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Purpose: We aimed to optimize the factors affecting the production of the allylamine
antifungal, terbinafine, by Lysinibacillus isolate MK212927, a natural producer of this broad-
spectrum fungicidal compound.

Methods: We employed a central composite design to optimize the five most important
variables influencing the production of terbinafine which were carbon source, nitrogen
source, temperature, pH and agitation.

Results: The optimum conditions were found to be starch 5 g/L, ammonium chloride 5 g/L,
temperature 32°C, agitation 150 rpm and pH 7. The actual response (inhibition zone
diameter) was highly comparable to the value predicted by the model, indicating a valid
model. Using the standard calibration curve of terbinafine, the optimized conditions resulted
in an increase in the antifungal metabolite production (terbinafine) by about 1.6-fold
(1814.662 pg/mL compared to 1165.550 pg/mL under standardized conditions).
Conclusion: This is the first report, to the best of our knowledge, on optimized production
of terbinafine by Lysinibacillus species. Hence, these findings may be useful as baseline data
for scaling up the production of terbinafine from a natural microbial source.
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Introduction

Invasive fungal infections (IFIs) have elevated consistently with the increase in at-risk
immunocompromised patients, patients suffering from malignancies and those with
severe illnesses. Most of these infections are caused by Candida and Aspergillus
species.' Twenty percent of the infections reported in intensive care unit (ICU) were
attributed to invasive candidiasis.® Oropharyngeal candidiasis remains the prominent
opportunistic infection in HIV-positive patients with 95% of the cases caused by
C. albicans.* Increased resistance to antifungal agents such as azoles both in
C. albicans and non-albicans Candida spp. is extensively reported.” Aspergillus causes
infections ranging from invasive aspergillosis (IA) to extreme complications. Huge
elevation in drug-resistant isolates of Aspergillus species poses an extra danger to
humans.® The current pharmaceutical practices visualize fungi/yeast as a difficult chal-
lenge to common drugs. Not only do these drugs have adverse effects but also present
regimes of antifungals are becoming gradually inefficient. Moreover, the capability of
Candida sp. to form drug-resistant biofilm is a driving factor for fungal pathogenicity.”
Indeed, there is an increased need for new drugs to treat fungal diseases in humans.
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Many bacterial species are recognized to produce anti-
fungal agents. Among the soil bacteria is Lysinibacillus
(gram-positive spore-forming rods) which was previously
studied and known for its ability to produce antifungal
metabolites against plant pathogens.* '’ Recent studies
reported that Lysinibacillus fusiformis displayed strong
antifungal activity against aflatoxigenic Aspergillus flavus
and Aspergillus  parasiticus.'"  Lysinibacillus  isolate
MK212927 is a novel bacterial isolate recovered through
a screening program and shown to produce a metabolite
with promising antifungal activities against human fungal
pathogens. Upon characterization and structure elucida-
tion, it was found to be the allylamine antifungal (terbina-
fine). The present study aimed to optimize the various
factors affecting terbinafine production. Since many fac-
tors might affect the complexity of experimental results,
experimental design may be applied to perform data
optimization.'?> Response surface methodology (RSM),
a superior form of experimental design, can be defined as
a hybrid of both mathematical and statistical methods for
designing, developing, analysis and optimization of multi-
faceted processes.'® It simultaneously identifies the result
of altering different factors and their influence on the
required outcome of a procedure.'*'> This method is
more efficient than the traditional optimization method of
one-factor-at-a-time since it requires fewer trials, has the
ability to investigate the interactive effects among the
factors and avoids wasting unnecessary time and
materials.'® Response surface methodology is a very ben-
eficial tool to optimize numerous parameters, to find rela-
tiveness among the factors, to find the best combination of
parameters and for prediction of responses. Several types
of designs are available for the optimization of important
fermentation parameters, and central composite design
(CCD) is one of the most useful ones.'” Therefore, the
goal of this study was to optimize the various physical and
environmental parameters using RSM for maximum pro-
duction of the terbinafine metabolite produced by

Lysinibacillus isolate MK212927.

Materials and Methods

Microorganisms

Lysinibacillus isolate MK212927 is a novel bacterial isolate
proven to be a natural producer of the allylamine antifungal
terbinafine with broad-spectrum fungicidal activities.
Lysinibacillus isolate MK212927 (NCBI GenBank acces-
sion number, MK212927.1) was deposited in the Culture

Collection Ain Shams University (CCASU) belonging to
the WDCM (strain number, CCASU-MK212927). The tar-
get strain used for testing the antifungal activity of the
produced metabolite was the standard strain Candida albi-
cans ATCC 10231.

Fermentative Production of the
Antifungal Compound

The seed culture was prepared by transferring a loopful
from a new culture of Lysinibacillus isolate MK212927
into a flask containing 50 mL trypticase soy broth and
incubated at 250 rpm and 30°C for 15-18 hours. One
milliliter of the culture obtained was then centrifuged for
10 minutes at 16,000 rpm using a micro centrifuge
(Centurion Scientific-K240R) and the obtained cells were
washed once with 1 mL sterile normal saline and resus-
pended in the production media. The basal minimal med-
ium used for the production of the antifungal metabolite
was prepared according to Singh et al'® and consisted of:
5g/L glucose, 6 g/L Na,HPO,, 3g/L. K,HPO,, 1 g/L NH,
Cl, 0.5 g/L NaCl, 0.12 g/LL MgSQ,, 0.2 g/L. CaCl, and
distilled H,O to 1 liter. KOH pellets were used to adjust
the pH to 7 before sterilization.

Production was carried out by inoculating 30 mL aliquots
of the basal medium (in 250 mL Erlenmeyer flasks) by the
seed culture to give a final count of 1x 10’cfu/mL and
incubating in a shaking incubator at 150 rpm and 30°C.

Estimation of Antifungal Concentration
Antifungal concentrations were quantified from the linear
equation of a standard calibration curve of terbinafine
(Lamisil®). To obtain a standard calibration curve we
plotted known concentrations of terbinafine (Lamisil®™)
obtained from NOVARTIS Pharmaceutical Company
(Cairo, Egypt) versus the corresponding inhibition zone
diameters obtained against C. albicans ATCC 10231.

Studying Different Factors Affecting

Antifungal Production

Time Course of Antifungal Production

To obtain the time required for maximum antifungal pro-
duction, seven Erlenmeyer flasks (250 mL) were prepared
as mentioned above. One flask was sampled on daily basis
for determination of maximum level of the antifungal
metabolite produced over an incubation period of 7 days.
In brief, one mL of the fermentation broth was centrifuged
at 16,000 rpm and the supernatant (100 pL/well) was
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tested using the agar cup-plate method against Candida
albicans ATCC 10231 (0D= 0.1) in sabouraud’s dextrose
agar. The diameters of inhibition zones against Candida
albicans ATCC 10231 were determined after 24 hours of
incubation at 28°C. Each experiment was performed in
triplicate and the mean values of the inhibition zone dia-
meters were recorded.

Effect of Different Media Components

Screening of essential media components for enhanced anti-
fungal production was done following ‘“one-factor-at
-a-time” approach. The carbon source (glucose) present in
basal medium was substituted with 4 other carbon sources
(glycerol, starch, lactose or sucrose) all at 5 g/L. Likewise;
the nitrogen source (ammonium chloride) present in basal
medium was replaced with 4 other nitrogen sources (casein,
urea, yeast or peptone) all at 1 g/L, using the best carbon
source chosen. For each source, three experiments were
carried out and the mean values of corresponding inhibition
zones were recorded.'® The carbon and nitrogen sources
which proved to yield maximum antifungal production
were selected for further optimization experiments.

Optimization of Antifungal Production Using RSM

RSM was employed using a face-centered central compo-
site design to represent the interactions among the various
nutritional and physical variables in a cuboidal experimen-
tal space.'” The five variables included carbon source
(coded as variable A), nitrogen source (coded as variable
B), pH (coded as variable C), temperature (coded as vari-
able D) and agitation rate (coded as variable E). The
variables were tested at three levels, as shown in Table 1
and a total of 32 runs were carried out (Table 2).
Production was carried out as mentioned previously, and
after 3 days of incubation, one response value, the inhibi-
tion zone diameter was measured accordingly. The design
of experiments was performed using Design Expert® v. 7.0

Table | Variables and Levels Used in RSM Central Composite
Design for Optimization of Antifungal Production

Variables Level

-1 0 +1
Starch (g/L) | 3
Ammonium chloride (g/L) | 3
pH 6 7
Temperature (°C) 30 35 40
Agitation rate (rpm) 150 225 300

(Design Expert™ Software, Stat-Ease Inc., Statistics Made
Easy, Minneapolis, MN, USA).

Confirmation of the RSM Optimization Results

We exploited the numerical optimization function in the soft-
ware to obtain a set of optimal culture conditions and a new
experiment was performed using these optimal conditions.
Afterwards, we compared the production of the antifungal
metabolite using these conditions versus the standardized ones.

Statistical Analysis

All the values plotted are the means of triplicate experiments.
The statistical validation of the experimental data was per-
formed by the analysis of variance (ANOVA), while the
significance of the model was evaluated by the lack of fit test.

Results

Estimation of Antifungal Concentration
Concentrations of the antifungal metabolite were estimated
using the calibration curve of standard terbinafine (Figure 1).
By means of the developed linear equation: Y= 0.0169 X +
5.0022, the concentration of the antifungal compound (Y)
expressed as pg/mL was calculated, where (X) is inhibition
zone diameter in mm.

Time Course of Antifungal Production by
Lysinibacillus Isolate MK212927

As shown in Figure 2, the maximum antifungal production,
indicated by a mean of the inhibition zones of 24.7 mm, was
obtained after 3 days of incubation and therefore three days
was selected as the optimum incubation time in subsequent
experiments.

Effect of Growth Media Composition on

the Metabolite Production

We initially followed ‘‘one-factor-at-a-time” approach to
screen essential medium components required for optimized
antifungal production. The results of using different carbon
and nitrogen sources on the antifungal activity of
Lysinibacillus isolate MK212927 (inhibition zones) against
C. albicans are plotted in Figure 3. Enlarged inhibition zones
indicated enhancement in the antifungal metabolite production
by Lysinibacillus isolate MK212927. As shown in the figure,
maximum production was obtained by using starch (5 g/L) and
ammonium chloride (1 g/L) as the carbon and nitrogen
sources, respectively, and therefore, these were selected for
further studies.
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Table 2 Central Composite Design Runs for the 5 Different Factors Tested Showing the Observed and Predicted Responses

Run Starch Ammonium pH | Temperature | Agitation Observed Inhibition Predicted Inhibition
No (g/L) Chloride (g/L) (°C) (rpm) Zone (mm) Zone (mm)
| 3 3 6 35 225 21 21.9
2 | 5 6 40 300 17 17.9
3 | 5 8 40 150 12 13.8
4 | | 8 30 150 0 0.8
5 3 3 7 30 225 26 25.1
6 5 | 6 30 150 22 24
7 5 3 7 35 225 33 33
8 3 3 7 35 225 28 28
9 3 3 8 35 225 15 17.6
10 3 3 7 35 225 28 28
I 5 5 6 30 300 30 30.7
12 3 3 7 40 225 19 23.5
13 3 3 7 35 225 28 28
14 | 5 6 30 150 19 21
15 | | 8 40 300 14 14.4
16 5 5 6 40 150 23 229
17 | 5 8 30 300 I I
18 3 3 7 35 225 28 28
19 5 | 6 40 300 17 20.5
20 3 3 7 35 225 28 28.1
21 | | 6 40 150 13 14.9
22 3 5 7 35 225 31 33.1
23 5 5 8 30 150 27 28.1
24 3 3 7 35 150 25 27.1
25 5 | 8 40 150 16 16.3
26 | 3 7 35 225 18 23.1
27 5 5 8 40 300 20 22.5
28 3 | 7 35 225 27 28.5
29 | | 6 30 300 15 15.1
30 3 3 7 35 300 26 29
31 3 3 7 35 225 28 28.1
32 5 | 8 30 300 24 25.1

Optimization of Antifungal Production
Using RSM

To optimize the antifungal production conditions by
Lysinibacillus isolate MK212927, we undertook a face-
centered central composite design. Table 2 shows the
actual values of the tested factors, the design, the observed
and predicted results. The relationship between the factors
was determined and a second-order polynomial equation
was fitted by the software using the data obtained from the
32 experiments. The resulting RSM model equation pro-
posed by the software was as follows:

-510.17 + 6.08 x Starch + 2.22
x ammonium chloride + 102.59 x pH + 9.92 x Temperature -
0.03 x Agitation + 0.69 x Starch x pH - 0.24 x Starch

Inhibition zone =

x Temperature - 0.088 x ammonium chloride x Temperature
- 9.17E - 003 x ammonium chloride x Agitation + 0.20 x pH
x Temperature + 0.01 x pH x Agitation + 0.68 x ammonium
chloride? - 8.29 x pH? - 0.15 x Temperature®

To determine the appropriateness of the model we used
ANOVA and calculated the P-value which represents the
significance of each factor on the antifungal production.
ANOVA results are shown in Table 3. The F-value of the
model was 34.2, which shows the model is significant.
A P-value of less than 0.05 indicates that the model
terms are significant. In the current case, the linear terms
A, B, C, D and E were significant. The interactive terms
AC, AD, BE, CD and the quadratic terms Bz, C?and D?
were also significant model terms. Also, the coefficient of
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Figure | Standard calibration curve of terbinafine concentration versus inhibition zones obtained against Candida albicans ATCC 10231.
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Figure 2 Time course of antifungal production by Lysinibacillus isolate MK212927 in basal media. The presented data are the means of three readings while the vertical small

error bars indicate the standard deviation of the data.

variation was 8.46; this low value denotes the good relia-
bility of the experimental values. The fit of the model was
expressed with the coefficient of determination R* that was
0.97, suggesting that 97% of variability in response could
be explained by the model. Moreover, a fair agreement
was noted between the predicted R-squared (0.833) and

the adjusted R-Squared (0.938) values. Lastly, adequate
signal was confirmed by the adequate precision ratio
which was equal to 25.31. Thus, this model was adequate
to navigate the design space.

The three-dimensional response surface plots (3D
plots) (Figure 4) and contour plots (Figure 5) demonstrate

Infection and Drug Resistance 2020:13
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Figure 3 Effect of (A) different Carbon sources and (B) Nitrogen sources on the antifungal activity of Lysinibacillus isolate MK212927 against Candida albicans ATCC 10231.

the effect of interactive experimental conditions. By using
the numerical optimization function together with these
surface plots, the optimum conditions that enhanced terbi-
nafine production were found to be starch and ammonium
chloride both at 5 g/L, agitation rate of 150 rpm, a pH of 7
and a temperature of 32°C.

We constructed the following model diagnostic plots to
endorse our models and validate our findings:

The normal probability plot of residuals is an important
diagnostic method for the model (Figure 6A). It revealed
no signs of problems in the data and the normality in the
error term could be proved by linear patterns.

The Box Cox plot is a valuable tool for the determina-
tion of the most suitable power transformation to be
applied to response data. Here, the generated plot showed
no need for additional transformation and the model was
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Table 3 The Analysis of Variance (ANOVA) of the Central Composite Design (CCD) Model for the Effects of Starch (A), Ammonium

Chloride (B), pH (C) Temperature (D) and Agitation (E) on the Inhibition Zones Caused by the Antifungal Metabolite

Source Sum of Squares Degrees of Freedom (df) Mean Square F value P-value
Model 1587.60 14 113.40 34.20 <0.0001
A-Starch 480.5 | 480.5 144.90 <0.0001
B-NH,CI 98 | 98 29.55 <0.0001
C-pH 80.22 | 80.22 24.19 0.0001
D-TEMP 29.39 | 29.39 8.86 0.0085
E-Agitation 16.06 | 16.06 4.84 0.0419
AC 30.25 | 30.25 9.12 0.0077
AD 90.25 | 90.25 2722 <0.0001
BD 12.25 | 12.25 3.69 0.0715
BE 30.25 | 30.25 9.12 0.0077
CD 16 | 16 4.83 0.0422
CE 9 | 9 271 0.1178
B? 21.02 | 21.02 6.34 0.0221
c? 196.02 | 196.02 59.11 <0.0001
D? 40.93 | 40.93 12.34 0.0027
Residual 56.37 17 332

Lack of fit 56.37 12 4.70 >0.05
Pure error 0 5 0

Corrected total 1643.97 31

sufficient where the present lambda (A =1) is within the
95% confidence range of the optimum lambda value
(Figure 6B).

The predicted versus actual values plot showed
a satisfactory agreement between the outputs from the
models and the actual data. This plot also confirmed the
proximity of the actual values to the predicted values as
the points showed a distribution that was near to the
straight line (Figure 6C).

The residuals versus Run number plot showed that the
points were randomly scattered around zero (Figure 6D)
which indicated that the model fits the data.

Confirmatory Experiment Using Optimal

Conditions

An inhibition zone of 35.67 mm was obtained by using the
optimum levels of the conditions proposed by the model,
temperature 32°C, agitation 150 rpm, Starch 5 g/L, ammo-
nium chloride 5 g/L and pH 7. This resultant inhibition
zone is highly comparable to the value predicted by the
model, which was 38 mm, indicating a valid model. Using
the calibration curve of terbinafine, we concluded that this
inhibition zone corresponded to an antifungal concentra-
tion of 1814.662 pg/mL. That is to say, the optimal con-
ditions used resulted in a 1.6-fold increase in antifungal

production by the Lysinibacillus isolate MK212927 as
compared to that produced by using the standardized con-
ditions (1165.550 pug/mL) as shown in Figure 7.

Discussion

A crucial cause of morbidity and mortality are the inva-
sive, life-threatening fungal infections, especially for
immunocompromised patients. The therapeutic options
available for the treatment of these infections is rather
restricted when compared with those accessible to treat
bacterial infections.”® The currently available synthetic
antifungal agents have many side effects which minimize
their use and safety profile. For example, Itraconazole is
a broad-spectrum synthetic triazole whose most common
reported adverse effects are gastrointestinal disturbances,
hepatic toxicity, and cardiac effects. Thus, it is prohibited
to use with patients receiving certain medications.?!
Antifungal agents from natural sources can overcome the
side effects and the risks associated with synthetic ones.
The use of natural antifungals has proven to be an alternate
and effective way of treating oral candidiasis in previous
reports.”> Therefore, the present investigation aimed to
achieve optimal conditions for improved production of
the fungicidal metabolite, terbinafine, produced by
Lysinibacillus sp MK212927.
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agitation.
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number plot.

We combined the traditional one-factor-at-a-time
approach and experimental design to optimize the condi-
tions for antifungal production. The one-factor-at-a-time
experiments were used to select the best medium compo-
nents for production, while the response surface methodol-
ogy, which included the central composite design was used
to build a model to select the optimum levels of the chosen
medium components, select optimum environmental con-
ditions and study the interactions across the several factors
with antifungal metabolite production as the response.
Carbon and nitrogen sources are the key nutritional com-
ponents in the medium for bacterial cultivation; bacteria
need both of these their

production.’> It was deemed necessary to examine the

sources for metabolite
effect of varying the nitrogen and carbon sources on the
production of the antifungal metabolite. Previous studies
stated that various bacteria showed an increase in second-

ary metabolite production utilizing a complex carbon

source like starch.”® On the other hand, simple sources of
carbon caused catabolic repression leading to reduced
levels of metabolites.”* In agreement with these reports,
maximum production of the antifungal metabolite was
obtained by using starch (5 g/L) as the carbon source.
Ammonium chloride (1 g/L) was proven to be the suitable
nitrogen source; this is in accordance with reports from
earlier studies.**

The classical methods used for optimizing fermentation
conditions, in particular physical and nutritional para-
meters, are slow, tedious and expensive; also, they neglect
the combined interactions among different variables.”> The
statistical methodologies are favorable because they are
fast, reliable, help understand the effect of the nutrients
at varying concentrations and result in a substantial reduc-
tion in total number of experiments therefore saving time,
glassware, chemicals and manpower.”® These statistical
methods based on experimental design, such as the RSM,
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allowed the evaluation of the simultaneous effects of dif-
ferent variables including environmental conditions and
culture medium components on the antifungal metabolite
production.'® It was important to use such methods for
a better perception of the likely interactions between eval-
uated variables.”’*® RSM has been intensely used in pre-
vious studies for the optimization of the fermentation
conditions and the medium composition to maximize the
production of antifungal metabolites by different soil
bacteria.”’ For example, the central composite design of
RSM was used to improve the antifungal activity of
a metabolite produced by Streptomyces diastatochromo-
genes KX852460 by optimizing the nutrient components
in submerged fermentation in a previous study.'’
Moreover, in a recent study, the co-culture medium com-
ponents and fermentation conditions of Trichoderma atro-
viride SG3403 and Bacillus subtilis 22 were optimized
using RSM for the production of antifungal metabolites.*

Using central composite design, a total of 32 runs were
conducted to study the interactions between the selected 5
variables (starch, ammonium chloride, pH, temperature
and agitation) and to determine how they influenced the
metabolite yield. To investigate the significance of the
design, we used ANOVA which provides a better under-
standing about the sources of variation.>' The Fisher’s test
compares between the mean square values of these two
sources of variance; the model and residual error.>? The
attained F-value, 34.2 proved that the model developed in
this study was significant (P-value <0.0001) and could be

used to explain the variation in the response under inves-
tigation (antifungal production). Alternatively, the lack of
fitness should be non-significant for the model to fit well
with the experimental design. In our results, the non-
significant lack of fit (P-value >0.05) indicated that the
model was appropriate for the current study. Normally, an
R? value exceeding 0.9 reflects great correlation for any
regression model.** Hence, the obtained R? value (0.97)
reveals a very good fit between the predicted and the
observed responses. The ability of the model to precisely
predict a response value can be expressed as the predicted
R? which should be in good agreement with the adjusted
Rz; difference between both should not exceed 0.2.3!
Accordingly, our results displayed a fair agreement
between the adjusted and predicted R? values (0.833 and
0.938, respectively). The ratio of adequate precision,
a measure of signal-to-noise ratio, we obtained was
25.309. This ratio demonstrated a satisfactory model dis-
crimination since it was greater than 4.** In addition, the
low value of coefficient of variation (CV=8.46) indicated
that these experiments were precise and reliable. Usually,
the CV value and the reliability of the experiment are
inversely proportional.*

Moreover, the significance of each factor was reported
by P-value. The smaller the P-value and larger the sum of
squares, the more significant the corresponding factor
is.’**7 As shown in Table 3, starch (A) was the most
significant factor affecting antifungal production, followed
by ammonium chloride (B), pH (C), temperature (D) and
finally agitation (E). Temperature and pH are vital physio-
logical parameters influencing the metabolic pathways,
hence the generation of various metabolites.>® Metabolite
production from our Lysinibacillus species was strongly
dependent upon pH and temperature and showed maxi-
mum production at 32°C and pH 7. Previous studies
observed optimum yield of metabolites near or slightly
lower than optimum growth temperature and around the
neutral pH (pH 6.8-7.4).3%%°

Moreover, the interaction between starch and tempera-
ture (AD) was the most significant, followed by the inter-
action between starch and pH (AC) and ammonium
chloride and agitation (BE), then interaction between pH
and temperature (CD). The other interactions were not
significant. A significant interaction between 2 factors
means the effect of one factor depends on the level of
the other.*' As shown in the equation representing the
model, all factors and interactions had positive synergistic
effects on antifungal yield except agitation (E) and the
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interactions between starch and temperature (AD), ammo-
nium chloride and temperature (BD) and ammonium
chloride and agitation (BE), which had negative antago-
nistic effects on antifungal production.

For a better understanding of the variables’ effects on
the antifungal metabolite production and their interactions,
the predicted model was presented as 3D-plots and contour
plots. The 3D plots can directly reflect the effect of differ-
ent levels of the factors on the response and therefore
pinpoint their optimum levels. The 2D contour plots, on
the other hand, can reflect the significance of the interac-
tion between any two factors: an elliptical or saddle con-
tour suggests that the interaction between the two factors
is significant, whereas a circular contour suggests that the
interaction is weak.*®*”** From the 3D figures and numer-
ical optimization function, the recommended optimum
conditions for maximum antifungal metabolite yield were
determined and attempted experimentally. In addition, the
contour plots obtained for AD, AC and BE were elliptical
in shape indicating significant interaction between these
variables.

In summary, the model has significant F-value, high R
value, a low coefficient of variance and an insignificant
lack-of-fit. These results point towards the accuracy of the
model in predicting the antifungal metabolite yield.
Moreover, the model diagnostic plots generated also ver-
ified the soundness of the model constructed in our study.

A successful validation of the model was performed as
the actual results obtained experimentally were in reason-
able agreement with the values predicted by the model for
the maximum metabolite yield. The optimal antifungal
metabolite concentration produced by Lysinibacillus iso-
late MK212927 was 1814.662 ng/mL which is equivalent
to about 1.6-fold increase in production as compared to
that produced by wusing the standardized conditions
(1165.550pg/mL).

Conclusion

In the present work, we demonstrated the impact of multi-
ple factors on the production of terbinafine antifungal
metabolite produced by Lysinibacillus isolate MK212927
and defined the optimum levels required for maximum
production. Central composite factorial design in RSM
was found to be very effective in determining the interac-
tion between these significant variables and resulted in
about 1.6-fold increase in productivity. Hence, these
results may serve as baseline data for scaling up the

production of terbinafine antifungal metabolite by the
respective isolate as a natural source for its production.
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