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PREFACE

This report contains the results of a study performed to determine
the physiological requirements for the production of the biopolymer
elsinan by species of Elsinoe. This study was funded under the U. S. Army
Natick Research, Development and Engineering Center (Natick) Program
Element 61102A on Biopolymer Products for Varied Military Applications,
Project No. 1L161102AH5202039, Task No. 02, Work Unit No. 039. The work
was undertaken from January 1987 through September 1988.

We thank Karen Henderson and Robert Stote for their assistance in
performing the tangential flow filtration, and Dan Berkowitz, Food
Engineering Directorate (FED), for the use of equipment, and his
assistance in spray-drying and freeze-drying samples.

Citation of trade names(R) in this report does not constitute an
official endorsement or approval of the use of such items.
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PHYSIOLOGICAL REQUTREMENTS FOR THE PRODUCTION OF THE BIOPOLYMER
ELSINAN BY SPECIES OF ELSINOE

INTRODUCTION

Elsinan is a polysaccharide biopolymer released into the growth
medium as a secondary metabolite by species of the fungus Elsince. The
biopolymer is a linear o«-D-glucan comprised mainly of 1,4~ ard 1,3-
linkagaf_in the molar ratio of ~ 2.0 - 2.5:1.5 One in 140 linkages is
a=-1,6. As described in an earlier study,” extracellularly
produced biopolymers are the most economical in terms of large-scale
production due to the ease of separation, purification, processing, and
yield. General properties of many microbial polysaccharides include: an
ability to form transparent films with low gas permeability, bi a-
ability, and excellent strength and flexibility characteristics.®”

The teleamorphic fungus Elsinoce, and its anamorphic phase
Sphaceloma camprise a number of plant pathogenic species, causing spot
anthi%gggses of citrus, _grapes, pear, apple, grasses, tea, dogwood,
etc. The production of a viscous layer in cultures ?5 E.
australis was described by Bitancourt and Jenkins in 1936. Other
isolates have been descflb%l as producing gumy to occasionally mucoid
colonies on agar media.”’

Misaki et al.l™ produced the polysaccharide that they named
elsinan from a culture of E. leucospila, and described the characteristics
of the biopolymer. Yields of 2.5% - 3.0% of elsinan with weight average
molecular weight ranges of 10,000 to 10,000,000 were obtained when the
fungus was grown on a medium containing sucrose and potato extract or corn
steep liquor. They also examined the effects of various 3my%olytic
enzymes on elsinan and isolated the degradation products.<’ Elsinan
forms gels at 5% or higher concentration, and viscosity characteristics of
elsinan solutions are affected by temperature. Misaki et al.
reported that elsinan forms strong films, and has physical properties
similar to pullulan. However, few of the metabolic requirements for the
production of elsinan have been reported.

In this study, the envirormental and nutritional requirements for
elsinan production have been studied extensively. The following
parameters have been evaluated: culture differences, growth media, pH,
sources and amounts of carbon, nitrogen, and phosphate, and incubation
period.

The objective of the study was to continue the work on biopolymers:
first, to produce and characterize various molecular weight (MW) distri-
bution products of elsinan, and second, to investigate the unique
properties of this polysaccharide for potential packaging applications.
The characterization of elsinan is the subject of this report.




METHODS AND MATERIALS

Quitures

Eight strains of Elsinoce sp. (Table 1) were evaluated in
preliminary studies to compare elsinan production. Strains of Elsince
fawcettii Jenkins (ATCC 36954 and ATCC 38162), E. tiliae Creelman (ATCC
24510) were chosen for further study, based on product yield and MW, when
campared with the other cultures (Table 2%5 All cultures were maintained
on Wickerham’s yeast malt extract medium.

Media

The following medium was used, per liter of distilled water:
4r 11.5 mM; NaCl, 34.2 mM; MgSO,, 1.6 mM; FeSO,, 36 uM; Bacto
peptone (Difco, Detroit, MI), 0.2% (wt/vol); yeast extract (Difco), 0.2%
(wt/vol) ; carbon source 10% (wt/vol). The carbon source was prepared
separately as a 50% solution (wt/vol), and added aseptically after
autoclaving.

Culture Conditions

For batch cultures, an Aquaferm Water Bath Shaker(R) (New
Brunswick Scientific Co., Inc., Edison, NJ) was set ati ? tenperature of
26°C + 1°C, and shaken at 125 rpm. An Erviron-shaker®) (Lab-Line
Instruments, Inc., Melrose Park, IL), tempera 6°C + 1°C was
shaken at 125 rpm. A BioFlo Model M30 Fermentor(R) (New Brunswick),
temperatu.rf 25°C, was set ?t an agitation rate of 300 rpm, aeration at
0.5Lmin"", or 0.6 L, miﬁ" . Media flow-rates were controlled with a
Rabbit Peristaltic Pump'R) (Rainin Instrument co., Wobygn, MA) for the
contimuous fermentation studies. A Model RC-5 Sorvall Refrigerated
Cantrifuge /2 Pont Instruments, Wilmington, DE) with a GSA rotor, 23,400
X g, was used at 10°C, for 20 min, to remove the mycelium.

Preliminary studies were conducted to determine optimm growth
conditions for elsinan elaboration. Since the strains of Elsince did not
sporulate in culture, mycelium was scraped from the surface of agar slants
by means of a sterile inoculating loop and transferred to a sterile
micro-blender jar (Waring Products Corp., New York, NY). A few
milliliters of sterile distilled water were added, and the mycelium was
blended for 30 secords. Aliquots of the resultant s}ﬁfzy of hyphal
fragments were pipetted into duplicate 250 mL Delong flasks
containing 50 mL of sterile medium. Cultures were incubated for seven
days. The flask contents were centrifuged aseptically, and the
supernatant removed. The mycelial pellet was transferred to a sterile
micro-blender jar, using approximately 50 mL sterile distilled water to
resuspend the mycelium. The mycelium was blended for 15 seconds to form a
slurry. All further studies of each Elsinoe strain were conducted using
mycelial slurries produced as described.




For dry weight determinations, 1-mL of mycelial slurry was pipetted
into each of two 1.5 mL polypropylene centrifuge tubes. The tubes were
O?Hfrifuged at 25,000 X g for 2 min at ambient temperature in a Microfuge
E (Brinkman Instruments, Westbury, NY). The supernatant was
decanted, and 1-mL distilled H,0 was added to each tR-szbe Each pellet
was resusperded by agitation, using a Vortex Genief (Scientific
Instruments, Inc., Bohemia, NJ), and the tubes were centrifuged again.
After centrifugation, the supernatant was again decanted, and the tubes
were dried at 60°C for 48 hours to determine cell (biomass) dry
weights.

Processing and Purification

The culture suspension was transferred aseptically to sterile 250
mL polypropylene centrifuge bottles (Nalge Co., Rochester, NY), then
centrifuged at 23,400 X g, 10°C, for 20 min,_ . The supernatant was
decanted into a beaker containing ROOCAL II(R) (alkyl dimethyl benzyl
ammonium chloride, Sterling Drug, Inc., Montvale, NJ) (1% vol/vol), then
the pH was adjusted to pH 7.0 using 5 M NaOH. The elsinan was
precipitated from the supernatant, using two volumes of acetone while
stirring. After precipitation, the acetone was decanted, the precipitate
was washed several times with acetone, and filtered. The elsinan was
then air-dried or dried over CasO, in a desiccator. Yields of product
were determined as percent dry weight of carbon source (wt/wt). The
pellet was either retained for future use as inoculum, or dried at 80°C
for 72 hours to cbtain cell (biamass) dry weights.

All glassware and utensils coming in contact with the live culture
were autoclaved to prevent any possible contamination of the envirorment
with this potential plant pathogen.

Larger volumes of culture medium (2 L or more) w?E? purified by
using a Tangential Flow Filtration Unit with a Pellicon Model

Cassette System OM-141 (Millipore Corp., Bedford, MA). The culture medium
was first passed through a 0.45 um cassette to remove particulate
impurities, and then a cassette with a 30,000 MW cut off. The selectively
permeable system retained the hicher MW biopolymer but allowed the lower
MW impurities to pass through. The concentrated retentate was then
processed as described above. On one occasion, after Tangential Fl?g
Filtration, the filtrate was freeze-dried overnight, using a Stokes )
Freeze-Drier (Stokes Vacuum Ilzﬁ , Philadelphia, PA). Spray drying was
also attempted, using a Buchi J spray dryer (Brinkman) but the
polysaccharide charred onto the glass colum as it dried, due to the
amount of heat required to dry the sample.

Analytical Methods

Determination of elsinan weight average MW distribution and
dispersity was performed as described prev%%lsly,s using a Waters
150-C AIC/GPC Gel Permeation Chramatograph (Waters Chromatography
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Div., Millipore Corp., Milford, MA) equipped with a refractive index

detector. The system was calibrated using a series of pullulan standards .

ranging in MW between 12,200 and 853,000 (Polymer Laboratories ILtd. ‘

Church Stretton, UK). The standards were run through three Bio—GeltR) ;

(Bio-Rad Ieboratories, Richmond, CA) columns; a TSK-60, separating in the

40,000 to 80,000 MW range, and two TSK-50 columns, effective from 4,000 to

800, 000. 'Ihe TSK-60 column preceded the two TSK-50 columns in lme. A

th:u:d order calibration curve was generated, correlating MW distribution |

with retention time on the colums. The instrument automatically l

interpolated the calibration curve and these calculations were used to i

integrate the area under the sample MW distribution curve to determine {

weight average MW and dispersity (ratio of weight average molecular weight |

to number average molecular weight ( ). Standards and samples 1

were solubilized at 0.1% (wt/vol) in the carrier solvent, which consisted .

of either an aquecus solvent of sodium acetate, 0.1 M; acetic acid, 2%

(vol/vol), and sodium azide, 0.05% (wt/vol), or a carrier solvent of l

soduim acetate and scdium azide. The instrument was adjusted to 1.0 mL i
flow-rate. The injection volume was 200 to 300 u L and the run

tme was 40 min.

The supernatant was analyzed for free sugars using a High
Performance Liquid Chromatograph (HPLC) (Waters) equipped with a Model
6000 solvent dellvegy system; differential refractometer detector,
sensitivity 1 X 107/ r. i. units; Model U6K universal injector, and a
Carbohydrate Analysis 30 cm X 3.9 mm X.D. stainless steel column (Waters)
Chromatography was performed at ambient temperature (ca. 25°C) using
acetonitrile:water mixtures (75:25 or 80:20) with a flow-rate of 2 nmlL
min 1 sample size 5 yL.. The system was calibrated using fructose,
glucose, and sucrose standards, and standard curves were determined. For
guantitation, peak height was measured to determine concentration.

Monowmer composition of the isolated polymer was determined after
acid hydrolysis using 10 mgy of elsinan dissolved in 4 mL of 2 M HCl. The
solution was heated under reflux conditions for 3 h. The solution was
neutralized by passing it through a small column of Amberlite IR 45 (OH)
resin (Rohm and Haas, Philadelphia, PA), then lyophilized and treated with
1 nL Tri-sil Z (Pierce Chemical Co. Rockford, IL). The trimethyl-silyl
derivative was analyzed by gas chromatography (Model H-P 5880A Gas
Chromatograph, Hewlett-Packard Co., Avondale, PA). The biopolymexr
identity was confirmed by infrared spectroscopy (5 mg dried elsinan in 200
mg KBr, scan time 24 min, response 1, slit program 7, Model 283 Infrared s
Spectrophotameter, Perkin-Elmer, Norwalk, CT), and compared with the - i
spectrum given by Misaki, et al.

Film and Fiber Formation

Films were prepared, using 1.6 g of elsinan in 200 nL of 0.1 M
NaOH. After the elsinan had solubilized, the pH was adjusted to 5.0. The
solution was ((:a§t as 15.2 cm X 15.2 cm squares on a plexiglass fllm-former‘
with a Teflon gasket. After casting, the film was dried at 40°C to
45°C in a forced draft oven. The resultant film was too brittle to
perform physical analyses.



Batch Culture

Eight ATCC strains of Elsinoe species (Table 1) were evaluated in
preliminary studies in order to determine the best cultures and an optimum
growth medium_for further evaluation. A modified version of the medium of
Misaki et al.> was first tried, but the results were not satisfac-
tory. The modified nutrient salts medium used in a previous
yielded varying amounts of product depending on the strain, and this was
the medium of choice. CQultures of ATCC 24510, ATCC 36954, and ATOC 38162
had good yields of the biopolymer, with moderate weight average MW
products, and these three strains were evaluated further, based on the
results shown in Table 2. Since species of Elsinoe are mesophilic in
their temperature requirements, a temperature range of 25°C + 5°C was
considered optimum for this fungus.

As shown in Tables 3, 4, and 5, strains of Elsinoe species grow
more slowly than most fungi, with optimum yields of the biopolymer
produced only after 7 to 10 days of incubation. The time of incubation
did not affect the MW of the elsinan product of strains ATCC 36954 or ATCC
24510 (Tables 3 and 5), but did affect the weight average MW of ATCC 38162
(Table 4). Yields of product increased over time with all three strains;
ATCC 36954 produced the greatest amounts (Table 3).

As can be seen in Table 3, the strain of ATCC 36954 consistently
produced weight average MW fractions of over 2 million, with a dispersity
of around 2, and the product yield increased over time. This strain was
chosen to assess the envirommental and nutritional parameters of pH, and
variation in sources and amounts of carbon, nitrogen, and phosphate, as
shown in Tables 6 through 12. A pH of 6.0 was chosen for subsequent
studics, based on the results shown in_Table 6, but other pH levels could
have been used as well. Misaki et al.l™ have stated that the
biopolymer is stable at pH levels from 3.0 to 11.0. After initial
adjustment, the pH level was not controlled, and the final pH of the
medium was usually arourd 4.0 in the smaller batch studies. The weight
average MW of the product cbtained was lower when the higher pH levels
were used. All envirormental and nutritional parameters, other than
carbon source, were studied using a 10% (0.29 M) sucrose concentration.

Figure 1 illustrates the effect of incubation time on elsinan yield
and molecular weight distribution of Elsinoce fawcettii ATCC 36954. The
highest molecular weight distribution product was attained on the fourth
day of incubation, but the highest yield was obtained after 11 days.
Biamass dry weights increased exponentially during the first three days of
incubation, but increased more slowly over the rest of the period studied.
Figure 2 shows the effect of incubation cime on residual sugar concentra-
tion. Sucrose decreased very slowly until after the fourtg day of
incubation, when it decreased from 40 mg mL —_to 18 mg mL -~ on the
fifth day. It then dropped to about 2 mg mL™! on the sixth day, and




then was not detectable during the remainder of the study. Fructose and
glucose increased very slowly until the fourth day of incubation, then
increased steadily until the ninth day. After that time, the amounts
slowly decreased, when the time study was terminated.

The evaluation of various carbon sources is shown in Table 7.
Maltose and corn syrup produced elsinan with a MW distribution of about 2
million. However, 0.29 M sucrose was shown in time studies to be a
suitable carbon source, and this sugar was chosen, due to econamy and
availability considerations. Sucrose concentrations of 0.145 M, 0.22 M,
and 0.29 M gave comparable percent yields (Tables 8 ard 9). Soluble
starch as a carbon source gave high yields of product. Yields of product
were calculated as percent dry weight of carbon source (wt/wt).

The effects of various sources and amounts of nitrogen on yield ard
weight average MW biopolymer production are shown in Table 10. Sodium
nitrate, or a combination of peptone and yeast extract gave the highest MW
distribution of products, and yields were between 15% and 20%, but
potassium nitrate was also a good nitrogen source. The use of urea or
urea and ammonium sulfate gave a low MW product with yields of from 7% to
10%.

Table 11 shows the effect of varying the phosphate source and
concentration. Results were quite variable, with no dbservable pattern.
Yields were best (15% to 16%) with 5.7 mM or 11.5 mM K2HPO4, but
7.0 M and 14 mM Na 4 gave yields of about 7%, and moderate weight
average MW distribution product. There was an cbservable effect of
potassium phosphate concentration on yield and weight average MW
distribution, as shown in Table 12. Concentrations of 5.7 mM through 17.2
mM K,HPO, seemed to have little effect on yield or weight average MW;
however, a concentration of 23 mM or 29 mM K,HPO, did affect weight
average MW.

Table 13 shows the production of elsinan by 10-liter batch
fermentations for varying periods, using a 4% (400 mL) inoculum. The
weight average MW was about 1 million. Pigmentation and oxygenation
problems occurred with these fermentatjons, as had occurred with the
pullulan 10-liter batch fermentations.” The effect of pH may have
been a factor, although the red pigment was produced at initial pH values
of 6.0 and 7.0, and had not been a problem in the smaller batch studies
with these strains.

Continuovs . Jture

Tt.e prouuction of elsinan by continuous fermentation is shown in
Table 14. By .alyzing the results cbtained from the smaller batch
studies, an eisinan medium was devised that theoretically should p
optimm yifld and MW. The aeration rate used was either 0.5 L min * or
0.6 L min *, the agitation rate was 200 or 300 rpm, temperature 26°C +
1°c, with variable air flow-rates, and varying lengths of incubation.
After an initial culture incubation of two to four days, the media flow




was begun. Yields were lower than those produced in the batch studies,
and the weight average MW of the product was low, averaging less than 500
thousand.

Extraction, Processing, and Purification

’I‘g e method previocusly described for extraction and processing of
pullulan” was used initially for extracting elsinan. This procedure
was modified samewhat when the pigmented product was produced. The
culture medium was centrifuged as before to remove cells, then the
supernatant was decanted into a beaker without the addition of ROCCAL II.
The pH of the solution was adjusted to between 10.0 and 11.0. This
mlxturewasallowedtostarxiuntllthepnﬂtcolorofthemlxtm'ehad
faded. The elevated pH helped in the e;z(%rag;mn of the pigment and
probably changed the pigment stru Two volumes of acetone
were added with stirring, and the prec1p1tate was allowed to settle. The
liquid was decanted from the precipitate, and a 60% acetone:40% distilled
Hzosolutlonwasadded The pH was adjusted to 7.0, and the product was
washed with increasing concentrations of aoetone/water to 100% acetone.
The product was air-dried, or dried over CaS0, .

Tangential flow filtration was performed on the medium from the
large-scale fermentations. One problem that occurred consistently was the
presence of a portion of the biopolymer-containing medium that would not
pass through the 0.45 ym filter. This fraction was retained for further
study.

For further purification of the bicpolymer, the dried elsinan was
resolubilized in 0.1 M NaOH, the pH adjusted to 7.0, then the solution was
centrifuged to remove any extraneous debris. The supernatant was then
precipitated as before. Sometimes not all of the biopolymer would go into
solution at the high pH, so 5 M HCl was used to lower the pH to below
5.0. Subsequent processing was as described previously.

DISCUSSION

Three strains of Elsinoe (ATCC 36954, ATCC 38162, and ATCC 24510)
were selected for further study, based on percent yield and molecular
weight distribution of product. Yields of elsinan as high as 25% were
produced by Elsinoe fawcettii ATCC 36954 after 10 days of growth, campared
with those of E. fawcettii ATCC 38162 (10% to 12%) and E. tilae (10% to
15%) ; therefore, E. fawcettii ATCC 36954 was used for evaluating
envirormental and nutritional requirements such as culture corditions,
medium constituents, pH, etc.

Production of elsinan by scale~up batch and continuous fermentation
resulted in lower yields (up to 9.8%), with weight average molecular
weight ranges of fram 100 thousand to one million. Pigmentation and
oxygenation problems occurred with the large scale fermentations and were
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factors that probably affected the yields and weight average molecular
weight ranges. These problems still need to be resolved by further study.

This study has shown that with high carbon:nitrogen ratio (150:1 or
higher) and appropriate envirommental conditions (i.e., pH, variable
phosphate concentration, incubation period), controlled molecular weight
products can be produced. Sucrose was chosen as the carbon source for
evaluating other nutritional parameters, based on availability and
econamy, but maltose or soluble starch could have been used as well.
Peptone, yeast extract, sodium nitrate or potassium nitrate as nitrogen
sources gave the highest MW distribution of products. High molar
concentrations of K,HPO, (23 mM to 28 mM) gave a high MW distribution
of product upon extendeé incubation (7 to 10 days).

The following envirommental conditions were found to be optimal
for producing elsinan products in the desired weight average MW:

For high (>2 million) weight average MW product: small batch
fermentations (50 mL per 250 mL flask) with short incubation periods of
less than five days; elsinan medium with 11.5 mM K,HPO, concentration;
unlimited carbon source (10% solutions, wt/vol), the use of Elsinoce
fawcettii ATCC 38162 or ATCC 36954, an inoculum of 4% (ca. 10 mg mL~
dry weight), with a pH range from 5.0 to 7.0, and one of several nitrogen
sources (i.e., peptone, yeast extract, or sodium nitrate).

For medium (1 - 2 million) weight average MW product: incubation
period of from 5 to 7 days; other parameters as above.

For low (<1 million) weight average MW product: large batch
fermentations (600 mL per 2800 mL fernbach flask or 10 liter vessels) with
incubation periods of over 7 days, or contimuous fermentations; elsinan
medium; 5 MM urea or 0.2% yeast extract as the nitrogen source; 5.7 mM or
11.5 mM K,HPO, as the phosphate source; the use of soluble starch or
sucrose (10% wt:/vol) as the carbon scurce, and other parameters as above.

QONCLUSIONS

This study has shown that by using appropriate envirormental
corditions, controlled MW elsinan products can be produced. Parameters
such as sources and amounts of carbon, nitrogen, and phosphate, pH, and
incubation period were manipulated to produce the required MW products.
However, films cast from these different MW products were too brittle to
allow for the evaluation of physical/chemical properties.
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fawcettii A’ICC 36954. CQulture conditions: elsinan
medium, initial pH 6.0, 11.5 mM KHPO,; 0.29 M
sucrose; 26C+IC, 125 rpm Environ-shaker;

2 flasks, 50 mL per 250 mL Dflong flask; five-day-old
inoculum (4%) (ca. 10 mg mL ™~ cell dry wt).
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Figure 2. Effect of incubation time on residual sugar concentration.

Samples of culture supernatant were analyzed following
calibration of the HPIC system using fructose, glucose, and
sucrose standards, and determination of standard curves.
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CENTRIFUGE CULTURE MEDIUM 23,400 X g, 10°C, 20 min

DECANT SUPERNATANT FROM PELLET

[ ]
ADD CONC. ROCCAL (1% volfvol) DRY PELLET FOR BIO-
| MASS DRY WT OR USE

ADJUST pH TO 7.0 WITH 1 M NaOH AS INOCULUM
F’F!ECIPITATEl WITH 2 VOLS ACETONE

DECANT ACETONE, ADD 2 VOLS 0.1 M NaOH

RESOLUBILIZE ELSINAN

ADJUST pH TO 7.0

CENTRlFUGE,23,400 X g, 10°C, 20 min

DECANT SUPlEHNATANT

PRECIPITATE WITH 2 VOLS ACETONE

DECANT ACETONE

AIR-DRY PRECIPITATED ELSINAN OR.DRY OVER CaSO4

Figure 3. Elsinan processing conditions.
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TABLE 1. Fungus Qultures Used for Elsinan Production*

Elsinoe annonae Bitancourt & Jenkins ATCC 15027
Elsinoe corni Jenkins & Bitancourt ATCC 11189
Elsinoce fawcettii Jenkins ATCC 13200
Elsince fawcettii Jenkins ATCC 36954
Elsinoe fawcettii Jenkins ATCC 38162
Elsince heveae Bitancourt & Jenkins ATCC 12570
Elsinoe lepagei Bitancourt & Jenkins ATCC 13008
Elsinoce tiliae Creelman ATCC 24510

*Qultures are available from the American Type Culture
Collection (ATCC) 12301 Parklawn Drive, Rockville, MD
20852-1776
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TABLE 2. Caomparison of ATCC Cultures for Elsinan Elaboration®

Sample Culture Incubation Yielg Mol. Wt. Disp.
No. No. (Days) (%)~ (k)
E-49 36954 6 9.6 2052 2.0
E-54 24510 6 15.2 2679 2.4
E-41 11189 6% 5.9 2180 1.6
E-59 38162 6 4.5 2347 2.1
E-38 12570 6° 2.0 48 2.6
E-40 15027 6 1.8 - -
E-43 13008 6 0.9 - -

qculture conditions: Kato & Shiosaka medium, pH 6.0,
0.29 M sucrose; 26°C + 1°C; 125 rpm shaking water ba
or Erviron-Shaker; 2 flasks, 50 mL per 250 mL
flask, (4%) inoculum.

Pamount of carbon source converted to elsinan (wt/wt) .

CRed pigment.
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TABIE 3. Effect of Incubation Period on Elsinan Yield
Using Elsince fawcettii ATOC 369542

Sample Incubation Yi Mol. Wt. Disp.
No. (Days) (%)~ (k)
E-46 3 6.3 2342 1.4
E-47 4 6.2 2343 1.6
E-48 5 9.3 2351 1.6
E-49 6 9.6 2052 2.0
E-50 7 13.5 2859 2.1
E-62 8 16.6 927 2.1
E-64 9 17.3 1875 1.7
E-66 10 25.4 2330 1.7

4culture conditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°C + 1°C; 125 rpm, shaking water bath or Environ-Shaker;
2 flasks, 50 mL per 250 mL Delong flask; 2 mL (4%) inoculum.

Pamount of carbon source converted to elsinan (wt/wt) .
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TABLE 4. Effect of Incubation Period on Elsinan Yield
Using Elsinoe fawcettii ATOC 381622

Sample Incubation  vield Mol. Wt. Disp.
No. _(Days) (3)° (x)

E-56 3 1.5 - -
E-57 4 1.9 3965 1.5
E~58 5 3.1 3690 1.3
E-59 6 4.5 2347 2.1
E-60 7 4.9 1541 1.7
E-63 8 10.3 2445 1.9
E-65 9 10.3 2572 2.6
E-67 10 12.1 1546 2.0

3culture corditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°C + 1°c, 125 rpm, shaking water bath or Environ-Shaker;
2 flasks, 50 mL per 250 mL Delong flask; (4%) inoculum.

bAmamt of carbon source converted to elsinan (wt/wt).
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TABLE 5. Effect of Incubation Period on Elsinan Yield
Using Elsinoe tiliae ATCC 245102

Sample Incubation Yi Mol. Wt. Disp.

No. (Days) (%) (k)
. E-51 3 1.5 2996 4.5
E-52 4 4.1 2149 8.2
‘ E-53 5 10.4 2577 2.6
E-54 6 15.2 2679 2.4
E-55 7 14.8 2369 2.4

qculture conditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°C + 1°c, 125 rpm, shaking water bath or Environ-Shaker;
2 flasks, 50 mL per 250 mL Delong flask; (4%) inoculum.

bamount of carbon scurce converted to elsinan (wt/wt) .
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TABLE 6. Effect of pH on Elsinan Yield Using
Elsinoe fawcettii ATCC 369542

Sample Initial Yie Mol. Wt. Disp.
No. pH (%) (k)

E-73 7.0 18.3 745 1.9

E-74 6.5 14.2 759 2.0

E-75 6.0 14.7 1373 2.2

E-76 5.5 12:4 989 1.8

E-77 5.0 15.2 1449 2.1

qculture conditions: elsinan medium, 0.29 M sucrose;
26°C + 1°C; 125 rpm, Environ-Shaker; 2 flasks, 50 mL
per 250 mL Delong flask, (4%) inoculum, 7 days incubation.

Pamount of carbon source converted to elsinan (wt/wt).
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TABLE 7. Effect of Carbon Source on Elsinan Yield
Using Elsinoe fawcettii ATOC 369542

Sample Carbon Yie Mol. Wt. Disp.
No. Source (Conc.) (%)~ (k)

E-75 Sucrose (0.29 M) 14.7 1373 2.2

E-78 Fructose (0.56 M) 10.9 671 1.8

E-79 Dextrose (0.56 M) 4.6 1259 1.8

E-80 ILactose (0.29 M) 14.3 - -

E-81 Maltose (0.29 M) 11.8 2250 1.9
E-82 Sol. Starch (10%) 33.3 774 11.6
E-83 Cormn Syrup  (10%) 6.6 2012 1.7

qculture conditions: elsinan medium pH 6.0; 26°C + 1°C;
125 rpm, Environ-Shaker; 2 flasks, 50 mL per 250 mL Delong flask;
(4%) inoculum.

Pamount of carbon source converted to elsinan (wt/wt) .
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TABIE 8. Effect of Sucrose Concentration (A, B, C) on Elsinan
Yield Using Elsince fawcettii ATOC 36954

Sample Incubation Yield

No, (Days) g (P
A. (0.145 M)
E-187 3 0.48 9.6
E-189 4 0.60 12.0
E-191 5 0.72 14.4
E-194 6 0.78 15.6
E-196 7 0.77 15.4
E-198 10 0.82 16.4
B. (0.22 M)
E-~188 3 1.07 14.3
E-190 4 0.75 10.0
E-192 5 0.96 12.8
E-195 6 1.10 14.7
E-197 7 1.05 14.0
E-199 10 1.09 14.5
C. (0.29 M)
E-193 5 1.17 11.7
E-200 10 1.29 12.9

qaulture conditions: elsinan medium,

pH 6.0; 27°C + 1°C; 125 rpm, Environ-
Shaker; 2 flasks, 50 mL per 250 mL Delong
flask; (4%) inoculum.

bAl'lDlmt of carbon source converted to
elsinan (wt/wt).
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TABIE 9. Effect of Sucrose Concentration (A, B, C) on Elsinan
Yield Using Elsince fawcettii ATOC 38162a

Sample Incubation Yield b
No. {Days) gq (%)

A. (0.145 M)

E-172 3 0.26 5.2
E-174 4 0.29 5.8
E-176 5 0.31 6.2
E-179 6 0.42 8.4
E-181 7 0.42 8.4
E-183 10 0.43 8.6
B. (0.22 M)

E-173 3 0.66 8.8
E-175 4 0.48 6.4
E-177 5 0.56 7.5
E-180 6 0.63 8.4
E-182 7 0.95 12.7
E-184 10 0.75 10.4
C. (0.29 M)

E-178 5 0.78 7.8
E-185 10 0.99 9.9

qulture conditions: elsinan medium,

pH 6.0; 27°C + 1°¢C; 125 rpm, Environ-
Shaker; 2 flasks, 50 mL per 250 mL Delong
flask; (4%) inoculum.

bAnumt of carbon source converted to
elsinan (wt/wt).
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TABLE 10. Effect of Nitrogen Source and Concentration on Elsinan Yield
Using Elsinoce fawcettii ATCC 369542

Sample Nitrogen Yi Mol. Wt. Disp.
No. Source (Conc.) (%) (k)

E-86 Yeast Ext. (0.1%) 15.2 155 3.2
E-87 Peptone (0.2%) 4.6 11 1.4
E-88 Urea (5 mM) 10.1 64 2.4
E~-89 Urea (5 mM);

(NH, ) ,S0, 7.7 496 1.4

(1.06 ™M)
E-90 (r(u;‘})6 21‘s‘ro'131 1.8 - -
E~91 (r(ul{g).%so,.) 0.8 - -
E-92 NH,NO; (12.5 mM) 9.4 38 2.2
E-123 Peptone (0.2%);

Yeast Ext. (0.02%) 14.6 1803 1.8
E-125  Peptone (0.1%);

Yeast Ext. (0.01%) 10.6 1190 5.7
E-126 NaNO, (23.5 mM) 19.8 755 2.7
E-127  NaNO; (11.8 mM) 18.2 1581 2.6
E-128  KNO, (19.8 mi) 21.1 1564 2.6
E-129 KNO; (9.9 mM) 12.9 1674 2.6
E-130  NH,Cl (37.4 mM) 0.2 - -
E-131  NH,Cl (18.7 mM) 0.2 - -

3culture conditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°%C + 1°c; 125 rpm, Environ-Shaker; 2 flasks, 50 mL per
250 mL Delong flask; 7 days incubation; (4%) inoculum.

bamount of carbon source converted to elsinan (wt/wt) .
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TABLE 11. Effect of Phosphate Source and Concentration on Elsinan
Yield Using Elsinoce fawcettii ATCC 369542

Sample Phosphate Yiel Mol. Wt. Disp.
No. Source _ (Oonc.) (%) (k)

E~98 K2HP04 (5.7 mM) 14.8 777 2.2
E~99  KHPO, (11.5 mM) 16.2 717 2.1
E~103 KH,PO, (11.5 md) 17.1 1693 2.1
E-139 K,HFO, (5.7 mM) 10.0 113 2.8
E-140 K,HPO, (11.5 mM) 10.8 615 11.0
E-135 NayHPO, (7.0 m) 7.9 1363 1.9
E~134 NayHPO, (14 mM) 7.4 717 4.8
E-135 NaH,PO, (8.3 mM) 8.3 ~ -
E-136 NaHZI-’04 (16.7 mM) 7.1 910 8.8
E-137 Na,HFO, (24.6 mM);

NaH,PO, (6.7 mM) 6.4 1077 2.2

E-138 Na,HFO, (12.3 mM);
NaH2P34 (3.4 mM) 7.7 134 4.8

3culture conditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°C + 2°c; 125 rpm, Environ-Shaker; 2 flasks, 50 mL per
250 mL Delong flask; 7 days incubation; (4%) inoculum.

Pamount of carbon source converted to elsinan (wt/wt).
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TABLE 12. Effect of Phosphate Concentration on Elsinan Yield
Using Elsince fawcettii ATCC 369542

Sample Phospha Yi Mol. Wt. Disp.
No. Conc. (%)~ (k)

K,HPO, 7 Days Incubation

E-98 5.7 mM 14.8 777 2.2

E-99 11.5 mM 16.2 717 2.1

E-100 17.2 mM 17.7 796 2.1

E-101 23.0 mM 18.0 2135 2.4

E-102 28.7 mM 20.4 1669 2.0
KH,FO, 7 Days Incubation

E-103 14.7 mM 17.1 1693 2.1
K,HPO, 10 Days Incubation

E-104 5.7 mM 15.5 848 2.0

E-105 11.5 mM 14.7 829 1.9

E-106 17.2 mM 17.7 708 1.9

E-107 23.0 mM 17.9 594 1.8

E-108 28.7 mM 19.8 1683 1.9
KH,PO, 10 Days Incubation

E-109 14.7 mM 19.5 620 1.7

qculture conditions: elsinan medium, pH 6.0, 0.29 M sucrose;
26°c + 4°C, 125 rpm, Environ-Shaker; 2 flasks, 50 mL per
250 mL Delong flask; (4%) inoculum.

bamount of carbon source converted to elsinan (wt/wt) .
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TABIE 13. Production of Elsinan by Scale-up Batch Fermentation
Using Elsince fawcettii ATOC 36954 and ATCC 38162

Sample Initial Supernatant Yield Mol. Wt. Disp.
No. pH _(mL) g (%)2 (k)

E-145 5.5 3000P 22.8 7.4 702 77.3

E-142 6.0 3000€ 5.9 2.0 963 28.5

E-169 6.0 73504 9.7 1.3 978 1.9

E-202 6.5 7730%  264.0  34.2 2659 2.9

E-204 7.0 gogof 71.3 9.0 1173 2.3

@amount of carbon source converted to elsinan (wt/wt).

Poulture conditions: elsinan medium, 600 mL ge.r 2800 mL fernbach flask,
0.29 M sucrose; agitation 125 rpm, 26°C + 1°C, Environ-Shaker; (4%)
inoculum per flask, ATCC 36954, 9 days incubatlon.

Cculture conditions: same as above, 7 days incubation.

doulture conditions: elsinan medlum, 10 L Magnaferm f r, 0.29 M
sucrose; agitation 200 rpm, 27 Oc, air-flow 5 L min (4%) inoculum,
ATCC 38162, 6 days incubation.

€culture conditions: elsinan medium, 10 L Magnaferm fermentor, 0.29 M
sucrose; _gltatlon 300 rpm, i days; 600 rpm, 4 days; 27 Oc, air-flow
2.5 Lmin™, 1 day, 5 L min™*, 5 days; (4%) inoculum, ATCC 36954,

6 days incubation. Freeze—dried.

foulture conditions: elsinan medmm, 10L Magnaferm innem:or, 0.29 M

sucrose; agitation 1200 rpm; 27 ©c, air-flow 8 L min (4%) inoculum,
ATCC 36954, 7 days incubation.
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TABIE 14. Production of Elsinan by Contimuous Fermentation

Using Elsinoe fawcettij ATCC 369542

Sample Initial Flow-Ra Supernatant Yield b Mol. Wt. Disp.
No. pH _(ml hr ) (mL.) q (%) (K)

E~68/ 6.0 29 7715 75.5 9.8 451 4.0
E-69 898 3.3
E-70 0 985 2.8 2.2 -~ -

E~71 12 2000 12.0 6.0 43 2.0
E~-94 6.0 0 1065 4.9 1.7 36 2.1
E-95 12 2265 8.3 3.6 101 2.2
E-118 6.0 25 2700  12.7 4.7 600 9.1
E-119 12 2275 7.9 3.5 - -

E-120 16 2300 2.1 1.0 92 5.7
E-207 5.5 21 2910 12.2 4.2 197 6.
E-208 31 6720 49.7 7.4 476 7.

3culture conditions: elsinan medium, 0.29 M sucrose; 25°C *_

agitition variable, from 200 to 600 rpm; aeration 0.5 L min
min™", (4%) inoculum.

Pamount of carbon source converted to elsinan (wt/wt) .
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