncd for FMD viruses (13), arc not
yet available for this bacterium. It was obscrved
that scra that showed the greater number of CRI >
70 also showed the smaller number of CRI < 32,
while those that reacted with few or no isolates at

TABLE 2 - Bilateral cross reactivity indices of twenty isolates of Bordetella bronohiseptica.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 100 141 100 100 70 50 10 100 100 70 100 70 36 24 36 100 70 100 70 50

2 100 70 5 S 17 o0 70 70 5 70 S50 17 17 17 70 50 70 50 36

3 100 70 70 SO 0 100 100 70 100 70 50 S50 36 70 70 70 100 70

4 100 100 100 0 100 14t 70 141 141 70 50 70 70 70 100 70 100

5 100 50 14 100 141 70 100 100 36 S50 50 100 100 100 100 100

6 100 17 10 10 100 10 141 100 50 70 10 10 141 70 100

7 100 14 14 0 10 14 0 0 0 10 10 10 10 10

8 100 100 50 100 36 36 36 36 70 70 36 70 70

9 100 70 100 70 24 17 36 70 70 50 70 70

10 100 100 70 24 17 3 70 70 50 70 70
11 100 200 70 24 70 70 70 100 100 100
12 100 50 24 36 50 50 70 50 50
13 100 24 36 5 50 70 50 50
14 100 24 50 36 50 141 50
15 100 30 36 141 70 100
16 100 70 50 70 24
17 100 100 100 100
18 100 S0 50
19 100 50
20 100
DISCUSSION CRI valucs > 70 also gavc the bigger number of

Duc to the high number of possible combina-
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CRI < 32, It was estimatcd that isolates 4 and 11
arc antigenically more complex than the others
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tested, since they exhibited strong antigenic rela-
tionships with sixtecn of the twenty isolates stud-
icd. On the other hand, isolate 7 did not show anti-
genic relationships with any. Bcetween  both
extremes, a wide range of antigenic rclationships
were estimated.

Some pairs of scra showed CRI values great-
er than 100. These values are obtained when the
titer of a serum against an hcterologous antigen
exceeds that against its homologous antigen.
Considering that the suspensions of antigens
were standardized so as to contain equal concen-
trations of bacteria, it could be interprcted that
the reactivity of some isolates with a hetcrolo-
gous serum is grcater than that with the homolo-
gous serum, This has also been obscrved with
Foot and Mouth discasc viruscs, where the use of
"dominant" strains in vaccine production is rcc-
ommendcd (8).

The complexity of the data obtained makcs
it difflicult to propose a scrogrouping of B. bron-
chiseptica. It may be concluded, however, that B.
bronchiseptica  rccovercd  from  swine  with
Atrophic Rhinitis arc not antigenically homoge-
ncous and that some isolatcs arc antigenically
more complex than others. These obscrvations
should be taken into account in cpidemiological
studiecs and during the sclection of dominant
strains for vaccine production.

RESUMO

Relagoes antigénicas de isolados de Bordetella
bronchiseptica de suinos com rinite atrofica

Estudaram-se as rclagdes antigénicas de vinte
amostras dc Bordetella bronchiseptica recupcra-
das dc suinos com Rinite Atréfica mediantc um
testc de soroaglutinagfio quantitativo. Os 1titulos
dos soros produzidos cm coclhos contra cada um
dos isolamentos. foram dcterminados usando
antigenos homdélogos ¢ heterdlogos. Doze soros
que apresentaram rcatividade cruzada foram ab-
sorvidos e scus titulos dcterminados com
antigenos heterdlogos. Estimaram-se as rclagdes
antiglnicas entre os isolamcntos calculando os
indices de reatividade cruzada. Dois isolamentos
apresentaram alta reatividade cruzada com outros
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16, entretanto s6 um nio reagiu com o painel utili-
zado. Concluiu-se que B. bronchiseptica recupera-
da de suinos ¢ antigenicamente heterogénea.

Palavras-chaves: Bordetella  bronchiseptica,
indicc de reatividade cruzada, rinite atréfica.
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TIHE USE OF FLUOROCHROMES IN INSECT AND PLANT MYCOPATHOLOGY

B.P. Magalhiies

ABSTRACT

Fluorochromes. as..tools . for. the. detection..and . identification..of .insect. and .plant.....
pathogenic fungi and as successful rcagents for studying fungal physiology, viability
and infectivity are discussed to illustrate the versatility of these dyes and suggest fur-

ther uses in pest biocontrol programs.

Key words: Fluorochromes, entomopathogenic fungi, plant pathogenic fungi, fluo-

rescent microscopy, biological control

INTRODUCTION

Fluorochromes in conjunction with [luorcs-
cent microscopy have been used for many years to
investigate a widce range of ccll componcnts in ani-
mals, plants and fungi. The use of [luorochromes
for the study of fungal cytology and diffcrentiation
processes has been recently reviewed (7). The util-
ization of thesc dycs for rescarch on inscct and
plant pathology has paved the way to the under-
standing of complex intcractions between patho-
gens and their hosts. This review will focus on
some practical aspects of the usc of fluorochrome
in mycopathology, namcly: detcction, identifica-
tion and viability studics and invcstigations on
fungal physiology and infection proccsses. The
possible use of [luorochromes on biocontrol pro-
grams is also discussed.

DETECTION OF MYCOPATIIOGENS

Soil. Detection of fungal propagules in soil
is facilitated by the use of ccll wall stains. For
cxample, the fate of Metarhizium anisopliae ap-
plicd against soil pests can be monitored by Tin-
opal. Propagulcs of other fungi in soil can also

be visualized and quantificd using Fluorescent
Brightener 28 (39) as well as Calcofluor White
(27). Acridine Orange and Europium Chelate are
cllcctive for differentiating cells of bacteria and
actinomycctes from meclanized fungal structures
in soil (13).

Ascomycctous hyphac associated with liver-
wort rthizoids and ericoid mycorrhizal roots can
be quickly detected when stained with DIiOC,
(3,3' - dihexylocarbocyanine iodide) at low con-
centrations (1-5 ug/ml). On the other hand, Ba-
sidiomycetes forming cndophytic associations
with liverworts and ectomycorrhizas in sced
plants can be stained with DiOCy only at high
concentrations of the dyc (50 ug/ml) (10). This
fluorochrome is normally uscd to stain the cndo-
plasmic reticulum.

Dctection of fungal hyphac and sporcs in
soil and lcaves, where background [luorcscence
and incrt material hamper the quality of rcsults
obtaincd with certain stains, is improved by em-
ploying Ethidium Bromide (31), a succesful fluo-
rochrome [or revcaling dormant structurcs (c.g.
chlamydospores). Ethidium Bromide may also be
usclul for differential staining when associated
with other fluorochromes specilic for actively
growing cclls.

CENARGEN/EMBRAPA - Caixa Postal 02372 - 70.849-970 - Brasilia, DI
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Insect Surface. A rapid visualization and
quantification of inscct surface structures is also
made [casible by the use of ccll wall stains such as
Uvitex, Tinopal and Calcofluor White M2R (3, 7,
22). It is possible, for example, to test for the pres-
ence of conidia in contact with the insect cuticule
after ficld application of the fungus as mycoinsce-
ticide. One of thesc [luorochromes, Saturn Ycl-
low, has been employed to monitor the targeting
of M. flavoviride formulated in oil and applied in
ficld assays to control grasshopers (1). In addition,
the use of Uvitex provides a mcans to follow up
pathogen development (germination and differen-
tiation) on the inscct cuticule (Fig. 1).

FIGURE 1 - Apressorium (arrow) of Zoophthora radicans on
the cuticle of Empoasca fabae stained with Uvitex (0.1%;w/v).
Bar = 30 um.

The microphotographs presented in this re-
view were taken with an Olympus BH-2 micro-
scope coupled to an cpifluorcscent attachment
which comprised a B90-500 excitation filter, a
DM455 chromatic beam splitter and a 455 nm bar-
rier filter, using TMAX 400 f{ilms. Fig. 6 was tak-
en with a Zciss Photomicroscope and cpifluorcs-
cence  attachment  supplicd with a 460 nm
chromatic beam splitter together with 390-400 nm
excitation and 475 nm barrier filters. A combina-
tion of light-ficld and epifluorescence optics was
also used.
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Plant surface. The detection of halos in the
epidermal cell wall of Allium cepa caused by Col-
letotrichum dematium and Botrytis allii is done
with Acridine Orange and Berberin Sulphate (19).
Additionally, spores of both pathogens fluoresce
with Brilliant Sulphaflavive, Acridine Orange,
Ninhydrin and Dansylchloride. All these stains
cause [luorcscence of germ tubes, apressoria and
primary infcction mycclia,

Cells of Hemileia vastatrix previously treated
with ascorbic acid are detected after staining with
Dicthanol (38). Rust haustoria of Puccinia grami-
nis in wheat lcaves are also visualized when
stained with Dicthanol, Calcofluor and Ethidim
Bromide (21). The detection of all infection struc-
turcs of the yellow rust fungus P. striiformis in
Icaves of contaminated barley plants is made by
the use of scveral optical brighteners, including
Wobital BBK (34).

Discrimination between Pyrenophora tritici-
repentis (wheat tan spot) and its antagonist Lymo-
nomyces reseipellis is possible using a double
staining tcchnique. P. tritici-reoentis is specifical-
ly staincd by indircct immunofluorescence with
[luorescein isothiocyanate (FITC); both fungi are
then treated with a nonspecific lectin-conjugate
(wheat-germ agglutinin - TRITC); lastly, a coun-
terstain (Toluidine Blue-O) is used to allow visual-
ization of L. roseipellis growing in closc associa-
tion with and penctrating hyphae of P. tritici-
repentis (25).

Specific molecules during development of
mycopathogens. Visualization of nuclei by light
microscopy is morc difficult to achicve with sever-
al specics of fungi than with other organisms (15).
However, there are some dycs such as DAPI and
Mithramicin which are highly specilic for nucleic
acids. DAPI has been uscd to quantify DNA
through image vidco-analysis (8, 36, 23). Other
stains such as Acridine Orange, Propidium Iodide
and Ethidium Bromide arc uscd as DNA stains,
but they are not considered as clficient as DAPL
Hydrocthidine, derived from Ethidium Bromide,
has a large spectrum but fades away very quickly
compared to DAPI. Ethidium Bromide is higly
toxic and nonspecific since it stains other ccll
components such as vacuoles and lipids (2).

The relative DNA content in nuclei of races
of Phytophthora megasperma can be estimated
by quantitative fluorescence microscopy (cytoflu-
orometry) using DAPI (32). This fluorochrome
has also been used lo quantify inheritance of
DNA contents in scxual progenics of Phaytophtho-
ra infestans (42). Additionally, DAPI staining
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FIGURE 2 - Apressorium (arrow) of Zoophthora radicans on IURE 3 - Hyphae of Zoosphthora radicans treated with
the cuticle of Empoasca fabae stained with Uvitex (0.1%;w/v). DAPI (1 ug/ml) and observed on a phase-contrast microscope,
Bar =30 um. showing the nucleus (arrow). Bar = 16 um.

has brought about the succesful measurement of
DNA contents in zoospores of P. infestans (43)
and conidia of Zoophthora radicans (23) as
well as the study of the duplication cycle in nu-
clei of germinating zoospores from P. dreschsle-
ri (17). Finally, it is possible to visualize the nu-
cleus and cell wall in Z. radicans by
simultancous utilization of DAPI and Uvitex
(Fig. 2), and to detect nuclei and other cell struc-
tures by combination of DAPI with differential
interference contrast (DIC) (Fig.3).

Immunofluorescence microscopy is another
technique also used to study insect fungal mitosis.
The mitotic process can be monitored in Neozyg-
ites sp. when cells of the pathogen are treated with
FITC before observation under the fluorescece mi-
croscope (6).

Actin filaments are important cytoskeletal cle-
ments which participatc in mitosis, cytokinesis,
cell wall synthesis, cell clongation and formation
of apressoria and penetration hyphae. These mi- i
crofilaments can be indirectly visualized in Uro-  oipy 4 - Hyphae of Zoophthora radicans treated with
myces phaseoli (16), Neozygites sp. (4) and Z. ra- rhodamine-conjugated phalloidium (0.5 ug/ml) - showing
dicans (Fig. 4) with the aid of rhodamine- plaques of actin (arrow). Bar = 8 um).
conjugated phalloidin specific for microfilaments.

The importance of the Ca%*/calmodulin sys-  Localization of Ca*? is casily done with the use of
icm on germination and differentiation of cntomo- CTC (chiorotetracycline = aureomycin) (Fig. 5);
pathogenic fungi has been documented (23, 33). this fluorochrome has been used with Z. radicans
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FIGURE § - Tluorescence micrograph of an apressorium of
Zoosphthora radicans (a) treated with CTC (10 uM). Bar =
20 um.

and M. anisopliae (33). The calcium-binding pro-
tein calmodulin can be visualized by staining the
cells with W-7 (N-(6-aninohcxyl)-5-chloro-1-
naphthalene-sulfonamidc).

IDENTIFICATION

Identification of inscct and plant pathogenic
fungi is another field of biological rescarch that
can be facilitated by the usc of fluorochromcs.
For cxample, it is known that scptation can be
uscful for identilying fungal pathogens: it is com-
plete in Zygomycetes and incomplcte in Basiodi-
omycetes. The visualization of scptac with the
aid of a transmission microscope is, however, not
an casy task. This problcm is solved using ccll
wall stains such as Uvitex which, used in combi-
nation with an cpifluorescence microscope, al-
lows a fast and casy visualization of scptac in
growing myecclia.

The mitotic pattern of entomophthoralcan {un-
gi can also be important for their identification;
examples arc the central metaphase spindle char-
acteristic of Neozygites, and the cceentric mcta-
phase spindle exhibited by Erynia (6). Nuclear cy-
tology is yct another significant diffcrential
feature: large nuclei are typical of Zygomyccles
while small nuclei are typeal of Hyphomycctes.
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The number of chromosomes in Neurospora
can be reliably determined during condensed divi-
sion stages in ascus using the DNA-specific [luo-
rochrome Acriflavine (28). The fluorochrome
Mithramycin has been used to detect nuclei of
monokariotic and dikariotic hyphac of the dwarf
bunt fungus Tilletia controversa, both in wheat
plants and in culture (40).

INFECTION PROCESS

Studies on the infection process of inscct and
plant pathogenic fungi are very important for the
cstablishment of biological control strategics. This
type of rescarch has been made casy by the use of
fluorochromes. For example, the route of infection
of Z. radicans (Fig. 1) (44) and M. anisopliae
(33) can be followed up with the aid of Uvitex, a
flaorescent stain that also facilitates studies on de-
velopment of infection structures in vitro.

Formation of apressoria is considered a pre-
requisite for infection by many parasitic fungi (11)
and has been reported to be preceded by DNA
synthesis and nuclear division in M. anisopliae
(33) and in tcliomycete and hyphomyccte plant
pathogens (35). With the combined use of DAPI,
video-image analysis and inhibitory drugs, it is

FIGURE 6 - Conidia of Metarhizium flavoviride inside the
body cavity of Rhammatocerus schistocercoides - third instar
nymph stained with Uvitex. Bar = 12 um,
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possible to demonstrate that Z. radicans conidium
germination, apressorium formation and sccon-
dary sporulation occur independently of DNA rep-
lication and nuclear division (23).

The infection process of the plant pathogenic

fungus C. lagenarium on cucumber lcaves (with
indueed rosictance) can be monitored with the fla-
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orochrome Acridine-bluc (20).

The development of mycopathogens after host
penetration is better undestood with the use of
Uvitex. For cxample, Erynia neoaphidis [orms
protoplasts within its host while Z. radicans , an-
other entomophthoralean, does not (Dr. R. A.
Humber, USDA/ARS, Ithaca, NY, USA, personal
communication), and Uviicx has been used o vis-
ualize E. neoaphidis protoplasts. Another cxample
is the detection of conidia of M. flavoviride inside
the body cavity of Rhammatocerus schistocer-
coides (Fig. 6).

FUNGAL PHYSIOLOGY

Fluorochromes have also contributed to a bet-
ter understanding of fungal physiology. Calcolluor
White and Congo Red, for cxample, can be used
to study ccll wall morphogencsis in Geotrichum
lactis (29). Calcofluor White causcs ccll lysis at
hyphal tips, but this can be prevented by addition
of an osmotic stabilizer, The rate of chitin synthe-
sis in protoplasts and growing cclls is cohanced by
addition of Calcofluor Whitc and Congo Red. In
contrast, both stains hamper chitin and beta-glucan
synthascs in ccll-frce systems and interlere with
the growth of Saccharomyces cerevisiae through
the formation of multiccllular aggregates (29).
Calcofluor White also affccts the synthesis of chi-
tin synthase in §. cerevisiae. ‘

Lipids arc imortant cncrgy stores for many
fungi. Synthesis and breakdown of these rescr-
voirs reflect the physiological status of the fungus.
For cxample, large lipid globules suggest that the
fungus is not active. Converscly, globule break-
down into smaller units indicates an active metha-
bolic state.

Cells with large lipid rescrves arc probably
survival stages or propagulcs. For examplc, the en-
tomopathogenic fungus Erynia neophidis survives
as conidium and contains a large central lipid
globule. Resting spores also present extensive de-

posits of lipid. Inactive mycelia of Hyphomycetes

may also contain large lipid deposits.
Using Congo Red (Eastman Kodak), lipid
globules can be detected in several fungal struc-
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tares such as hyphae, protoplasts, immature rest-
ing sporcs and conidia. This stain is hydrophobic
and fluoresces strongly when dissolved in lipid
(14). Nile Red is stable and compatible with Prim-
ulin (a ccll wall stain), and it does not affect fun-
gal growth when incorporated into culture media
(1 - 100ul). Luminor 490 PT is another fluoroch-
rome uscd to detect and measure lipid contents in
fungal mycclia (26).

Since mitochondria are structures which gen-
erate ATP and are involved in fatty acid metabo-
lism, their spatial distribution may reveal sites of
metabolic activity. This occurs during synthesis
and secrction of several compounds. Mitochondria
arc also sites for calcium storage and release. and
studics on calcium physiology arc facilitated by
the use of specific stains such as CTC.

The endoplasmic reticulum of M. anisopliae
is involved in protein synthesis and glycosylation
before their sceretion to the exterior of the cell.
This organclle may also participatc in cell wall
synthesis; this becomes evident in E. neoaphidis
where clectron bodics-are present in walled cells
but not in protoplasts. Studics on fungal ccll
physiology and detcction of mitochondria and cn-
doplastic reticulum can be done with the aid of
specific fluorochromes such as Rhodamine 123
and DiOC, (18, 37).

The vacuoles of [ungi arc also vital structurcs
in fungal ccll physiology. They have a key role as
calcium rescrvoirs and arc also cssential [or the
detoxification and displaccmcent of cytoplasm dur-
ing growth. Specific stains have been utilized in
rescarch studics on vacuole formation and func-
tion during diffcrentiation and cell growth (41).

CELL VIABILITY

Viability of mycopathogens is traditionally as-
sessed by plating propagules and estimating the
number of cells undergoing development (germ-
lings or colony forming units). Fluorescence mi-
croscopy can be used as an alternative method to this
conventional technique. Esterascs arc indicators of
cell viability and can be detected by using the fluo-
rochrome Fluorcscein Diacetate (FDA). When FDA
is combincd with Propidium Iodide (a stain specific
for dead cclls), it is possible to distinguish between
live (green) and dead (red) cells. This technique has
been employed to determine conidial viability of M.
anisopliae (9) and scveral species of entomophtho-
ralcan fungi (11) and also viability of protoplasts
produced by other entomopathogenic fungi.
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CONCLUDING REMARKS

The success of mycopesticides on biological
control programs depends greatly on a good method
of application and monitoring of pathogen develop-
ment in soil or on insect and plant surfaces. Is is al-
ways necessary to determine the optimum size of
particles containing fungal propagules as a function
of fungal virulence and stability under ficld condi-
tions. It is also necessary to understand the spatial
and temporal distribution of [ungal propagules (my-
cclia, protoplasts, or primary and secondary conidia)
introduced into the ficld, Fluorochromes have facili-
tated these tasks through their use to calibrate parti-
cle size and as markers for pathogens or [or carricrs
employed in the formulation of the final product.

The utilization of fluorochromces in inscct and
plant mycopathology can be optimized by the
right choice of the microscope, sct of filters and
dycs to be employed. The possibility of combining
two or more fluorochromes for simultancous ob-
scrvation is a very attractive feature, The practical
use of fluorochromes on ficld cvaluation of fungal
propagules will certainly be expanded and high-
light the very important role of mycopathogens as
biocontrolling agents of inscct pests in integrated
pest management systems.,
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RESUMO

Uso de fluorocromos no estudo da micopatologia
de insetos e plantas

O uso de f{luorocromos na detecgfo, identifi-
cagfio, processo de infccgiio, fisiologia ¢ viabili-
dade dec fungos entomopatogénicos ¢ fitopatogéni-
cos ¢ discutido visando uma indicagfio de como
esses corantes poderiam ser explorados em futuros
programas de controle bioldgico.

Palavras-chave: Fluorocromos, microscopia de
fluorcscéncia, [ungos entomopatogtnicos, fungos
fitopatogénicos, controle bioldgico.
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POST HARVEST CONTROL OF AFLATOXIN PRODUCTION ON IN-SHELL MOIST
PEANUTS BY SODIUM ORTHO-PHENYLPHENATE. II. HARVESTER TESTS

H. Fonscca®

M.A. Calori-Domingues”
P.J. Approbatto”
1.V.Zambello*

E.L. Fonseca®

SUMMARY

This work was carricd out to optimize a spraying method for the application of so-
dium ortho-phenylphenate (SOP) solution on in-shell moist peanuts during crop gath-
cring with a combine harvester, aiming at control of aflatoxin production. In a previ-
ous work, it was verificd that the SOP spraying opcration under ficld conditions did
not attain total pod coverage, indicating the need for its optimization.

In the present work, SOP spraying was carricd out during mechanical harvesting
of the 1988 rainy season pcanut crop. The spraying attachment was adapted to a com-
bine harvester and a 0.5% SOP solution uscd. Despite the improvements made for
SOP application, technical problems were still encoutered, such as the accumulation of
peanuts inside the bag filler pipe which hampered spraying efficiency. Both treated
and control lots showed an increase in initial aflatoxin levels during storage. High afla-
toxin contamination of treated samples may have occurred duc to the still technically
inadequate coupling of the spraying attachment to the harvester and/or to a suboptimal
SOP concentration used for the chemical control of aflatoxin.

Key words: aflatoxin, pcanut, chemical control, postharvest, fungi, sodium orthophe-

nylphcnate.

INTRODUCTION

Allatoxins werge the first fungal products identi-
ficd as toxic agents [or man and animals. These my-
cotoxins are produced by Aspergillus flavus Link
and A. parasiticus Spcare, which arc found world-
wide in soil and the atmosphere and may contami-
nate peanuts, corn, cottonseed and other crops (4).

The presence of aflatoxin on Brazilian pca-
nuts has contributed to limit the country's exports
of peanuts and peanut meal. Aflatoxin production

results not only in economic loss for agricultural
produccrs but also in scrious health hazards to
consumers cxposed to contaminated goods.

Prevention of contamination may be accom-
plished by using adequate techniques and proce-
dures [rom harvest to storage of the agricultural
produce. However, adverse weather conditions
may difficult considcrably preventive strategies,
and the use of chemical agents on crops during
such periods may be a good alternative for the
control of aflatoxigenic fungi.

* Depto. de Ciénceia e Tecnologia Agroindustrial — Escola superior de Agricultura " Luiz de Queiroz" da Universidade de Séo
Paulo. Av. Pddua Dias, 11 — 13418-900 — Piracicaba — SP. -
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Ficld application of chemicals has produced
good results in the control of aflatoxin contamina-
tion (2, 3, 8). The cllcct of cightcen fungicides on
thirtecen specics of fungi obtaincd from pcanut
samples was cvaluated in vitro; somc of the
chemicals were found to be cfficient at restrainig
growth of many of the isolatcd microorganisms,
including A. flavus (7).

Sodium ortho-phenylphenate (SOP), together
with other fungicides, was tested in vitro  for
anti-fungal activity by Fonseca et al (5) and was
shown to totally inhibit the growth ol A. flavus.
However, when testing SOP efficiency during
ficld trials, Fonseca et al (6) did not obtain the
same successful results; total coverage of pods
by SOP during application under ficld conditions
was not attained leading to incfficicnt control of
the aflatoxigenic mould and thus of aflatoxin pro-
duction.

Therefore, to improve pod coverage with the
SOP solution, a spraying attachment was adapted
to a combine harvester and the chemical applicd to
pods inside the bag [iller system of the machine,
The purpose of this work was to test the efflicacy
of these technical modifications on optimization of
fungicidc application, which may then provide an
alternative mcthod for control of pcanut aflatoxin
contamination whencver unfavourable weather
conditions do not allow a rapid and cflicicnt dry-
ing of produce before storage.

MATERIALS AND METHODS

This cxperiment was conducted in the pcanut
producing arca of Marilia rcgion, Séo Paulo, Bra-
zil, during harvesting of the rainy scason pcanut
crop of 1988.

Four lots of 120 bags of in-shell non-dricd
peanuts (14-18% moisture content) were uscd.
Two lots were employed for spray application of
SOP solution (5%) and the remaining two taken as
controls. Lots were stored for two month belore [i-
nal cvaluation.

Crop spraying was carricd out with a com-
binc harvester which had a spray attachment
adapted at the bag filler point. Bagged pcanut
was subscquently moved to a grain and sced sta-
tion and submitted to a pre-cleaning operation in
a ventilation machine; stacks of 3X4X10 bags
high were then piled up. Fiftcen samples from
cach lot werc drawn to detcrmine moisture con-
tent and aflatoxin contamination and thus cstab-
lish initial producc conditions. Ten external and
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ten internal 2 Kg samples were taken from the
stacks after one month and two month of storage,
respectively, to evaluate final levels of aflatoxin
and moisture contents.

Analytical Methodology

Moisture content: Ficld detcrminations were
carricd out using a portable equipment of the
resistant type (ELOTEST). Laboratory detcrmina-
tions were done according to the oven method (1).

Aflatoxin contents: A combined methodolo-
gy bascd on Pons Jr. et al (9) and Velasco &
Morris (12) was used. The modifications were: a)
the peanut kernel: water ratio in slurry was 1: 1.5;
a total of 50g of the slurry was transferred to a
250 ml Erlenmeyer flask and 100 ml acetone add-
cd for extraction; b) the clean-up procedure was
done with lead acetate solution without boiling
(10); the amount of chloroform for partitioning
was 2 X 25 ml (11).

RESULTS AND DISCUSSION
The results on peanut moisture and aflatoxin
content of treated and control lots are summarized

in Tables 1 and 2.

TABLE 1 - Initial aflatoxin (ug/kg of B; + G;) and moisture
contents in peanut samples of treated and control lots,

Sample SOopP SOP(r) Control  Control (r)
1 n.d. 9 n.d. 37
2 61 n.d, 37 9
3 n.d. 73 74 73
4 n.d. 37 161 73
5 9 37 37 9
6 nd. 37 n.d. 9
7 n.d. n.d. 32 16
8 n.d. 73 n.d. 9
9 n.d. n.d. 322 9
10 n.d. 18 37 37
i1 9 184 n.d. 184
12 n.d. 92 n.d. 184
13 n.d. 37 n.d. 9
14 9 37 n.d. 9
15 n.d. 37 9 37
Mcan* 22 56 89 47
Moisture 13.4 17.5 133 15.0

content (%)

SOP = sodium orthophenylhenate
(r) = repetition
* = mean of contaminated samples

n.d. not detected
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TABLE 2 - Aflatoxin (ug/kg of B; + I1;) and moisture contents in treated and control peanut lots, after one and two

months of storage.

Sample After one month storage Alter two month storage
SOop SOP(r) Control ~ Control (r) Sop SOP(r) Control ~ Control (r)

1 1104 1860 237 149 74 930 71 51
2 319 379 239 744 322 930 1999 639
3 75 9 12 372 9 368 253 88
4 88 538 2209 162 232 814 74 61
5 990 1860 505 1767 2556 184 37 37
6 242 186 12 465 2208 92 1627 88
7 9 372 3952 148 149 232 31 88
8 511 387 319 74 149 465 322 74
9 970 379 256 828 767 465 65 80
10 464 149 406 9 534 930 80 644

Mean* 477 612 815 472 700 541 456 185

Moisture 10.0 9.5 9.3 9.6 8.9 9.7 9.5 8.8

content (%)

Sop
(0
*

sodium orthophenylhenate
repetition
mecan of contaminated samples

nu

Initial moisture contents were above 11% and
could thus cnable fungal growths and allatoxin
production to take place.

The data show that, starting at initial aflatox-
in levels of 22 and 56 mg/Kg for the two treated
lots (which were slightly lower than those ob-
scrved for control lots, namely: 89 and 47 mg/
Kg), mean values for sprayed samples aflicr one
and two months of storage (477 and 612 mg/Kg;
827 and 208 mg/Kg, respectively) were high and
did not present a significant reduction comparcd
to control valucs rccorded aflter the same storage
periods (815 and 472 mg/Kg; 456 and 185 mg/
Kg, respectively).

Crop spraying with the SOP did not succeed
in controlling aflatoxin production under the con-
ditions used. The persistent contamination of trcat-
ed lots may be still duc to technical deficiencics of
the spray system, despite improvements achicved
with respect to previous trials (6). The spraying at-
tachment was adapted to the two bag [iller pipe of
a model of combine harvester typically used in
Brazil: oncc a bag is [filled, pod flow has to be in-
terrupted to replace it with an cmpty one. Thus,
homogencous application of the [ungicide be-
comes dilficult beecause, when the pipe door is
opened again to [ill the next bag, an initially fast
flow occurs that makes it impossible to spray all
pods adequatcly. A suboptimal concentration of
the SOP solution may also have contributed to the
unsuccesful outcome of the cxperiment.

The authors intend to continue the presentinves-
ligation testing higher concentrations of SOD and
the clfect of translerring the site for produce spray-
ing to the pre-cleaning machine in the warchouse,
where it is believed that continuous pod flow will al-
low forahomogencous distribution of the fungicide.

RESUMO

Controle da producio de aflatoxinas no
amendoim em casca imido com
ortofenilfenato de sédio, no pés-colheita.
IL. Testes na colhedora

O objetivo deste trabatho foi o de otimizar o
sistcma de pulverizagfio, em campo, da solugiio de
ortofenilfenato de sédio (OFS) sobre amendoim
em casca, para vcrificar a cficiéncia desta
substincia no controle da produgiio de aflatoxinas.
Em trabalho realizado antcriormente por Fonsceca
ct al. (6) verificou-se que a pulverizagiio sob con-
di¢oes de campo foi deficicnte uma vez que a co-
bertura completa da vagem, com a solugiio de OFS
nio foi conscguida, indicando assim a necessidade
de otimizaciio desta operagdo.

Deste modo, na safra das dguas de 1988, a
pulverizagfio foi rcalizada na prépria colhcdora
mecénica onde o sistcma de pulverizagio foi adap-
tado. A concentragfio da solugfio de OFS utilizada
{oi dc 0,5%.
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Nesta safra, a despeito da melhor cobertura das
vagens com a solugfio ocorreu o actimulo de vagens
na bica de saida da colhedora, por ocasifio da troca
da sacaria jd cheia pela vazia, o que prejudicou a
pulverizagio, dificultando a cobertura de todas as
vagens com a solugfo. Observou-se que o teor ini-
cial de aflatoxinas aumentou durante o periodo de
armazenamento, tanto nos lotes tratados como nos
lotes controle. A alta contaminacfio com aflatoxi-
nas pode ter ocorrido por ndo se ter obtido ainda

uma pulverizago perfeita de todas as vagens e/fou

devido 2 concentragiio insuficicntc da soluciio dc
OFS para o controle da produgio da toxina,

Palavras-chave: aflatoxinas, amendoim, controle,
ortofenilfenato de s6dio, pés-colheita, fungo.
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AFLATOXIN REMOVAL FROM PEANUT MEALS WITH COMMERCIAL

AQUEOUS ETHYL ALCOHOL

H. Fonsecal

SUMMARY

Removal of aflatoxin B1 (AF) from contaminated peanut meals with commercial
aqueous ethyl alcohol (fuel alcohol) in an actual scale vessel was tried in two
experiments (TESTS 1 and 2) run in an oil mill in the State of Sfio Paulo, Brazil. In
TEST 1, 90°GL alcohol (downgraded from commercial 96°GL) heated to 75°C was
utilized to make three one hour-period extractions (each one using fresh alcohol), with
samples taken for AF analyses after each extraction. In TEST 2, straight commercial
96°GL alcohol was used to make four extractions under the same conditions as in
TEST 1 but without stopping the process to take samples and also introducing a 30
min soaking period in the middle of each extraction. In this experiment, pieces (about
2 cm thick) and course ground meal were used to check the influence of size of
material on the efficiency of AF extraction by the solvent. Twenty samples (10 of
each type) were taken at the end of the process for AF evaluation. The results showed
that extraction of AF with commercial aqueous ethyl alcohol in actual scale is
time-dependent and technically feasible. 90°GL alcohol removed 87.4% (average) of
total AF content after three one-hour extraction periods. 96°GL alcohol removed an
average of 87.3% from the pieces and 95.3% from the course ground meal after four
one-hour extraction periods. Samples from the lower part of the vessel showed better
AF removal than those from the upper part. It was also observed that coarse ground
material allows a more efficient removal of AF than pieces. Protein content was
evaluated before and during TEST 1 and showed a slight increase in mean values
(from 60.19 to 63.79%).

Key words: aflatoxin, removal, peanut meal, commercial aqueous. ethyl alcohol,
detoxification.

INTRODUCTION

The contamination of peanuts with allatoxins
(AF) renders them improper for human consump-
tion. In Brazil, most of the contaminated peanuts
are used for oil extraction. The meal, a residue of
high protein content, holds practically all the tox-
in present in the raw material. Depending on the
final concentration of AF, the mecal cannot be

used as animal feed. The detoxification of con-
taminated meals by inactivation through chemical
rcactions, high pressure, etc., or by extraction us-

- ing an organic solvent or a combination of them

has been tricd since the AF problem was detect-
ed in 1960.

Several solvents or solvent combinations have
succeeded at, under laboratory conditions, elimi-
nating the AF retained in peanut meals, once the

1. Departamento de Ciéncia ¢ Tecnologia Agroindustrial, Escola Superior de Agricultura "Luiz de Queiroz", USP.
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toxin is not removed by the hexane used for ex-
traction of residual oil from meals.

Mixtures of hexane-methyl alcohol, hexane-
ethanol, hexane-cthanol-water and hexane-
acctone-water were evaluated for AF extraction by
Vorster (1966). The greatest reduction on a labora-
tory scale was obtained with hexane-acetone-
water and hexane-methyl alcohol.

Gardner et al. (1968) reported the cffective-
ness of a binary system of 90% acctone and 10%

water (by weight) for reducing AF cont102 )fof

contaminated peanut and cottonseed meals.

Removal of AF by aqueous alcohols has also
been studied. Rayner and Dollear (1968) reported
good extraction using aqueous isopropyl alcohol at
60°C. Rayner et al. (1970) found that good results
could be obtained by extraction with 95% ethanol.

In 1985, Fonseca and Regitano-d'Arce (1992),
using anhydrous, 96, 93 and 90°GL ethanol found,
by Soxhlet extractions, that 90°GL alcohol was
able to remove 100% AFBI in less than 3 hours,
while the 96°GL in less than 4 hours, from peanut
meal containing 400 mg/Kg. Anhydrous alcohol
was the least efficient.

However, these solvents or solvent mixtures
were not evaluated ncither with commercial prod-
ucts or on a industrial scale.

MATERIALS AND METHODS

Two experiments were conducted in the larg-
est peanut crusher mill, located at Pirapozinho,
State of Sfio Paulo, Brazil, where one actual-size
unit for batch solvent extraction was especially al-
located to run these experiments, with all the char-
acteristics and dimensions of the industrial hexane
semi-continuous batch extractors which can hold
about 4 tons of pcanut meal. The equipment was
composed of a stcam jacketed cxtraction vesscl,
complete cquipment for steam, vacuum system, cir-
culating pumps, fresh and used alcohol tanks, efc.
The direction of solvent circulation was up-flow.

Oil-extracted peanut meal from the industrial
solvent extraction unit was used.

TEST 1

The first experiment was made with a contami-
nated meal whose previous analyses of 10 samples
showed a mean AF content of about 1000 mg/kg of
meal. The choice of 90°GL alcohol was based on
our previous laboratory cxperiment (Fonscca and
Regitano-d'Arce, 1992). 90°GL was obtained by
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Charge vessel with peanut meal

10 samples taken
(5 from the top, 5 from the base)
AF and protein analyses

Charge with 90°GL alcohol
24

Close vessel and 1st extraction
(steam jacket on )

Heat 1ill 75°C
3
First 60 min extraction
(steam off)
3

Alcohol drained off
(final temperature = 70°C)
2 4
Open vessel at base door
¥
5 sampies taken from the bottom
AF and protein analyses

Close vessel
2 4
Fresh 90°GL alcohol admission

3

Second 60 min extraction

(same conditions as above)
4

Third 60 min extraction
(same conditions as above)

Alcohol drained off
2
Open vessel

Discharge peanut meal
3
10 sample taken
5 from top and 5 from bottom
8 2
AF and protein analyscs

FIGURE 1 - Flow scheme of TEST 1.

downgrading commercial 96°GL with water. The
procedure of TEST 1 is shown in Figure 1.

TEST 2

In the second experiment, the procedure was
modified as illustrated in Figure 2. Previous analy-
ses of 10 samples of the peanut meal employed in
this experiment showed an AF contamination con-
tent of about 1200 mg/kg. Unchanged commercial
96°GL fuel alcohol was chosen due to the difficul-
ty to downgrade 96°GL to 90°GL. So, no alcohol
strength correction was needed since the distiller-
ies produce it at 96°GL.
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Charge vessel with peanut meal
(Pieces and course ground)

10 samples taken
(5 from the top, 5 from the basc)
AF analyses
4
(A) Charge with 96°GL alcohol
3

(B) Close vessel
3
(C) Heat (steam on)
and extraction for 30 min
3
(D) Stop extraction
and stand for 30 min
2
(E) Re-start extraction for 30 min more
Stop (steam off)
3

(F) Used alcohol drained off
Repeat operation: A to F three times
Open‘vessel
Discharge peanut meal
20 samples‘lakcn from:
pieces: 5 from top and 5 from bottom

course ground: 5 from top and 5 from bottom

AF analyses

FIGURE 2 - Flow scheme of TEST 2.

At the end of the operation, separate samples
of pieces and ground meal were taken for AF anal-
ysis, being S from top and 5 from the base of the
vessel for each type, making up a total of 20,

Three thousand litres of alcohol were used for
cach extraction process in both experiments.

The AF analyses were performed according to
the Pons et al. (1966) method combined with that
of Velasco and Morris (1976).

TABLE 1 - AFB; content (g/kg) of peanut meal before ex-
traction in TEST 1.

Rev. Microbiol., Sio Paulo, 25(2), 1994

Percentage protein content had been previous-
ly analyzed by the industry and was also evaluated
on homogenized samples after each extraction in
TEST 1, by the macro Kjeldahl method, as an ad-
ditional information.

RESULTS AND DISCUSSION

AF content of peanut meals before and af-

TABLE 2 - AFB; content (g/kg) of pcanut meal after the first
and second extractions of 90°GL ethyl alcohol at 75°C for 60
min in TEST 1.

First Second

Base 1 =400 Base 1 =240
Base 2 =400 Base 2 =400
Base 3 =533 Base 3 = 160
Base 4 =800 Base 4 =320
Base 5 =533 Base 5 = 400
Mean = 533 Mean =304

Mean AFB, removal = 45.9% Mean AFB; removal = 68.3%

TABLE 3 - AFB, content (ug/kg) of peanut meal after a
third extraction of 90°GL ethyl alcohol at 75°C for 60 min
in TEST 1.

Site Site
Top1=160 Base 1 =160
Top 2 =160 Basc2=80
Top3 =160 Base 3=80
Top 4 =106 Basc 4=80
Top 5 =80 Base 5 =160
Mean =133 Mean = 60

Mean AFB, removal = 86.5% Mean AFB, removal = 88.3%

Average AFB, removal = 87.3%

TABLE 4 - AFB, content (itg/kg) of peanut meal before ex-
traction in TEST 2.

Site Site Site Site

Top 1 =800 Base 1 = 800 Top 1 = 1600 Base 1 = 1600
Top 2 =530 Base 2 = 800 Top 2 = 1066 Base 2 = 1600
Top 3 = 1200 Base 3 = 800 Top 3 =800 Base 3 = 2000
Top 4=1200 Basc 4 = 800 Top 4 =800 Base 4 = 1066
Top 5 =1200 Base 5 =1600 Top 5 =800 Base 5 =600
Mean =986 Mean = 960 Mean = 1013 Mean = 1373

Average =973

Average = 1193
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TABLE 5 - AFB; content (ug/kg) of peanut meal after four
extractions of 90°GL ethyl alcohol at 75°C for 60 min each
in TEST 2.

Course ground 2 cm pieces
Top1 = 65 Topl = 160
Top2 = 57 Top2 = 80
Top3 = 54 Top3 = 80
Top4 = 57 Top4 = 200
Top5 = 57 TopS = 266
Base 5 = 50 - Base 5= 133
Base 4 = 50 Base 4 = 200
Base 3.=.50 Base 3.=.200
Base2= 50 Base2= 100
Base 1 = 57 Base 1= 80
Mean AFB; Mean Removal Mean AFB; Mean Removal

Top = 58.0 94.3% Top = 157.2 84.5%

Base = 51.4 94.3% Base = 89.6 89.6%
Average AFB; Removal = Average AFB, Removal =
95.3% 87.3%

TABLE 6 - Protein content (%, dry basis) of peanut meal be-
fore and after each extraction in TEST 1.

Before Top =60.37
Base = 60.01
Mean = 60.19
After 1 hour of extraction Top = 61.20
Base = 61.88
Mean = 61.54
After 2 hours Top = 61.49
Base = 62.55
Mean = 62.05
After 3 hours Top = 63.05
Base = 64.52
Mean = 63.79

ter extractions are presented in Tables 1 to 5.
Protein contents before and after extractions, as
determined by the industry, are shown in
Table 6.

TEST 1

As can be inferred from the results of TEST
1, 45.9%, 68.3% and also 86.5% (top) and 88.3%
(base) - averaging 87.4% - of the contaminating
AF was removed after the first, the second and the
third one-hour extraction period, respectively, us-
ing fresh 90°GL alcohol. The curve tends to be
very close to zero between 4 and 5 one-hour ex-
traction periods, which can be considered a good
result (Figure 3).
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FIGURE 3 - Removal of AF from peanut meal with 96°GL
ethanol: TEST 2

The problem that emerged during TEST 1
was that it took a long time to get rid of the last
portion of water+dissolved alcohol from the meal,
which is usually the last operation done with
steam jacket heating under vacuum.

Considering the information obtained from
the intermediate analyses of TEST 1, it was
thought unnecessary to stop the process for sam-
pling, since that would make the processing time
longer and turn TEST 1 more complicated. How-
ever, the experiment provided useful data such as
the trend of residual AF versus time of extraction
shown in Figure 3.

TEST 2

This test showed an average removal of
87.3% for 2 c¢m thick pieces and of 95.3% for
course ground meal after four one hour extraction
periods with 96°GL alcohol, a result that can be
considered very good.

The lower extraction efficiency of 96°GL al-
cohol is due to its reduced water content compared
to 90°GL. since water is needed to unbind AF from
the protein, and this data corroborates the results
previously obtained in our laboratory (Fonseca
and Regitano-d'Arce 1992).

In both TEST 1 and 2, it is possible to see that
the removal of AF is slightly greater at the base of
the vessel than that at the top. As in TEST 1, there
was some difficulty in evaporating residual mois-
ture-dissolved alcohol from the meal in TEST 2
also, but this time to a lesser extent.

The experiments illustrate the technical feasi-
bility of removing AF from contaminated peanut
meal on an indusirial scale. We think that, con-
cerning semi-continuous processes, the time for
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complete removal of AF can be reduced. Re-
search aimed at overcoming the problem of resid-
ual moisture+alcohol in the meal will be carried
out next.

Protein content increased slightly after each
extraction increasing from 60.19% before the pro-
cess t0 63.79% (mean values) after the third extra-
ction,on a dry basis (Table 6). This may be due to
the probable extraction of alcohol soluble sub-
stances tha increases the relative concentration of
those remaining. This is a relevant observation be-

cause it shows that protein, which is the most im-

portant component as feed and the basis for meal
pricing, is not negatively affected.

CONCLUSIONS

From the results obtained under the experi-
mental conditions used, the following main con-
clusions can be drawn:

1. Tt is technically feasible to remove AF from
peanut meals utilizing commercial 96°GL car-
burant alcohol, in an actual scale;

2. AF removal is time-dependent and an efficien-
cy of about 95% after 4 to 5 hours of batch ex-
traction with 96°GL alcohol can be obtained;

3. Removal of AF is greater in the coarse ground
material than in pieces, as would be expected;

4, Removal is more efficient in the material locat-
ed at the bottom of the vessel;

5. The protein content is not negativelly affected,
actually showing a slight increase in content at
the end of the process.

6. Further research is needed to optimize condi-
tions of extraction (¢.g. a comparison of semi-
continuous with continuous processes) and to
attain removal of the residual moisture+alcohol
from the decontaminated peanut meal.

RESUMO

Remogiio de aflatoxinas de farelo de amendoim
com alcool etilico aquoso comercial

A remociio de aflatoxinas (AF), com dlcool
etilico aquoso comercial (carburante), de farelo
de amendoim contaminado em vaso exfrator de
escala real foi testada em dois experimentos
(TESTES 1 e 2) realizados numa industria de
extragio de éleo no Estado de S#o Paulo, Brasil.
No TESTE 1, 4lcool 90°GL (diluido a partir do
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96°GL) aquecido a 75°C, foi utilizado para fazer
trés extragGes de uma hora cada (sempre com
alcool novo), tendo sido retiradas amostras apds
cada extragfo, para andlise de AF e de proteina.
No TESTE 2, élcool 96°GL foi utilizado em
quatro extragdes de uma hora, nas mesmas con-
di¢Bes porém, sem parar 0 processo para retirada
de amostras intermedidrias mas, introduzindo um
periodo de 30 minutos de maceragfo entre as ex-
tragdes. Neste experimento, pedacos de cerca de
2 cm de espessura ¢ farclo grosseiramente
moido, foram utilizados para testar a influéncia
do tamanho da particula na eficiéncia da ex-
tragdio de AF pelo solvente. Vinte amostras (10
de cada tipo) foram retiradas no fim do processo
para andlises de AF. Os resultados mostraram
que a extragio de AF com dlcool etilico aquoso
carburante, em escala real, ¢ dependente do tem-
po e tecnicamente possivel. Alcool 90°GL remo-
veu, em média, 87,4% da AF presente depois de
trds extragdes de uma hora. Alcool 96°GL remo-
veu, em média 87,3% do farelo em pedagos ¢
95,3% do moido, apés quatro extragbes de uma
hora. Houve uma melhor extragfio na parte infe-
rior do que na parte superior do vaso. O
contedido de proteina foi avaliado antes ¢ durante
o TESTE 1 ¢ mostrou um pequeno aumento de
60,19% para 63, 79%.

Palavras-chave: aflatoxina, remogfio, farelo de
amendoim, dlcool etilico aquoso, destoxificagfo.
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DETERMINATION OF OCHRATOXIN A IN BLOOD SERUM OF PIGS BY USING
THIN LAYER CHROMATOGRAPHY

Mallmann, C,A1
Santurio, J.M.2
Baldissera, MLA.2
Mickwitz, G. von!

SUMMARY

The determination of Ochratoxin A (a secondary metabolite of Aspergillus and
Penicillium) in the blood scrum of pigs by using thin layer chromatography (TLC)
and liquid-liquid cxtraction is a scnsitive and exact method, which leads to a recov-
ery raie of 92.5%. This mcthod allows to confirm a clinically suspected Ochratoxico-
sis by determination of Ochratoxin A in blood scrum. Ochratoxin A has a high bind-
ing affinity for scrum albumin. This characteristic allows the utilization of this
mcthod to screen a previous ingestion of this mycotoxin without examination of feed
samples. A contamination of 32.21% (out of 444 investigated blood samples) has
been detected in sera of pigs from Schleswig-Holstein and Niedersachsen (Northern
Germany) with an average of Ochratoxin A concentration of about 0.6 ng/ml. Due to
its sensitivity and the low input of time and material, this method is highly recom-
mendable for routine use by any mycotoxicology laboratory.

Key Words: Ochratoxin A, survey, serum, pigs, TLC.

INTRODUCTION

Ochratoxin A (OA) is a powerful mctabolite
(9) produced by fungi of the genus Aspergillus (6)
and Penicillium (5) which arc ubiquitous in the en-
viroment. Ochratoxin A, classified as a pentacetic
within the policetic group (10), is a crystalline,
colourless compound with a fusion tcmperature of
about 168-173°C (5).

Ochratoxin A is frequently found in a varie-
ty of cergal products such as maize, wheat, bar-
ley, malt and their by-products. It is also found
in products of animal origin such as mcat and its

by-products (5). Because of its widespread distri-
bution among these products, this toxin repre-
sents a serious hazard for both human and animal
health (1). Pharmacokinetic studics show that
Ochratoxin A displays a high affinity for serum
albumin, especially that from humans, bovines
and swine (5).

The detection of mycotoxins in products of
animal origin by chemical analysis is a relatively
complex and time consuming process. The chem-
ical analysis requires previous trituration, homog-
cnization, organic solvent extraction, filtration,
clution and evaporation of the extract. The result-

1. Freie Universitit Berlin - Tierirtzliche Ambulanz Schwarzenbek - RéntgenstraBe, 12 - 21493 - Schwarzenbek - Alemanha.
2. Departamento de Medicina Veterindria Preventiva - Universidade Federal de Santa Maria - 97119-900 - Santa Maria, RS -
Brasil.

3. Departamento de Anilises Clinicas e Toxicolgicas - Universidade Federal de Santa Maria - 97119-900 - Santa Maria, RS -

Brasil.
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ing extract is then submitted to the thin layer
chromatography technique (TLC) for qualitative
and semi-quantitative analyses (8). This tech-
nique involves the use of large amounts of highly
toxic organic solvents and is rclatively expensive.
Likewise, these alimentary materials contain a se-
rics of substances that might interfer with the de-
termination of Ochratoxin A under ultraviolct
light (1). Somctimes it is necessary to run several
different chromatographics using different sol-
vents, ncbulization by developing substances or
even a chemical derivation to confirm the pres-
ence of the toxin.

On the other hand, the serum is a less com-
plex material and yiclds a relatively clear extract
with smaller amounts of potentially interlering
substanccs. Therelore, the usc of scrum for the
detection of Ochratoxin A by thin layer chroma-
tography represents a rapid, scnsilive and low
cost diagnostic method. This technique involves
minimal handling of toxic substances and allows
a clear and dclinitive rcading and interpretation
of the results.

Hasert (1988) reported that concentrations of
1 pug/l of Ochratoxin A can be detected in swine
scruin up to 28 days after the toxin has been given
to the animals with a dict containing 0.25 mg of
Ochratoxin A daily during a period of three
weeks.

The objectives of the study reported here were
to investigate the cfficicncy of the Ochratoxin A
determination in blood scrum of pigs using TLC
and the usc of this technique for scrological sur-
veys on herds.

MATERIALS AND METHODS
A) Biologic material

The scra were obtained from 444 swine blood
samples collected at the slaughterhouse from
14.01.91 to 13.05.91. The sampled pigs originated
from 236 herds in the arcas of Schleswig-Holstcin
and Niedersachsen (North Germany).

B) Extraction

The method used for Ochratoxin A cxtraction
has been previously described by MORTENSEN
¢t al (1983) and modificd by Hascrt (1988). The
identification and quantification were performed
according to techniques described by Nesheim ct
al (1973).
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FIGURE 1 - Scheme of the analysis for detection of Ochratox-
in A in swine blood scrum:

Extraction: - mix 5 ml of serum with 5 ml of HCL
1 mol.
- shake two times with 10 ml of
CHCL,
- centrifuge at 4000 rpm for 10 min.
Extract clearification: - remove chloroform phase;
- filter through sodium sulphate;
- evaporate (rotavapor)
- dilute the extract in 100 V 1 of
CIICL,
Chromatography: - apply 40 pl--of -the -extract -to-the
chromotographic plate
- toelute in:
a) benzene: methanol: acetic  acid
(90:5.5)
b) tolucne: methanol: acetic acid
(90:5:5)

For the extraction (figure 1) 5 ml of serum
were [illed in a centrifuge tube (Mod. Kranich,
(100x44mm high x @ )) (Erich Wicgand GmbI)
to which 5 ml of cloridric acid 1 mol (E. Mcrck)
were added, gently mixed and allowed to rest for 3
minutes. After that, 10 ml of chloroform (E.
Merck) were added followed by stirring for 1 min-
ute with a stirrer (Vibrofix VF2) until a mitky
emulsion was obtained. By using this procedure it
is possible to obtain both protein precipitation and
Ochratoxin A chloroform  solubility. Then the
samples were centrifuged at 4000 rpm for 10 min-
utes in order to It the separation of the three phas-
es occur. After that, the chloroform phase (bot-
tom) was aspirated by using a needle attached to a
10 ml disposable syringe. The necdle had to be
carcfully introduccd strictly close to the tube wall
to avoid aspiration of the protcin and aqucous
phase. By using the ncedle, the protein laycr was
fractionated, added to 10 ml of chloroform and
mixed until a milky emulsion was obtained,
whereon the extract was finally centrifuged.

The chloroform phases were filtered through
anidre sodium sulphate (Na,SO,) (approximately
1 g) (E. Merck) and placed on an cxtrelut 20 tube
(E. Merck). A picee of cotton scrved as a lid to
closc the tube base and then 2 ml of chloroform
were added. Alter that, the [iltrate was collected in
a 25 ml volumetric bottle (Erich Wicgand GmbH).
Finally, 2 ml of chloroform wcre added to the
Na,SO, and allowed to stand until the dripping
has ceased. Under pressure, the rest of the extrelut
tube contents was cxpelled. After that, the con-
tents of the volumetric bottle was evaporated in a
Rotavapor.
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C) Identification by the thin layer chromatog-
raphy

The extract obtained was dissolved in 100 pl
of chloroform, 40 ul being linearly applicd over
the G 60 silica gel chromatoplates (E. Mcrck) at A
to C segments by using a microsyringe (Hamilton
Bonaduz AG) and then the application line was
dried with a stream of hot air. Ten microliters of
Ochratoxin A standard (2 ng Ochratoxin A/ul)
were applied from point B to D, in order to obtain
both internal and cxternal standards (figure 2).

The plates were developed in a saturation
chamber (Erich Wicgand GmbH) containing ben-
zene:methanol:acetic acid (90:5:5 v/v/v) or 1o-
lucne:methanol:acetic  acid (90:5:5 v/v/iv) (E.
Merck), After the solvent had reached the front
line (20-25 min), the plates were removed and al-
lowed to dry at room temperature for 30 min.

The chromatographic platcs were examincd
under long-wave (360nm) ultraviolet light (Desa-
ga GmbH) where a blue-green fluorescence de-
rived from the Ochratoxin A. The tests were re-
garded as positive when the fluorescence was
obscrved through all the A-D application seg-
ment (ligure 2).

lem

7.5¢m

f | { 1 [ |
1.5 cm abcd abcd abcd abececd

- ¢: sample

- d: standard

- ¢: Sample with internal standard

- d: External standard

FIGURE 2 - Graphic representation of the thin layer chromato-
graphic plate.

a
b
b
c

The semi-quantitative analysis of the Ochra-
toxin A concentration was made by comparing the
fluorescence by dilfcrent standard concentrations.
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The following formula was used to calculate
the concentration of the toxin/ml serum:

OA ng/ml =M§— x CF being:

4x5x

= OA visualized on the plate (ng)
= vol. of utilized CHC13 (20 ml)
= vol. of CHC13 in the redilution (100 pul)
= vol. of recovered cluate
serum vol. (5 ml)
= vol. applied on the plate (40 pl)
C = corrcction factor

IO R W N

The correction factor (CF) was calculated
bascd on the following formulae:

RR =4t x 100 being:
jd

RR = recovery rate
dt = detected toxin (ng/ml of serum)
at = added toxin (ng/ml of scrum)

CF =100 pin g
RR

CF = corrcction factor
RR = recovery rate

RESULTS AND DISCUSSION

In this study we used OA-free serum samples
to which increasing concentrations of the toxin
were added. By analyzing these samples we were
ablc to obtain a recovery rate of 92.5% (Standard
deviation = 12.16).

The recovery rate obtained leads to a correc-
tion factor of 1.1.

TABLE 1 - Ochratoxin A recovery rates (RR) in swine blood
serum.

Added Recovery of Ochratoxin A’ Mean %
Ochratoxin A (ng/ml)in the sera of
(ng/ml) recovery

1 2 3 4 5

1 06 1 0.9 90
4 5 5 4.8 96
10 10 10 8 8 10 9.2 92
50 50 50 32 45 45 444 888
100 100 100 9% 90 100 960 96
200 180 180 180 200 160 180.0 90

1 1 1
5 6 4

RR Mean 92.5%
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In those tests in which the serum concentra-
tion of Ochratoxin A was above 30 ng/ml (thus
Icading to a too high [luorescence in the plate) the
quantification was quite difficult to obtain, be-
cause almost no difference was evident between
bands with close concentrations such as 31 or 32
ng/ml. In those cases, a new extraction was per-
formed, either using a smaller amount of scrum or
adding less extract (10-20 ui), in order to have less
toxin reacting and consequently a fluorescence in-
tensity which-allowed more exact quantification. .

On the chromatoqraphic plates it is possible,
to distinguish bands of fluorescence down to 1 ng.
The use of this value in the formula mentioned
above for the Ochratoxin A concentration in the
sample leads to a detection level of 0.6 ng/ml.

One hundred and forty five (37.21%) out of
the 444 samples collected from 14.01.91 to
13.05.91 were found to be contaminated with con-
centrations of Ochratoxin A above 0.6 ng/ml.
Eighty two (39.81%) out of the 206 sampled herds
showed at least one positive sample.

The levels of contamination of OA and the re-
lation of contaminated samples detected per herd
arc shown in table 2.

TABLE 2 - Ochratoxin A levels in swine sera from Schles-
wing - Iolstein and Niedersachsen (North Germany) from
14.01.91 10 13.05.1991.

Group ng/ml N2 of samples %
<0.6 301 67.79
0.6-5.0 95 21.40
5.1-10 30 6.76
> 10 18 4.05
Total 444 100.00

The average Ochratoxin A concentration de-
termined in the positive samples was 4.69 ng/ml,
with values ranging from 0.6 ng/mi to 37 ng/ml. In
a previous experiment, studying 786 scrum sam-
ples, Hasert (1988) found 76 being (26.6%) posi-
tive, of which 7 samples out of 10 (2.45%) wcre
found to be contaminated with Ochratoxin A con-
centrations above of 10 pg/l. Haupt(1989) found
that 54.09% (of 1200 samples) were contaminated
with doses above 0.6 ng/ml and 4.79% were con-
taminated with Ochratoxin A concentrations
above 10 ng/ml.

In order to substantiatc the statistical accuracy
of testing with only one sample per herd, as de-
scribed by Hult (1980), in this study we tested sera
from 1 to 10 (average of 2.15) per herd (table 3).
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The sum of the cases in which no sample was
found contaminated in the herd plus the total of
cases in which all samples were positive resulted
in a rate of 87.5%. The results already known are
quite promising regarding the use of this technique
for serological survey, since it allows a highly pre-
cise estimation (nearly 88%) of the contamination
rate by testing only one sample per herd. Further-
more, this study continues to be carried on by test-
ing a larger number of samples in order to achieve
a higher statistical accuracy.

TABLE 3 - Distribution by percentage of positive sera related
to the total samples collected per herd.

% Herds Scra %
positive sera n Positiveftotal tested samples
0 124 0/256 60.192
1-20 1 1/5 0.49
21-40 9 10/31 4.37
41 -60 12 16/33 5.83
61 -80 2 6/8 0.97
81-99 1 8/9 0.49
100 57 102/102 27.66>
Total 206 143/444 100.00
a+b=8785%

Since Ochratoxin A displays a long residual
activity in swine serum, contamination can be de-
tected even a long time after consumption of con-
taminated feed (3). Likewise, because sampling of
feed for analysis often involves a risk of taking
non-representative samples thus lcading to less re-
liable results, the scrum is easy to obtain and con-
stitutes an unequivocally representative sample.

Based on our results we conclude that the de-
tection of Ochratoxin A in serum represents an ac-
curate, useful and suitable method to be uscd in
epidemiological surveys of this mycotoxicosis in
swinc.

RESUMO

Determinagio de ocratoxina A
no soro de suinos através de cromatografia em
camada delgada

A determinagdio de Ocratoxina A (metabdlito
sccunddrio de fungos do género Aspergillus e Peni-
cillium) no soro de suinos por cromatografia em ca-
mada delgada (CCD) e a extragfio liquido-liquido
representa um método eficiente e preciso com uma
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taxa de recuperagfo de 92.5%. O método permite a
confirmagfio da suspeita de Ocratoxicose pcla de-
terminagfio da Ocratoxina A no soro sangiiinco. A
grande afinidade da Ocratoxina A pelas albuminas
séricas tornam este método recomenddvel para le-
vantamentos epidemioldgicos permitindo o estudo
de contaminag¢&es por Ocratoxina A em rcbanhos,
sem que seja necessirio o exame das ragdes consu-
midas. Neste trabatho pode-se verificar uma conta-
minacfio de 32.21% de um total de 444 soros cole-
tados na regido de Scheleswig-Holstein, norte da
Alemanha, em concentracfes acima de 0.6 ng/ml.
Além disto os custos relativamente baixos e a rapi-
dez com que se obtém o diagnéstico permitem o
emprego rotineiro da técnica em qualquer labo-
ratdrio de micotoxicologia.

Palavras-chaves: Ocratoxina A, Diagnéstico,

Soro, Suino, CCD.
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XYLANASES FROM THERMOPHILIC HUMICOLA SP. AND THEIR APPLICATION

PURIFICATION AND CHARACTERIZATION OF THERMOSTABLE

IN PULP IMPROVEMENT
Roberto da Silva
Dong K. Yim
Yong K. Park
ABSTRACT

A thermophilic Humicola sp. isolated from decayed wood produced thermostable
extracellular xylanase at 50°C. Enzyme purification was done by DEAE-Sephadex
and CM-Sephadex C-50 gel column chromatography and three protein fractions with
xylanase activity were found. Optimal pH and temperature values for the three xyla-
nases were pH 5.0 and 5.6 and 75°C. Othcer characteristics of the enzymes were inves-
tigated and it was found that xylanase I was an endoxylanase while xylanase II was a
xylosidase (exoxylanase). Xylanase III was an endoxylanase and also showed arabi-
nosidase and CMCase activities. Treatment of bleached Kraft cucalyptus pulp with
purified and crude enzymes enhanced pulp brightness compared to untreated pulp. Xy-
lanase I and crude xylanase increased pulp viscosity whereas xylanase II and III de-
creased it due to the presence of CMCase activity.

Key words: Thermophilic Humicola sp.; thermostable xylanases; endoxylanase; xy-

losidase; Bleached Kralt cucalyptus pulp

INTRODUCTION

Lignocellulose consists of three major compo-
nents which are cellulose, hemicellulose and lig-
nin, Xylans compose most of the hemicellulose
fraction. Agricultural residues contain 20-40% of
hemicellulose which thus represents an important
resource that could be employed for conversion of
biomass to xylosc or xylooligosaccharides by
chemical processcs or by the use of xylanascs.

In recent years, there has been an incrcasing
interest in utilizing xylanases for conversion of xy-
lans to xylose or in pulping processes. These en-
zymes have been particularly used to facilitate the
bleaching of Kraft pulp and to improve fiber prop-

erties (2, 3, 7, 8, 13). During the carly stages of al-
kaline-based pulping processes, xylans are largely
dissolved but can be reprecipitated onto the fiber
surface, so that 10-30% (W/W) remain in the fin-
ished alkali of Kraft pulp (10). Since rcmoval of
xylans from pulp is a desirable step that can be
achieved using xylanases, xylose can be obtained
as a by-product of pulp trcatment.

The lack of thermostability exhibited by xyla-
nascs from microorganisms results in low hydroly-
sis clliciencics. Therefore, the use of thermostable
xylanases to carry out xylan hydrolysis at high
temperatures over prolongued periods of time
might enhance both the technical and economic
feasibility of the hydrolysis process (16).

Universidade Estadual de Campinas, Faculdade de Engenharia de Alimentos (UNICAMP), Campinas, SP, Brasil.
Enderego para correspondéncia: Yong K. Park - FEA, UNICAMP - Caixa Postal 6121 - Campinas, SP, Brasil.
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The aim of the present work was to screen
thermophilic straing of microorganisms for ther-
mostable xylanase production and to purify and
characterize the enzymes involved. Purified xyla-
nases were also added to bleached Kraft cucalyp-
tus pulp in an attempt to improve pulp quality.

MATERIALS AND METIIODS

Isolation of xylanase-producing thermo-
philic microorganisms. Aproximately 1g of soil
or decayed wood was inoculated into test-tubes
containing 10ml of the enrichment medium and in-
cubated at 50°C for 1 weck. After incubation, cul-
tures were dilutes with sterilized water and inocu-
lated onto potato dextrose agar platcs. Plates were
then kept at 50°C and the colonies subsequently
transferred to slant cultures. The composition of
the enrichment medium was as described by Man-
dels and Sternberg (6), with 1% of cellulose being
substituted by xylan (oat spelt xylan, Sigma). Iso-
lated thermophilic microorganisms from the slant
cultures were inoculated into 100ml of culture me-
dium inside 500m! Erlenmeyer flasks and incubat-
ed at 50°C with shaking (200rpm) for 5 days. At
the end of the incubation period, flask contents
were filtered and the xylanolytic acitivitics of the
filtrates determined.

Production of enzyme by solid state fer-
mentation. The production of enzyme by solid
state fcrmentation was carricd out using isolated
strains of microorganisms which produced the
highest xylanase activity but lowest levels of cel-
lulolitic enzymes. Solid culturc mcdium was pre-
parcd by mixing equal weights of wheat bran and
watcr and then placing 20g of this mixture in
500m] Erlenmeyer {lasks, which were then steril-
ized in an autoclave. Spores of a selected strain
from a slant culture were inoculatcd into the
flasks and kept at 50°C for 4 days. Alter incuba-
tion, 100ml of watcr were added to cach flask for
enzyme extraction; the obtained cextracts were [il-
tered through filter paper.

Assays for enzyme activities. The activitics
of endo-1,4-B-D-xylanasc (1,4-B-D-xylan xylano-
hydrolase, EC 3.2.1.8) and carboxy-mcthy-
lecllulase or CMCasc (endo-1,4-B-D-glucan glu-
canohydrolase, EC 3.2.1.4) were determined by in-
cubating a mixturc of 0.9ml of a 1% substrate so-
lution in 0.1M acetate buffer pH 5.0 (Jarchwood
xylan and carboxymcthylcellulose, Sigma Co.,)
and 0.1ml of adequately diluted enzyme at 60°C
for 10 min. Reducing substances were then quanti-
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fied using a dinitrosalicylic acid (DNS) solution.
Avicelase  activity  (exo-1,4-B-D-cellobiohydro-
lase, EC 3.2.191) was also detcrmined as
described above, substituting substrate with avicel
(Sigma Co.). Activities of exo-1,4-B-D-xylosidase

 (B-D-xylan xylohydrolase, EC 3.2.1.37), B-

glucosidase or cellobiase (B-D-glucoside glucohy-
drolase, EC 3.2.1.21) and o-glucosidase were
determined by incubating a mixture of 0.9ml of
their respective substrates 1 mM in 0.1IM acetate
buffer, pH 5.0 (namely: p-nitrophenyl B-D-
xylopyranoside, pNPX (Sigma); p-nitro-pheny! B-
D-glucopyranoside, pNPG  (Sigma));  p-
nitrophenyl  o-D-glucopyranoside  (Koch-Light
Lab.)) and 0.1ml of the adequately diluted en-
zyme, at 60°C for 10 min. The activity of o-L-
arabinofuranosidase, EC 3.2.1.55 was dctermined
using p-nitrophenyl-o-L-arabinofuranoside, pNPA
(Sigma) as substrate. The reaction mixture, con-
sisting of 0.5ml of 1 mM pNPA in 0.1M acctate
bulfer pH 5.0, 0.3ml of 0.1M acetate buffer pH 5.0
and 0.2ml of the adequatcly dilutcd enzyme, was
incubated at 60°C for 10 min. All the rcactions
were terminated by addition of 6ml of 0.1N NaOH
and the amount of p-nitrophenol rcleased deter-
mincd at 420 nm, One unit of the respective en-
zyme activity was defined as the amount of en-
zyme needed to liberate 1 umole of p-nitrophenol,
xylose and glucose per minute under the assay
conditions.

Purification of xylanases. The cnzyme ex-
tract (1.500ml pooled from 20 Erlenmeyer flasks
when obtained by solid statc fermentation) was
precipitated by addition of absolute ethanol to
70%vol., centrifuged and the precipitate dricd.
Two grams of dricd precipitate (crude enzyme)
were dissolved in 20ml of 0.05M acetate buller
pH 5.0 and centrifuged to discard insoluble sol-
ids. The supernatant was applied to the top of a
column charged with DEAE-Sephadex A-50
which equilibrated with the same acetate buller,
and 6 ml/30 min clutcd with the same acctate
buffer until complete clution of the non-adsorbed
protcin. A saline concentration gradient, 0.1-1.0
N, was then applicd to the column, Enzyme frac-
tions obtaincd by DEAE-Scphadex A-50 column
chromatography were dialyscd against 0.05M ac-
etate bulfer pH 5.0 and then applied to a CM-
Scphadex C-50 column equilibrated with the
same acctate bulfer. Elution was carried out as
described for DEAE-Sephadex A-50 column
chromatography. All samples from CM-Sephadex
C-50 column chromatography were dialysed
against deionized water and freeze dried.
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Analysis of enzymatic action pattern. Mix-
tures of 9ml of 1% solutions of both purified
larchwood xylan and oat spelt xylan (Sigma) in
0.1M acetate buffer pH 5.0 and 0.1ml of xylanase
(0.5 unit) were incubated at 60°C for 1 hour, fol-
lowed by inactivation of enzyme activity by heat-
ing. The hydrolysates were examined by descend-
ing paper chromatography using a Butanol-
Pyridine-Water (6:4:3) solvent system and silver
nitrate staining (12). Authentic standard samples
of D-xylose, xylobiose, L-arabinose and glucose
were purchased from Sigma, and xylotriose and
xylotetraose were prepared as described by Lee et
al (4). Two substrates (Larchwood and oat spelt
xylans from Sigma Co.) were used in this study.
Larchwood xylan was purilied to obtain purc B-
1,4-linked xylan as described by Taiz and Honing-
man (11), and oat spelt xylan was not purified.

SDS-Polyacrylamide gel electrrophoresis.
SDS-Page was performed by the method of Weber
and Osborn (14), using an electrophorcsis calibra-
tion kit for molecular weight determination (Phar-
macia Co.). Protein bands were staincd with Co-
massie brilliant bluc dye.

Quantitative determination of proteins.
Proteins were measured by the method of Lowry
et al (5), using bovine scrum albumin as standard.

Xylanase treatment of pulps. Blcached
Kraft eucalyptus pulps which had been preparcd
for making printing paper by Champion Paper &
Cecllulose Ltd. Mogi Guagu, SP, Brazil, were sus-
pended in enzyme solutions (non-purified crude
enzyme, xylanase I, II and II1, respectively). Each
suspension, .which consisted of 1.5% bleached
Kraft pulp (dry base) and enzyme solution con-
taining 1 unit of xylanase activity per ml, pH 5.0,
was incubated at 50°C for 5 hr and then washed
with distilled water by filtration, The viscositics of
enzyme-treated pulps were measured by determin-
ing the viscosity of the 0.5% pulp solutions using
0.5M cupricthylenediamine as a solvent and the
capillary viscometer described in TAPPI (Techni-
cal Association of Pulp and Pulp Industry) T-230
OM-82. Pulp brightness was mecasurcd by dircc-
tional reflectance at 457 nm as described in TAPPL
T-452 OM-87.

RESULTS AND DISCUSSION

Screening and identification of the micro-
organisms. It was found that one strain of ther-
mophilic fungus isolated from decayed wood of
the Amazon (Manaus, Brazil) produccd the high-
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est xylanase activity when compared to other iso-
lated thermophilic fungi. Furthermore, maximum
xylanase production from this strain was obtained
by solid state fermentation at 50°C for 4 days.
The strain was identififed as a species of the ge-
nus Humicola based on the Manual of Thermo-
philic Fungi (1).

Purification of xylanase. Ethanolic precipi-
tatcs from extract of wheat bran medium fermented
by Humicola sp. demonstrated extracellular xyla-
nase, xylosidase and arabinosidase activitics, as
shown in Table 1. The fungus also produced endo-
glucanase, B-glucosidase and o-glucosidase at lev-
els which were low compared to those reported for
other cellulose-producing microorganisms; no avi-
celulase activity was detected. The ethanolic pre-
cipitatcs were chromatographcd on DEAE-
Scphadex A-50 gel as described in Materials and

Jogul

TABLE 1 - The activity of the purified xylanases agéinst vari-
ous substrates.

Enzyme Ethanol  Xylanase Xylanase Xylanase
precipitates I iy m
Xylanase 23 585 430 109
Xylosidase 0.1 <0.01 2.7 <0.01
Arabinosidase 0.21 <0.01 20 55
CMCase 9.7 <0.01 14.0 270.0
Avicelase 0.02 <0.01 <0.01 <0.01
B-Glucosidase 0.7 <0.01 59 2.0
a-Glucosidase 0.05 <0.01 1.6 3.0

Number represent enzyme units mg-

Mcthods, and three protein fractions with xylanase
activity (Xylanase I, II and III) were obtained (Fig-
ure 1), Each fraction was further purified using a
CM-Sephadex C50 gel (a cation exchange resin).
The yiclds and purity of the three xylanases at each
purification step were calculated and are presented
in Table 2. The specific activities of Xylanase I, II
and III after final purification were 585 units mg!
(14.8% rccovery), 430 units mg (2.5% recovery)
and 109 units mg! (2.3% rccovery), respectively.
Other enzyme activities were also examined and
the data are shown in Table 1. It was found that
xylanase I hydrolysed both oat spelt xylan and
purilicd larchwood xylan to xylose, xylobiose and
xylotriose, resembling endoxylanase (Fig. 2).
Xylanase II hydrolysed p-nitrophenyl B-D-
xylopyranoside, indicating xylosidase activity (ex-
oxylanasc). This rcsult was confirmed by paper
chromatography, as shown in Fig. 2; the majority
of the xylooligosaccharides were converted to xy-
lose (Fig. 2B), indicating that the enzyme had an



Silva,R. daetal Rev. Microbiol., Sio Paulo, 25(2), 1994

-~ 3 Protein

1.0 O i Xylanase activity A 1.0
——m—=-; M NaCl L7
1.4 X ; Xylanase e R
e \ L
1.2+ ./.\. , L4 ,//
g : e
1.0k < 15
g ) - I
g0-8F : 3 L4 {4¢ {0.5 ¢
¢ P e L]
2 ey 8 =
0-° o AN/ 13s
%0.4b \) A X-IIT\ 1,8
ﬁ X-I e / X-II o ® g
- \ o
0.2F ° ('\./. ’ /O \ ° '1';1
()/“/ “~o—° o\o \'\< 8
L kO 1 e 1 1 i % i 1 i 1 A L
2 40 60 80 100 120 T40
Fractions

All xylanase activities were determined by using xylan

FIGURE 1 - DEAE-Sephadex A-50 column chromatograohy.

TABLE 2 - Summary of purification of xylanases from cthanol
precipitates.

Purification steps Total Total  Specific Recovery
protein activity  activity (%)
(mg) (units) (units mgl)

Ethanol precipitates 510 11,850 23 100
Xylanase I
DEAE-Sephadex
A-50 18 5,760 320 48.6
CM-Sephadex
C-50 3 1,755 585 14.8
Xylanase II
DEAE-Scphadex
A-50 7 1,230 176 10.4
CM-Scphadex
C-50 0.7 301 430 2.5
Xylanase ITT
DEAE-Sephadex
A-50 6.2 443 71 3.7
CM-Sephadex.
C-50 2.5 273 109 2.3
A; Oat spelt xylan B; Purified larchwood xylan
exo-type of function (hydrolysis of the terminal xy- ~ X Xylose A;  Arabinose
G; Glucose Xy Xylobiose

lose of xylan) hydrolysing the terminal chains of
xylooligosaccharides. The action of xylanase II is
thercfore similar to that of a xylosidase. On the oth- FIGURE 2 - Paper chromatographgy of xylan hydrolysates by
er hand, xylanase III hydrolysed oat spelt xylan to  the purified xylanases.

X33 Xylotriose
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remarkable amounts of xylose, xylobiose, xylotri-
ose, arabinose and glucose (Fig. 24), but degraded
purified larchwood xylan mainly to xylose, xylobi-
ose and xylotriose, thus resembling an endoxyla-
nase. Formation of arabinose and glucose from oat
spelt xylan is due to activitics of arabinosidase and
other enzymes described in Table 1. It is known
backbone which commonly contains side branches
of a-1,3-linked L-arabinofuranose and o-1,4-
linked D-glucopyranose or its 4-O-methyl ether
(15). Oat spelt xylan contains approximately 10%
arabinose and 15% glucose residues according to
Sigma Co., information. Xylanase III was also
found to contain CMCase activity, indicating that
the enzyme was not completely pure,

e ge— X=~1I
—o— X-II
X-III A-pH Optimum

B-Optimum temperature
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Enzyme treatment of bleached Kraft euca-
lyptus pulps. It is known that the pulp obtained
by combined xylanase pretreatment and bleaching
shows increased brightness and viscosity com-
pared to conventionally bleached pulp. Xylanase
pretreatment of Kraft pulp also has the advantage
of allowing brightness and viscosity to be reached
with reduced chlorine charge during the bleach-
ing stage (3, 13). In the present investigation, we
analyscd the effect of enzyme treatment after
bleaching of Kraft pulp. The bleached Kraft euca-

“lyptus pulp, which is used for print papcr making,
was obtained by a five-stage process (C, Ep,H,D
and H) that involves treatment with free chlorine
{C), NaOH and peroxide (Ep), Calcium hypo-
chlorite (H) and chlorine dioxide (D). The

C-pH Stability
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4 5 6 7 70 80 90 4 5 6 7 8 9 10
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pH 3.0 - 5.6 Acctate buffer; pH 5.7 - 8.0 phosphate buffer; pH 8.6 - 10 Glycine-NaOH buffer

Determination of enzyme activity is described in the text. For pH stability, enzyme in each pH solution was incubated for 24 hrs at
room temperature, and then measured enzyme activity.

FIGURE 3 - Effects of pH and temperature on xylanase activity.

Determination of molecular weight. Molcc-
ular weights as determined from the relative mo-
bility of six standard protcins on SDS-PAGE were
30.000 for xylanase I and 43.000 for xylanase II.
SDS-PAGE of xylanase III did not show a single
band of protein,
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bleached Kraft pulp was treated with purified xy-
lanase I, II and III, and with ethanol precipitate
(crude xylanase). The results are shown in Table
4. Enzyme-treated pulps were brighter than un-
treated control pulp. This was probably caused by
a loss of xylan during exposure to the enzymes.
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X-1I Xylanase

X-II Xylanase
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FIGURE 4 - Thermostability on xylanase activity.

TABLE 3 - Effect of metal ions and chemicals on xylanase ac-
tivity.

1x103 M Relative xylanase activity
X-I X-1I X-III

Control 100 100 100
CaCl, 106 123 128
ZnCl, 90 93 96
KCl1 100 102 100
BaCl, 100 100 102
MgS0,. 71,0 66 71 72
1gCl, 0 0 0
AgNO;y 93 35 24
CuS0,.511,0 18 15 24
CoCly 61,0 85 77 84
TcCly, 6H,0 81 58 66
EDTA 55 51 58

TABLE 4 - Enzyme-treated bleached kraft Eucalyptus pulps.

Brightness of pulp  Viscosity of pulp
(%) mPis (cp)
Xylanase I 87.1 20.0
Xylanase II 87.3 16.0
Xylanase OI 86.1 13.0
Ethanol precipitates 87.1 19.5
Control 85.8 19.0

Control is same as described in the method without enzyme.

Pulp viscosity was slightly higher after xylanasc I
and crude enzyme treatmet; xylanascs II and III,
on the other hand, decreased considerably the vis-

cosity of the pulp, indicating degradation of cellu-
losc chains. As shown in Table 1, xylanase III
contained a remarkable level of CMCase activity
which was only slight for xylanase II. Crude en-
zyme incrcased pulp viscosity very slightly, indi-
cating that trace amounts of CMCase do not af-
fect viscosity. Considering the results obtained, it
is concluded that a sinple enzyme extract from
culture medium (crude xylanase) can be succes-
fully employed for pulp treatment and improve-
ment of paper cellulose.

RESUMO

Purificacio e caracterizagiio das xilanases
termoestaveis e Humicola sp. e suas aplicagdes
no melhoria da polpa

A linhagem termofila Humicola sp., que foi
isolada de madeira em decomposicgiio, produz xila-
nascs extracelulares termocstdveis a 50°C. As xila-
nascs foram purificadas ¢ foram encontradas tés
ragBes de proteinas com atividade de xilanase. As
caracteristicas das trés xilanascs foram estudadas.
Verilicou-sc que a xilanase 1 ¢ uma cndoxilanasc;
a xilanase II é uma xilosidase (cxoxilanase) en-
quanto que a xilanase IIT é uma endoxilanase que
também apresenta atividade de arabinosidase ¢
CMCase. O tratamento da polpa "Kraft" branquea-
da obtida de cucalipto com enzima purificadas ¢
bruta aumentou o brilho da polpa quando compa-
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rada com a polpa sem este tratamento. Xilanase I ¢
xilanase bruta aumentaram a viscosidade da polpa
enquanto xilanase II ¢ III diminufram a viscosi-
dade devido a presenca de atividade CMCase.

Palavras-chave: Humicola sp. terméfila, Xilanas-
¢s termocstaveis, endoxilanases, xilosidases, Kraft
polpa branqueada.
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EFFECT OF pH AND TEMPERATURE ON BACILLUS SUBTILIS ATCC 601
0-AMYLASE PRODUCTION. SOME PROPERTIES OF THE CRUDE ENZYME

Terezinha de Jesus Garcia Salval
Iracema O. Moraes?

SUMMARY

The influence of initial culture medium pH and growth temperature on Bacillus
subtilis ATCC 601 alfa-amylase production as well as some properties of the crude en-
zyme were investigated. Enzyme production was highest at 37°C. The overall specific
enzyme activity (E_, /X ) showed that maximum enzyme synthesis was not due to
greater microbial growth but to an increase in enzyme synthesis per cell mass unit.
The study of the effect of culture medium pH on enzyme production revealed that the
rise observed at pH 7 was also due to incrcased synthesis per cell mass unit. Optimum
temperature for enzyme activity was around 50°C and optimum pH between 5.4 and
6.4. The enzyme was not very stable at 60°C and was completely inactivated after 10
minutes at 80°C. 10mM Ca?* stabilized the enzyme, whereas 10mM EDTA destabi-
lized it. EDTA action was such that the residual activity of the EDTA-treated enzyme
incubated at 50°C was similar to that of the crude enzyme incubated at 80°C. The ac-
tion of the enzyme on starch did not result in glucose generation. The sugars formed

varied from maltose to maltoheptaose.

Key words: o-amylase, Bacillus subtilis

INTRODUCTION

The a-amylasc enzymes (0-1,4 glucan 4 glu-
canohydrolase, EC 3.2.1.1.) are synthetized by al-
most all microorganisms of the Bacillus genus.
Amongst the producers arc Bacillus subtilis, Bacil-
lus macerans, Bacillus licheniformis, Bacillus am-
yloliquefaciens, Bacillus coagulans and Bacillus
stearothermophilus.

Experiments on microbial enzyme production
have shown that optimal conditions for ccll
growth are not always adequate for enzyme pro-
duction. Bacillus licheniformis CUM 305 did not
produce a-amylase at 30°C altough it grew very
well at this temperature. The strain did not grow at

pH 4.0 but was able to do so and also secrete the
enzyme between pH 5.0 and 10.0, with maximal
production at pH 6.5 (3). Bajpai & Bajpai (1) iso-
lated a Bacillus licheniformis that produced great-
er enzyme quantities when incubated at 35°C and
pH valucs that ranged from 6.0 to 9.0.

Although Saito & Yamamoto (18) did not car-
ry out a systematic investigation on the effect of
the fermentation temperature on o-amylase syn-
thesis, they studicd a Bacillus licheniformis which
produced a-amylase at temperaturcs around 50°C
and never produced the enzyme at temperatures
lower than 45°C.

With respect to enzyme properties, the ther-
mosensibility of the o-amylase produced by the

1. Instituto de Tecnologia de Alimentos -ITAL - Av Brasil, 2880, Caixa Postal, 139 -CEP 13.073-001 - Campinas - SP - Brazil.
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2. Departamento de Engenharia de Alimentos -DETA - UNESP - SIRP, Caixa Postal, 136 - Sio José do Rio Preto - SP - Brazil.
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Bacillus genus varics not only as a function of
strain characteristics but also as a function of the
reaction medium composition. Enzyme concentra-
tion (2), substrate concentration (2, 6, 8) and the
concentrations of metal ions (7, 10), urea and
EDTA (9, 10) may affect enzyme activity and en-
zyme stability at different pH values (10). The
calcium ion is particularly important for oi-amylase

activity. All o-amylases have calcium bound to
their molecules and the strength of the bond varies
with the enzyme source. In the presence of calcium

ions, this enzyme is more resistant to extreme pH ™

and temperature values, to urca treatment and to the
action of some proteases (16, 19).

Bacillus o-amylases have maximum activity
between 50°C and 90°C (8, 11, 14, 17). There are
strains belonging to this genus that produce en-
zymes with optimum activitics at pH values as low
as 3.5 or as high as 10.6 (7, 8).

The purpose of this rescarch was to study the
effoct ot the initial pH of the culture medium and
growth temperature on Bacillus subtilis ATCC
601 o-amylase synthesis, as wcll as some proper-
tics of the crude enzyme.

MATERIALS AND METHODS

Effect of pH of the Culture Medium and
Fermentation Temperature on o-amylase
Production

Microorganisms - The microorganism uscd
throughout this study was Bacillus subtilis ATCC
601 maintained on nutrient agar slants at 30°C for
3 days. Stock culturcs were maintained on nutrient
agar slants immersed in mincral oil at 5°C.

Medium - The culture medium composition
was (g/1): NH,),S0,-2.5; MgSO,.7H,0-0.5; KCI-
0.5; K,HPO,-1.0; yeast extract (Difco)-5.0; dex-
trin  (Merck)-4.0; bacto peptone (Dilco)-10.0;
CaCl,-0.148. CaCl, was added to the sterilized
medium as a concentrated sterilized solution. The
pH was adjusted to 7.0 with KOH 5N before steril-
ization at 121°C for 15 minutcs, except when the
effect of pH on enzyme production was studicd.

Inoculum - A loopful of microorganisms was
transferred to 100ml of growth medium contained
in a 500m1 Erlenmeyer flask. The culture was in-
cubated for 18hr at 37°C in an incubator shaker,
New Brunswick Sci. Co, at 200rpm.

Fermentation - This was carricd out in
1000m1 Erlenmeyer flasks containing 400ml of
culture medium to which 20ml of inoculum adjus-
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ted to 24mg of dry cell mass with sterilized water
were added. The inoculated medium was incubat-
ed for 72 hours at 37°C, 200 rpm, except for the
study of the effcct of temperature on o-amylase
production. All the samples for enzyme assaying
were collected from the same flask, the results pre-
sented to the mean of two experiments.

The elfect of pH on enzyme production - In
this study, the pH of the medium was adjusted to
cover the 4.0 to 10.0 range using KOH 5N or HC1
5N before sterilization.

" The efféct of temperatiire on enzyme produc-
tion - This study was carried out in the inoculated
culture medium incubated for 72hr at 30°C, 33°C,
37°C, and 40°C at 200rpm.

o-Amylase assay - Enzyme activity was de-
termined in the clear solution obtained by centri-
fuging the fermented liquid at 13.000g (10 min-
utes, 5°C). The dextrinizing activity was assayed
by the method of Medda & Chandra (14) at 50°C
and pH 6.0 using 0.1M citric acid-sodium phos-
phate buffer. The rcaction mixture contained
0.5ml of 1% starch solution, 0.3ml of distilled wa-
ter, 0.1ml of buffer and 0.1ml of enzyme solution
suitably diluted. After incubation for 5 minutes,
the reaction was stopped by adding 0.5ml of IN
HCL In determining dextrinizing activity, colour
was developed by adding 0.1ml of iodine solution
(0.3% 1, in 3.0% KI solution) and diluting to
15ml. The optical density of the blue-coloured so-
lution was measured at 620nm. One unit of en-
zyme activity (DU) was defined as the amount of
enzyme which brings about the hydrolysis of Img
of starch per minute in the presence of 5.0mg of
substrate.

Bacterial dry weight - Mcasurcments were
made in triplicates and averaged. Samples were
centrifuged and the precipitates placed in pre-
weighed pans.The precipitatcs were dricd  at
105°C to constant weight. Onc unit of optical den-
sity at 660nm corresponded to a bacterial dry
weight of 0.6051mg/ml. During the experiments,
optical density was measurcd and converted to dry
weight.

Properties of the crude enzyme

Enzyme extract - The crude enzyme was ob-
tained from a fermentation flask where the initial
pH of the medium had been adjusted to 7.0. At the
end of the incubation time, the broth was centri-
fuged at 13.000g for 10 minutes at 5°C. The super-
natant at pH 8.4 10 8.8, dialyscd or otherwise, was
uscd in the experiments. When the cxperiment re-
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quired a dialysed solution, this was carried out us-
ing distilled water at 5°C for 64 hr, with periodic
changes of water.

Thermal stability - After incubation at ap-

propriate temperatures, the samples were immedi-
ately immersed in an ice bath and assayed for dex-
trinizing activity. The effect of Ca?* on the thermal
stability of the enzyme was investigated by adding
sufficient amounts of CaCl, to the non-dialysed
enzyme solution to obtain levels of 10mM Ca?*
and 20mM Ca?* . The effect of substrate was stud-
icd by adding 2 ml of a 2% soluble starch solution
prepared in 0.1M citric acid-sodium phosphate
buffer at pH 6.0 to 3ml of a non-dialysed enzyme
solution.The effect of EDTA (disodium ethylene-
diaminetetracetic acid) was studied in a non-
dialysed solution containing 10mM of the salt.

Effect of temperature on enzyme activity -
The enzyme's activity profile was obtained by
measuring enzymatic activities in 0.1M citric acid-
sodium phosphate buffer, pH 6.0, between 30°C
and 90°C.

Effect of pH on enzyme activity - The ef-
fect of pH and buffer composition on o-amylase
activity was investigated by measuring enzyme ac-
tivity at 50°C in different buffer solutions.

Action pattern of the enzyme on soluble
starch - Five millilitres of a 2% soluble starch so-
lution prepared in 0.1M citric acid-sodium phos-
phate buffer at pH 6.0 were incubated at 37°C
with 2ml of dialysed enzyme solution containing
37DU/ml. The mixture was incubated at 37°C and
the hydrolysis stopped using 0.2ml of 6N HCI af-
ter 24hr or 48hr. The sugars in the digestion mix-
turec were identified by descending chromatogra-
phy. Fifteen microlitres of solution were applied to
Whatman n°l paper. Column deveclopment of the
chromatograms was achicved by spraying the
paper strips with a solution of 22.75ml aniline,
4.15g phthalic acid, 120ml n-butanol, 120ml ethyl
ether and 10ml distilled water (4).

RESULTS AND DISCUSSION

Effect of pH and Temperature on Enzyme
Production

Effect of temperature - The microorganism
grew well at all the temperatures assayed. Cell
mass increased for up to 24hr, the maximum cell
concentrations being 7.0g/l, 5.0g/l, 5.8g/l and
5.8g/1 at 30°C, 33°C, 37°C and 40°C, respectively.
The maximum enzyme concentration in the broth
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was obtained at 30°C and 33°C at time 48hr and
at 37°C and 40°C at time 72hr. Enzyme inactiva-
tion was not observed under any of these condi-
tions, The greatest enzyme production occurred at
37°C. At this temperature, the enzyme concentra-
tion in the culture broth after 72hr was 20DU/ml.
The lowest enzyme production was observed at
40°C with a maximum of 8DU/ml (Fig. 1). The
overall specific enzyme activity, E_ /X .., was -
highest at 37°C (32DU/mg) with the lowest value
also occurring at 40°C (11DU/mg) (Fig. 1), thus
showing that the increased enzyme production at
37°C was not due to greater microbial growth but
to higher enzyme synthesis per cell mass unit. Fig-
ure 1 also shows that there is a smaller difference
in the overall productivity (E_, /X ../t at 33°C
and 37°C than there is in the overall specific en-
zyme activity at these temperatures, This result
was a consequence of the shorter fermentation
time required to reach maximum enzyme activity
at 33°C. Both overall specific enzyme activity and
overall productivity indicated that an appropriate
temperature may stimulate the microbial cell to
produce the enzyme.

g
8

Overall specitic enzyme activity (DU/mg}

0754

{DU/mg/hr}

0
i

0.50-

]
(=]

3

0.254

Maximurm enzyme concentration (DU/mi)

Overal! productivity

[ T % T 0
Temperatura {°C)
FIGURE 1 - Effect of growth temperature on o-amylase pro-

duction —®— maximum enzyme concentration; —M8— over-
all specific enzyme activity; —A— overall productivity.

Effect of initial pH - Bacillus subtilis ATCC
601 strain did not grow in the culture media adjust-
ed to pH 4.0, 5.0 and 10.0. Autoclaving caused a
pH reduction of 0.3 pH units in all culture media.
In those media where bacterial growth occurred,
pH increased after 10 hours of fermentation, never
reaching values greater than 9.0. The enzyme ac-
tivity of the broth increased during the 72 hours of
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FIGURE 2 - Effect of the initial pH of the culture medium
on o-amylase production —@— maximum enzyme concen-
tration; —A~— overall specific enzyme activity; —M— over-
all productivity.

incubation at all pH valucs. The greatest enzyme
production occurred at pH 7.0 (20DU/ml - Fig. 2)
and was associated with the greatest overall specif-
ic enzyme activity (32DU/mg - Fig. 2) and overall
productivity (0.45DU/mg/hr - Fig. 2). The same
was obscrved with the lowest enzyme production
{(10DU/ml - Fig. 2) which was associated with the
lowest overall specific enzyme activity (13DU/mg
- Fig. 2) and lowest overall productivity (0.17DU/
mg/hr - Fig. 2). These results show that there is a
stimulation of enzyme synthesis at pH 7.0 and that
the higher enzyme production at this pH was not a
result of increased cell growth,

Properties of the crude enzyme

Thermal stability - The enzyme extract re-
tained 100% activity when incubated for 24 hours
at 37°C (Fig. 3). Poor stability was obscrved at
60°C and the activity was completely lost after 10
minutes at 80°C (Fig. 4). At 37°C, the non-
dialysed cnzyme extract was more stable than the
dialysed extract, probably duc to the removal of
the Ca?* cofactor and Mg?* ions during dialysis.
Starch stabilized the enzyme aflter one hour of
heating, which could be important in the hydroly-
sis of starch by this enzyme. The addition of
10mM and 20 mM Ca?* also stabilized the en-
zyme, as shown in Figure 3. After 24 hours at
50°C, the enzyme retained 64% and 100% of its in-
itial activity in the presence of 10mM and 20mM
Ca?*, respectively, whereas it exhibited only 25%
residual activity in the absence of the ion. As
shown in Figure 4, the enzyme was less thermosta-
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FIGURE 3 - Thermal stability of the Bacillus subtilis
ATCC 601 a-amylase at pll 6,0 —@— 37°C; —A— 50°C;
—M— 50°C with 10 mM Cat?; —O— 50°C with 20 mM
Ca*2; —0— 50°C with 1,3% soluble starch; ---@--- dialysed
solution at 37°C.
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FIGURE 4 - Thermal stability of the Bacillus subtilis
ATCC 601 a-amylase at pH 6,0 —®— 60°C; —A— 50°C;
«—0-— 50°C with 10 mM EDTA; —O— 80°C.

ble in the presence of 10mM EDTA, so that the sta-
bility of the EDTA-treated enzyme incubated at
50°C was similar to that recorded at 80°C. In the
abscence of EDTA, the enzyme retained, for exam-
ple, 98% of its activity after 40 minutes at 50°C;
however, in the presence of the chelant, the en-
zyme preserved only 9% of its activity after 20
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minutes at the same temperature. Both the Ca?t
and the EDTA rcsults reflect the action of the
calcium ion as an ¢-amylase stabilizer, since the
deleterious effect of EDTA is due to its ability to
bind the Ca?* of the enzyme molecule. Although
the intensity of the effect of both Ca?* and EDTA
may vary with enzyme source, onc may say that
the observed behaviour is very commom among
Bacillus enzymes. The calcium ion normally in-
crcases (-amylase thermal stability whereas
EDTA reduces it (3, 10, 14, 15).

Effect of temperature on enzyme activity
- Enzyme activity increased with tcmperature
within the range of 30°C to 50°C. A reduction
in enzyme activity was observed at values above
50°C, at a rate of 35% for each increase of 10°C
in the hydrolysis temperature (Fig. 5). The opti-
mum temperature of this o-amylase was around
50°C, which is lower than that described for oth-
er crude (10, 15) or purified (5, 20) o~-amylascs
produced by Bacillus subtilis. Those other crude
enzymes mentioned in the literature showed opti-
mum temperature values between 60°C and 70°C
at pH 5.8 to 6.0.

activity (%/ed

<]
1

Relotive

. . .
20 40 60 80 100
Temperotura (°C)

FIGURE 5 - Lffect of temperature on Bacillus subtilis
ATCC 601 a-amylase activity at pH 6,0.

Effect of pHI on enzyme activity - The opti-
mum pH for enzyme activity was between 5.4 and
6.4. There was a nearly 15% reduction in maximum
activity at pH 5.0 or 7.0 (Fig. 6). The enzyme activi-
ty of the extract varied not only with buffer pH but
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FIGURE 6 - Effect of plI on the Baculus subtilis ATCC
601 o-amylase at 50°C; —M— citric acid - trisodium citrate
buffer, —®— citric acid-sodium phosphate buffer; ---@---
phosphate buffer; --A--- borate buffer.

also with buffer composition. At pH 6.0, 96% of the
maximum activity was observed in citric acid-
sodium phosphate buffer as opposed to 86% in citric
acid-sodium citrate buffer. Since the ionic strength
of the latter buffer at pH 6.0 was 0.535 whereas that
of the citric acid-sodium phosphate buffer was
0.278, it is possible that such difference affects en-
zyme activity, but more detailed studies will have to
be carried out to confirm this hypothesis.

Products of starch hydrolysis - Figure 7
shows that the action of the enzyme on starch re-
sulted in the production of maltose to maltohep-
taose oligosaccharides after cither 24hr or 48hr. The
action of Bacillus subiilis ATCC 601 o-amylase on
soluble starch did not result in glucose gencration in
amounts detectable by paper chromatography, re-
sembling the o-amylase of Bacteroides amylophi-
lus studied by McWethy & Hartman (13).

RESUMO
Efeito do pH e temperatura na producio de
o—amilase por Bacillus subtilis ATCC 601.
Algumas propriedades da enzima bruta
Neste trabalho foram estudadas a influéncia

do pH inicial do meio de cultura e da temperatura
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FIGURE 7 - Chromatografic analysis of Bacillus subtilis
ATCC 601 o-amylase action on soluble starch, G, G,, Gs,
Gy, Gs, Gg, and Gy are glucose, maltose, maltotriose, malto-
tetrose, maltopentaose, maltohexaose and maltoheptaose re-

spectively, Digestion was performed with crude amylase for
24br (2) and 48hr (3).

de crescimento sobre a produciio de a-amilase por
Bacillus subtilis ATCC 601, bem como algumas
propricdades da enzima bruta. Houve maior pro-
ducio de enzima quando a fermentacéio foi realiza-
da a 37°C. A atividade enzimadtica especifica glo-
bal, E_, /X, .., mostrou que a maior concentragio
enzimatica no caldo de cultura fermentado a 37°C
ndo foi devida a um maior crescimento celular ¢
sim a uma maior sintcse de enzima por unidade de
massa celular, O estudo do efeito do pH inicial do
meio de cultura sobre a produciio da enzima mos-
trou que ela ocorrcu preferencialmente a pH 7,0,
também devido a um estimulo da sintese por uni-
dade de massa cclular. A temperatura 6tima da cn-
zima estd ao redor de 50°C ¢ o seu pH 6timo estd
entre 54 ¢ 6,4. A o-amilase de Bacillus subtilis
ATCC 601 mostrou-s¢ pouco estdvel a 60°C foi
completamente inativada quando mantida durante
10 minutos a 80°C. Ions Ca*?, nas concentragdes
de 10mM e 20mM, estabilizaram sensivelmente a
enzima, enquanto que a adi¢io de EDTA 10mM a
desestabilizou de tal modo que a enzima apresen-
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tou a 50°C um comportamento semelhante ao ob-
servado a 80°C. Ndo houve formagio de glicose
quando o amido foi hidrolisado por esta o-
amilase. Os acticares formados variaram de mal-
tose & maltoheptaose.

Palavras-chave: o-amilase, Bacillus subtilis.
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RHEOLOGICAL BEHAVIOR STUDIES ON ASPERGILLUS SP.
SUBMERGED CULTURE

Willibaldo Schmidell*
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SHORT COMMUNICATION

SUMMARY

The authors report preliminary results concerning the rheological behavior of cul-
ture medium during submerged culture of Aspergillus sp. The broth was pseudoplastic
and, according to the "power law", the flow behavior index (n) was almost constant
above a cell concentration of 5g/l, while the consistency index (K) exhibited an expo-

nential behavior.

Key words: rheological behavior; glucoamylase production; Aspergillus sp.' culture.

Rheological studics involving non-Newtonian
fermentation broth, particularly those rclated to the
growth of microorganisms in the mycclial form, are
rather scarce in the specialized literature (1, 5). Nev-
ertheless, this kind of data is of great importance for
an adequate estimation of power inputs in a typical
stirred reactor. In fact, some recent publications
have proposed the control of fermentation processes
through on-line rheological mecasurements (4).

The present study was undertaken to deter- .

mine rheological characteristics during submerged
culture of Aspergillus awamori NRRL 3112 in a
culture medium containing cassava flour as main
carbon source.

Fungal growth was carried out in a 10-litre
fermenter at a controlled temperature of 35°C and

The methodology employed for culture medi-
um preparation, inoculum growth and analytical
treatment of samples are described clsewhere (3).

The rheological propertics of the culture broth
were determined for all collected samples, em-
ploying a Brookficld Viscometer (Brookfield En-
gineering Lab., Inc., USA, Model LVT).

As it is normal practice in the pertinent litcra-
ture (1), generally, for a pscudoplastic fluid, the
“power law" permits a very good fit to experimen-
tal data, being it formerly stated as:

7 =K (dv/dx)"
where: T

Equation 1
= ghear stress

g.em!l, sec?)
(dv/dx) = rate of shear (sec'!)

(dyne.cm? or

pH 4.0. Acration flow rate and agitation {requency K = consistency index (g.cml.
were 10 Lmin? and 700 min!, respectively, main- sec™2)

taining an intcrnal pressure of 1.2 atm. n = {low behavior index

i. Escola Politécnica da Universidade de Sdo Paulo - Depto. de Engenharia Quimica, Caixa Postal 61548 - CEP 05424-970 -

Sdo Paulo - SP - Brasil.

2 Bolsista da Fundagfio de Amparo a Pesquisa do Estado de SZo Paulo (FAPESP).
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Defining apparent viscosity, ma as the relash-
ionship bewtween a certain measured shear stress
(1) corresponding to an imposed rate of shear (dv/
dx), it is possible to state that:

Na = K (dv/dx) n-1 Equation 2

or: logn. =log K+ (n-1) log (dv/dx)
Equation 3

In a typical rotational viscometer, it is possi-
ble to obtain different values for ma by submitting
fluid samples to different values of (dv/dx), which
are, in turn, directly correlated with the rotational
speed (N).

The experimental results were fitted quite
well by Equation 3, thus permitting the determina-
tion of paramecters n and K.,

The obtained valucs of n and K were plotted
against cell mass concentration (X), as shown in
Figure 1.

0.8 40

o
L
3 3
T 1

BEHAVIOR INDEX (0 )
(=]
E-3
+

+10

FLOW
[=]
»
+

+J

+
CONSISTENCY INDEX {K)g.cm=7 .gc™=2 )

X(g/e)

FIGURE 1 - Flow behavior index n ( @ ), and consistency in-
dex K (x) as a function of the cell mass concentration X (solid
line for K following equation 4).

It can be observed that there is a sharp de-
crease in the values of n at the beginning of the
process, until X is close to 5g/l. Subsequent to
this initial behavior, n becomes nearly constant
at around 0.3 until cxhaustion of the carbon
source, cxhibiting a tendency to increase after
this period.

On the other hand, K values are very low at
the beginning of the culture but, for values of X
above 5 g/l, start to increase sharply, leading thus
to a highly viscous broth,

Rev. Microbiol., Sio Paulo, 25(2), 1994

The observed behavior for both n and X is
quite similar to the data presented by Taguchi (5)
on culture of Endomyces sp.

The experimental valucs of K as a function
of X suggest an exponential behavior, as can be
seen in Figure 1. Based on this observation, the
following equation was fitted to the experimental
values:

K=0.51 031 X Equation 4

"As proposed by Calderbank & Moo-Young
(2), it is possible to define a modified Re-
ynolds number (N'g.) for pseudoplastic fluids,
such as:

N 'Re=——-———EDi2 " (—n..y*

Equati
01K 6n+2 quation 5

where:  Di = impeller diameter (cm)
N = impeller rotational speed (sec!)
p = fuiddensity (g.cm -3)

As discussed before, the flow behavior in-
dex (n) can be considered nearly constant (n =
0.3) during most part of the culture process,
while the consistency index (K) can be estimat-
ed through Equation 4. In this way, assuming
that p = 1.0 g cm3, the modified Reynolds
number for the Aspergillus sp. culture broth can
be expressed as follows:

N'go=4.67 Di® n}?

051 03I Equation 6
51 ¢™

The above equation can be very useful, since
it makes possible the estimation of N'g, as a func-
tion of cell concentration (X) for a certain set of
values of Di and N.

Through the estimates of N'p, it is then
possible to predict the power input in a
non-acrated system employing for this pur-
pose the empirical correlation proposed by
the previously mentioned Calderbank & Moo-
Young (2). »

Further rheological studics on Aspergillus
sp. submerged culture are presently being carried
out in our laboratory, employing several different
conditions of both air flow rate and agitation fre-
quency.
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RESUMO

Estudo do comportamento reolégico no cultivo
de Aspergillus em cultura submersa

Apresentam-se resultados preliminarcs relati-
vos ao comportamento rcoldgico observado du-
rante 0 cultivo submerso de Aspergillus. O caldo
comportou-se como pseudopldstico, ¢ de acordo
com a lei da poténcia, o indice de comportamento
do fluxo (n) manteve-s¢ aproximadamente cons-
tante para concentragdes celulares acima de 5 g/l,
enquanto o indice de consisténcia (K) apresenton
um comportamento exponencial,

Palavras-chave: comportamento reoldgico, pro-
dugio de glicoamilase, cultivo de Aspergillus.
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OPTIMAL CONDITIONS FOR SCP PRODUCTION BY MIXED CULTURES OF A.
NIGER AND CR. LAURENTII GROWN IN SUGAR CANE VINASSE MEDIUM

Sandra Regina Ceccato-Antoninil
Samia Maria Tauk-Tornisielo?

SUMMARY

Mixed cultures of Aspergillus niger and Cryptococcus laurenti grown in sugar
cane vinasse medium under continuous agitation were studied in order to establish op-
timal conditions (carbon:nitrogen:phosphorus ratios; carbohydrate concentration; ini-
tial pH; incubation temperature; incubation period) for biomass production and biolog-
ical depuration of vinasse, a waste product from the ethanol industry. Pure (single-
species) cultures of each microorganism were also analysed. Addition of nitrogen and
phosphorus to vinasse medium altered significantly biomass production, carbohydrate
consumption and BOD reduction. Protecin content of biomass was greatly increased
and BOD reduction diminished at carbohydrate concentrations higher than 3 gI. Both
initial pH and incubation temperature had little influence on BOD reduction (most lev-
els at around 50%). Vinasse pH was always around 7.0 after 48h of incubation."Mixed
cultures of A. niger and Cr. laurentii in sugar cane vinasse medium modified for opti-
mal growth (20: 3.0: 0.1 C:N:P ratio; 8 gl carbohydrate content; pH 4.6; 30°C)
reached maximal biomass concentrations after 24 hours of incubation; best results for
BOD reduction (around 80%) and protein yields (40%) were recorded after 72 h of
culture. Compared to pure cultures, the optimized mixed cultures of A. niger and Cr.
laurentii produced lower concentrations of biomass.

Key Words: vinasse, fungi, SCP.

INTRODUCTION

Vinasse (or stillage) is a waste product gener-
ated during ethanol production, and its current
disposal poses environmental problems. The
product is a dark, viscous, concentrated liquid
with low dissolved oxygen content, high turbidity
and low pH. However, due to its rich organic and
mineral contents and absence of toxic substances
(20), vinasse can be viewed as potential raw ma-
terial and many procedures have been suggested

to convert it into useful products such as microbi-
al protein.

Microalgae (9), bacteria (13), filamentous fun-
gi (12), mushrooms (3) and yeasts (20) have been
grown in vinasse either for biomass generation or
to decrease biochemical oxygen demand (BOD).
Attempts to reach high yields have been made by
supplementing culture media with nitrogen, using
mixed cultures and a two-stage process.

The use of mixed cultures for protein conver-
tion is a particularly attractive prospect and good

1. Departamento de Teenologia Agroindustrial e Socio-Economia Rural, Centro de Ciéncias Agrérias, Universidade Federal de
Sdo Carlos-Campus de Araras, Caixa Postal 153, CEP 13600-970, Araras, Brazil.
2. Centro de Estudos Ambicntais (CEA) e Departamento de Ecologia, Instituto de Biociéncias, UNESP-Campus de Rio Claro,

Caixa Postal 199, CEP 13506-900, Rio Claro, SP, Brazil.
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results have been obtained with a two-stage pro-
cess involving the growth of filamentous fungi
and yeasts. A 93% reduction in chemical oxygen
demand (COD) and a cell concentration equiva-
lent to 24 g1 of dried biomass have been at-
tained (22).

In a previous screening study, the combina-
tion of Aspergillus niger isolated from vinasse and
Cryptococcus laurentii isolated from soil pro-
duced significantly more biomass in fermentation
experiments than pure cultures (4). In this paper,
we report the effects of carbon, nitrogen and phos-
phorus ratios, carbohydrate concentration, initial
pH, temperature and time of incubation on the

~growth of mixed cultures of A. niger and Cr. lau-
rentii under continuous agitation to evaluate their
possible use as source of single-cell protein (SCP).
Estimates on vinasse depuration by the microor-
ganisms are also analysed.

MATERIALS AND METHODS

Media. The physical and chemical characteris-
tics of sugar cane vinasse from Usina S#o Jodo, Ara-
ras, Sdo Paulo, were: pH =4.2; BOD 16,000 mg O/
I; nitrogen 0.059%; Ca*2 0.054%; Mg*20.011%; K+
0.09%; PO,3 0.0006%; total carbohydrate 0.6%;
organic matter 1.25%. The composition of culture
media used are shown in Table 1. Vinasse was sup-
plemented with ammonium sulphate, phosphoric
acid and molasses to reach the desired C:N:P ratios.
After pH adjustmment with IN NaOH or 1IN HCI,
final media were pasteurized at 85°C for 20 minutes
and cooled to room temperature.

TABLE 1 - Composition of vinasse media and levels of treat-
ment for each parameter tested.

Parameters
Medium  C:N:Pratio  Carbohydrate Initial pH
concentration
I a 3glt 4.6
I 20:3.0:0.1 b 4.6
I 20:3.0:0.1 g gl c

a =20:3.0:0.1; 24:3.0:0.1; 27:3.0:0.1; 30:3.0:0.1
b=3,8,20and 32 gl
c=3.5,4.0,43;4.6;4.9; 52,55

Microorganisms, inocula and culture con-
ditions. A. niger was originally isolated from vi-
nasse and Cr laurentii from soil. 0.5 cm? of A. ni-
ger mycelia from four-day stock slants on

Rev. Microbiol., S@o Paulo, 25(2), 1994

Sabouraud-dextrose agar were transferred to 250
ml Erlenmeyer flasks containing 7.5 or 15 ml of
vinasse medium for mixed and pure cultures, re-
spectively. Loops of Cr. laurentii cells from
three-day stock slants on Sabouraud-dextrose agar
were transferred to 250 ml Erlenmeyer flasks
containing 50 ml of vinasse medium. All flasks
were incubated on a rotary shaker (250 rpm) at
30°C for 24-48 hours, or at 25°C, 30°C or 35°C
in experiments where the influence of tempera-
ture was being investigated. The suspensions of
inocula were handled separately and each sown to
give final mixed-culture concentrations and pure-
culture concentrations of 7.5% and 15% (vol/vol),
respectively,

Culture conditions for the fermentation exper-
iments were as follows: for optimization of C:N:P
ratios, carbohydrate concentrations and initial pH,
500-m1 Erlenmeyer flasks containing 100 ml of vi-
nasse media (I, IT or 1, see Table 1) were incubat-
ed on a rotary shaker (250 rpm) for 48h at 30°C.
For the incubation temperature tests, flasks con-
taining 100 ml of vinasse medium III (pH 4.6)
were kept at 25°C, 30°C and 35°C. Growth curves
for pure and mixed cultures were established in
100 ml of vinasse medium III (pH 4.6) at 30°C for
a period of 72 hours.

Analytical procedures. Samples (i.e. flask
contents) were vacuum-filtered through Whatman
paper (no 1) and the cells centrifuged at 10.000 g
for 20 minutes at 5°C. The pellet was then resus-
pended in distilled water and centrifuged once
more under the same conditions. Both sediment
and filtrate were dried overnight at 105°C. Pro-
tcin content was quantitated by the Kjeldahl
method for total nitrogen multiplied by 6.25 in
the dry biomass (1). Total carbohydrate content
was determined by the anthrone method (23). Fi-
nal culture pH was measured with a digital pH-
meter. Soluble biochemical oxygen demand
(BOD) was determined by the incubation method
at 20°C for 5 days (2).

Statistical Analysis. Thc Bartleit's test of
homogeneity of variance (16) was applied, fol-
lowed by the Kruskal-Wallis test or the one-way
analysis of variance for the heterogencous and
homogencous variances, respectively (17). When
these tests rejected the multisample hypothesis of
equal means, the non-parametric multiple com-
parison (NMC) or the Student-Newman-Keuls
(SNK) test were then applied to the means with
heterogencous or homogencous variances, respec-
tively (24). All tests were analysed at the 1% sig-
nificance level.
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RESULTS AND DISCUSSION

As shown in Table 2, highest biomass produc-
tion and BOD reduction were obtained in vinasse
medium with a C:N:P ratio of 20: 3.0: 0.1. Final
culture pH, carbohydrate consumption and protein
content were not significantly affected by C:N:P
ratios (except for a lower carbohydrate consump-
tion in medium with a 30: 3.0: 0.1 ratio). Previous
studies have demonstrated that nitrogen and phos-
phorus supplementation of medium by salts and
mineral acids can increase biomass and/or protein
content in cultures of yeasts and filamentous fungi
grown in vinasse (14, 19, 21).

Rev. Microbiol., Sio Paulo, 25(2), 1994

progressively as carbohydrate levels increased in
the medium. A similar finding has been described
for dilution of rum distillery slops, which led to an
increase in BOD reduction from 56% (non-diluted
media) to 75% (diluted media) (10).

Attempts to establish ideal concentrations of
solids (solube or total) in vinasse are scarce. Maxi-
mun vinasse carbohydrate content for Candida sp.
was set at 1% to avoid alchool production (15).
Almost all the parameters analysed herein pointed
to 8 gl'! as the optimal carbohydrate concentration
in vinasse medium for the species studied.

Biomass production was maximal when the
initial pH ranged between 3.5 and 4.0 (Table 4).

TABLE 2 - Effect of variation in C:N:P ratios on growth of mixed cultures of A. niger and Cr. laurentii in vinasse medium?,

C:N:P Biomass Protein Final Carbohydrate BOD

ratios eI’y (%) pH consumption (%) reduction (%)
20:3.0:0.1 6.71b+0.93 229ax1.1 55a+2.1 77.6b+63 78.1b+3.6
24:3.0:0.1 470 c+0.44 199a+26 45a+1.0 78.5bct5.2 625at114
27:3.0:0.1 424 ac £ 0.09 21.7a%+09 56a+t 1.0 81.2b+83 60.9a+3.1
30:3.0:0.1 3.10a+045 24a%26 49a+07 623 ac£6.6 53.1a+3.6

1 Culwre conditions: carbohydrate concentrations of vinasse medium: 3 gl't; T =30°C; N = 250 rpm; pH = 4.6; time of incuba-

tion = 48 hours.

Means values (n=4) followed by the same letters in the columns did not differ statistically at the 1% significance level accord-

ing to the SNK or NMC tests.

According to the present data, protein content
of the biomass was not affected by C:N:P ratios
but varied as a function of carbohydrate availabili-
ty, reaching about 40% at carbohydrate concentra-
tions of 8 gl or higher (Table 3). Carbohydrate
consumption peaked but biomass production
showed a significant decrease at a carbohydrate
concentration of 8 gll, The differences found be-
tween mean carbohydrate consumption values
may indicate the existence of low efficiency mech-
anisms for carbon uptake and metabolism when
this element is present in excess, as described else-
where (8). Likewise, BOD reduction diminished

Given that sporcs of A, niger are known to be
more sensitive to low pH than vegetative cells (7),
the ability of the mixed cultures to grow at lower
pH values may be explained by the fact that the
authors used the latter as inoculum, Protein con-
tent of the biomass, on the other hand, built up sig-
nificantly with greater initial pH values, reaching
46% at pH 4.9. Alcalinization of the medium was
observed from initial pH values of 4.6 upwards.
The increase in pH observed during fungal growth
in a substrate can be due to anion absorption (e.g.
organic acids) or ammonium production from ni-
trogen compounds (7). Both possibilities may ex-

TABLE3 - Effect of initial carbohydrate concentrations on growth of mixed culturesof A, niger and Cr. Laurentiiin vinasse medium 1,

Carbohydrate Biomass Protein Final’ Carbohydrate BOD
conc. (CIR) (%) pH consumption (%) reduction (%)
3ol 6712093 229at 1.1 55a+2.1 77.6a+63 78.1a%3.6
8 gl 4.02b+0.32 40.0b+2.1 58a%0.7 93.1b+1.3 50.0 ab+ 14.4
20 gl 627 at 1.31 40.0b+0.9 39a+0.1 77.6a£5.6 333b+157
32glt 6.68 a+0.50 39.6b:+ 1.0 41a+0.1 73.7a+2.1 327b+145

1 Initial culture conditions: C:N:P: ratio = 20: 3.0: 0,1; T = 30°C; N = 250 rpm; plI = 4.6; time of incubation = 48 hours.
Means values (n=4) followed by the same letters in the columns did not differ statistically at the 1% significance level according

to the SNK or NMC tests.
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TABLE 4 - Effect of initial pH on growth of mixed cultures of A. niger and Cr. laurentii in vinasse medium?.

Rev. Microbiol., Sio Paulo, 25(2), 1994

Initial Biomass Protein Final Carbohydrate BOD
pH g’y (%) pH consumption (%) reduction (%)
3.5 10.22a%1.95 353at12 31a%03 86.0 ac+ 0.8 47.7a+239
4.0 9.19a+ 111 33.6a+09 3.8abx 02 85.0ac*2.6 18.0a+19.6
4.3 5.66b£0.37 36.8ab+ 1.3 42b+0.1 83.9a+03 382a+9.5
4.6 4.02¢:+032 400b+2.1 58¢c%07 93.1b+13 5002144
4.9 485b%027 460c+ 1.8 5.0c+0.4 86.4 ac 2.0 572a+9.5
52 522b+0.22 393b%23 52¢%2.2 887c+22 43.0at155
55 578 b+ 1.00 36.9ab+09 51bct04 88.0 ack 1.5 43.0ax 155

1 _ Culture conditions: carbohydrate concentrations of vinasse medium: 8 gl-1; C:N:P: ratio = 20: 3.0: 0.1; T = 30°C; N =250 rpm;

pH = 4.6; time of incubation = 48 hours.

Means values (n=4) followed by the same letters in the columns did not differ statistically at the 1% significance level according

to the SNK or NMC tests.

plain the increase in pH of the vinasse medium as
culture progressed. The highest carbohydrate con-
sumption was obtained at pH 4.6. No statisticaily
significant differences were observed between
mean values for BOD reduction, although they
varied substantially (Tabela 4).

Physical characteristics of the environment
can also influence microbial growth. The highest
biomass production was observed at 25°C, a re-
sult which could be related to fungal aerobic life.
Cr. laurentii, for example, is exclusively air-
dependent (11) and lower temperatures may af-
fect it indirectly by increasing solubility and thus
oxygen supply (6). Protein content, final pH and
carbohydrate consumption , on the other hand,
were highest at 30°C and 25°C (Table 5). During
Phanerochaete chrysosporium cultivation in vi-
nasse, carbohydrate consumption at 45°C was re-
ported to be almost similar to that at 30°C, but
for a shorter period of time (3). The higher values
for carbohydrate consumption at 30°C and 35°C
described in this study could also be related to in-
creased protein content of biomass. Mean BOD
reduction values did not differ significanlty; how-
ever, large standard deviations werc experienced
with these determinations.

Classical studies on fungal physiology show
that members of the genus Cryptococcus grow
slowly in liquid mediam (11), and our results ob-
tained in vinasse medium after 72 hours of incuba-
tion corroborate these observations (Figure 1).

Biomass (g/1)

0 T T I I 1
0 12 24 36 48 60 72

Incubation time (h)
FIGURE 1 - Biomass production (g/1) of pure cultures of A,
niger (1, @), Cr. laurentii (2, A) and mixed culture of A. niger
and Cr. laurentii (3, O) in vinasse medium with a C:N:P ratio
of 20:3.0:0.1, 8 g/l of carbohydrate, pH 4,6, at 30°C, on a ro-
tary shaker at 250 rpm.

TABLE 5 - Effect of incubation temperature on growth of mixed cultures of A. niger and Cr. lauretii in vinasse medium!,

Incubation Biomass Protein Final Carbohydrate BOD

temperature g'h ) (%) pH consumption (%) reduction (%)
25°C 1031 a£2.77 321a%t21 42a+09 851at21 43.0a%15.5
30°C 402b+032 40.0b+2.1 58ab+ 0.7 93.1b+ 13 50.0a+14.4
35°C 6.47 ab 1+ 0.06 374b%23 68b+0.9 90.6b+ 1.7 477a% 9.5

ooy

4.6; time of incubation = 48 hourd.

Culture conditions: initial carbohydrate concentration of vinasse medium: 8 g 1-1; C:N:P: ratio = 20: 3.0: 0.1; N = 250 rpm; pH =

Means values (n=4) followed by the same Jetters in the columns did not differ statistically at the 1% significance level according

to the SNK or NMC tests.
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FIGURE 2 - Protein content (%) of pure cultures of A. niger
(1, ®), Cr. laurentii (2, A) and mixed culture of A. niger and
Cr. laurentii (3, O) in vinasse medium with a C:N:P ratio of
20:3.0:0.1, 8 g/l of carbohydrate, pH 4,6, at 30°C, on a rotary
shaker at 250 rpm.

However, there was a high BOD reduction
{around 70%) after 24 hours (Figure 5); an expla-
nation for this marked reduction may relate to the
fact that organic matter can be eliminated as car-
bon dioxide (CO,), which does not participate in
cell mass biosynthesis. In fact, the final pH of vi-
nasse medium decreased significantly after 24
hours of culture (Figure 3), probably through CO,
release into the medium, or nitrogen utilization.
There was an efficient carbohydrate uptake
(around 80%) resulting in high protein content of
biomass (aproximately 60%) and generation of

pH final

0 I l ] T I
0 12 24 36 48 60 72
Incubation time (h)

FIGURE 3 - Final pH of purc cultures of A. niger (1, @),
Cr. laurentii (2, A) and mixed culture of A. niger and Cr.
laurentii (3, O) in vinasse medium with a C:N:P ratio of
20:3.0:0.1, 8 g/l of carbohydrate, pII 4,6, at 30°C, on a ro-
tary shaker at 250 rpm.
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FIGURE 4 - Carbohydrate consumption (%) of pure cultures
of A. niger (1, ®), Cr. laurentii (2, A) and mixed culture of A.
niger and Cr. laurentii (3, O) in vinasse medium with a C:N:P
ratio of 20:3.0:0.1, 8 g/l of carbohydrate, pH 4,6, at 30°C, on a
rotary shaker at 250 rpm.

CO,, ATP and water as final products of carbohy-
drate metabolism (Figures 2, 4).

A. niger grown singly produced very high
yields of biomass in vinasse medium, as previous-
ly described for cultures in wood vinasse (12).
However, protein content varied only slightly dur-
ing 72 hours, ranging from 30% to 34% (Figure
2). Very low pH values were recorded in vinasse
medium at the end of incubation (final pH) proba-
bly due to the ability of A. niger to produce citric
acid (7); since the latter is an organic acid, an in-
crease in soluble BOD would be expected, a pre-

100
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FIGURE 5 - BOD reduction (%) of pure cultures of A, ni-
ger (1, @), Cr. laurentii (2, A) and mixed culture of A. niger
and Cr. laurentii (3, O) in vinasse medium with a C:N:P ra-
tio of 20:3.0:0.1, 8 g/l of carbohydrate, pI 4,6, at 30°C, on a
rotary shaker at 250 rpm.
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diction that held true as shown by the fall in BOD
reduction detected ((Figure 5).

Considering now the concomitant growth of
A. niger and Cr. laurentii in mixed cultures, the
highest biomass production was reached after 24
hours of incubation (Figure 1). It is likely that the
first 12-hours of culture represent an adaptation
period of the microorganisms io the subsiraie {lag
phase). Probably, A. niger growth contributed
more to this fast increase in biomass production
than Cr laurentii. After 24 hours, autolysis of hy-
phae may have occurred, resulting in higher pH
values (from 4.5 to 5.2). The yeast grew sequen-
tially though not leading to increased biomass pro-
duction. BOD reduction was aproximately 80% at
the end of incubation. The accepted BOD value
for effluent release into water is 0.6 g O,1"! accord-
ing to Brazilian laws, and to attain such value
BOD reduction should be of the order of 96%.

Results from a previous work on microorgan-
isms grown in association in vinasse medium
showed that mixed culturcs presented higher ami-
no acid contents than pure cultures, with a profile
comparable to that of conventional protein sources
and to FAO protein standards (5). However, the
relatively low values for biomass production de-
tected in mixed cultures in the present work do not
favour the combined use of A. niger and Cr. lau-
rentii for SCP production in cane sugar vinasse
medium yet, despite the adequate level of BOD re-
duction attained under optimized conditions. Fur-
ther studies will be carried out to obtain higher bi-
omass concentrations concomitant with low BOD
reduction values.

RESUMO

Otimizacio das condi¢des para producio
de SCP a partir do cultivo mixto de A, niger e
Cr. laurentii em meio de vinhaca

Foi estudado o crescimento da cultura mista de
Aspergillus niger ¢ Cryptococcus laurentii em vi-
nhaga, em frascos agitados, pata a otimizagfio das
proporgdes ideais de carbono, nitrogénio ¢ f6sforo
(20 a 30:3.0:0.1); concentracfo de carboidrato (3 a
32 g/l); pH inicial (3,5 a 5,5); temperatura (25 a
35°C) ¢ tempo de incubagiio, objetivando produgiio
de biomassa ¢ depuragiio bioldgica da vinhaga, um
residuo das destilarias. A adigfio de nitrogénio e
fosforo ao meio de vinhaga alterou significativa-
mente a produgiio de biomassa, o consumo de car-
boidrato ¢ a redugfio de DBO. No cntanto, com con-
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centracOes maiores que 3 g/l de carboidrato no
meio de cultura, o conteiido protéico da biomassa
aumentou. O pH inicial do meio de cultura e a tem-
peratura de incubacfo n#o alteraram a redugfo de
DBO, que permaneceu por volta de 50%. O pH da
vinhaga esteve sempre perto de 7.0 depois de 48 ho-
ras de cultivo. O crescimento do cultivo misto al-
cangou a mixima producéo de biomassa depois de
24 horas, com os melhores resultados para redugéo
de DBO (cerca de 80%) e teor de proteina (40%)
ap6s 72 horas em mejo otimizado (20:3.0:0.1 para
C:N:P,-8g/l de carboidrato, pH 4,6 ¢ 30°C para-in-
cubacgfio). Os resultados obtidos, quando compara-
dos com os dados dos cultivos puros, ndo sugerem
ainda a utiliza¢do do cultivo misto de A. niger + Cr.
laurentii para a producfo de SCP a partir de vin-
haga, pois a concentragfio em biomassa foi baixa.

Palavras-chave: vinhaga, fungos, SCP.
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