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ABSTRACT
Obesity and its metabolic complications are a growing global health burden, 
pushing the search for safer, more effective treatments. This review looks at fungal-
derived therapeutic enzymes and endophytic fungi as sustainable resources for 
new treatments, particularly pancreatic lipase inhibitors for metabolic disease.  
It covers the pharmaceutical relevance of fungi like Aspergillus niger, A. oryzae, 
A.�Áavus, and Saccharomyces cerevisiae, which produce enzymes used in oncology, 
metabolic� and� digestive� disorders,� inÁammation,� thrombosis,� and� enzyme�
replacement therapy. Particular attention goes to pancreatic lipase inhibitors 
and fungal bioactive metabolites as anti-obesity agents that reduce dietary fat 
absorption with fewer side effects than current synthetic drugs. The review also 
examines how fungal secondary metabolites are biosynthesized and regulated, 
including biosynthetic gene clusters, metabolic engineering, heterologous 
expression, and protein engineering used to boost enzyme production and 
stability.� Enzymes� like� L-asparaginase,� uricase,� lactase,� lipase,� β-glucosidase,�
superoxide� dismutase,� cytosine� deaminase,� and� 𿿿brinolytic� enzymes� are�
discussed by mechanism, application, and clinical status. Manufacturing topics 
fermentation, downstream processing, GMP, immunogenicity, and regulation 
round out the picture. Despite ongoing challenges in stability and scale-up, 
advances in synthetic biology and precision fermentation continue to position 
fungal biotechnology as a sustainable platform for treating obesity, cancer, and 
other chronic diseases.
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INTRODUCTION
Microbes are everywhere, and their 
pharmaceutical potential is enormous. 
Pharmaceutical microbiology looks at 
bacteria, yeasts, molds, viruses, and toxins in 
raw materials, products, and manufacturing 
environments to protect human health. 
Microbes treat infectious diseases, manage 
metabolic disorders, and support drug 
discovery� and� safety� testing.� The� 𿿿eld� now�
covers new anti-infectives, using microbes 
to screen for mutagenic and carcinogenic 
compounds, and producing therapeutics like 
insulin and human growth hormone through 
microbial fermentation. Bioactive compounds 
derived from microbes give pharmaceutical 
and biotech companies a faster, cheaper way to 
make active ingredients than growing plants 
or raising animals (Kapoor et al., 2020).

Microbial specialized secondary metabolites 
are low-molecular-weight compounds made 
outside the main growth phase. Their structures 
are unusual and their activities wide-ranging: 
antibiotics, antivirals, antioxidants, antitumor 
agents, immunomodulatory, enzyme 
inhibitors, toxins, pigments, hormones. 
Some also work as colorants, pesticides, 
or growth promoters. About 53% of FDA-
approved natural-product drugs come from 
microorganisms. Nutrient availability, growth 
conditions, feedback mechanisms, and enzyme 

induction or inactivation all regulate how 
much of these metabolites gets made, often 
through small signalling molecules, transfer 
RNAs,�sigma�(σ)�factors,�and�developmentally�
expressed gene products. Recent work 
shows most biosynthetic pathways sit on 
chromosomal gene clusters rather than 
plasmids, but plenty of pathway detail is 
still unresolved leaving open questions in 
enzymology, regulatory biology, and microbial 
differentiation (Fouillaud et al., 2022).

Microbial sources are key to producing novel 
bioactive compounds that improve human 
health and medicine. The common commercial 
fungal enzymes are glycosyl hydrolases 
(cellulases, xylanases, mannanases, amylases, 
pectinases,� β-fructofuranosidase),� with�
cellulases and amylases used in the bioethanol, 
textile, and detergent industries. Fungal 
proteases and keratinases serve detergent, 
food, leather, pharmaceutical, and waste-
management applications. Acidic pectinases 
improve the clarity and taste of fruit juices; 
phytases are being explored to boost nutrition 
in poultry feed. L-asparaginases from molds 
are under investigation for cancer therapy and 
for reducing acrylamide in food. Heterologous 
expression, enzyme immobilization, and 
protein engineering are improving the 
production,�stability,�and�speci𿿿city�of�fungal�
enzymes for wider use (Roy et al., 2026).

Microbial
therapeutics

Treat infectious
diseases, manage

metabolic disorders,
and support drug

discovery and safety
testing.

Bioactive
compounds

Low-molecular-weight
secondary metabolites
including antibiotics,

antivirals,
antioxidants, and
antitumor agents.

Fungal enzymes

Commercial enzymes
like glycosyl

hydrolases, proteases,
and keratinases used in

diverse industrial
applications.

Enzyme therapy

Medical treatment for
enzyme deficiencies,
metabolic disorders,
and conditions like

cystic fibrosis.

Figure 1: Schematic representation of the pharmaceutical importance of microorganisms, illustrating their role in therapeutic 
applications, production of bioactive secondary metabolites, industrially important fungal enzymes, and therapeutic enzymes used in 

the treatment of enzyme deficiencies, metabolic disorders, infectious diseases, and other human health conditions.
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BIOTECHNOLOGICAL AND THERAPEUTIC 
APPLICATIONS OF FUNGAL ENZYMES

1. L-Asparaginase (EC 3.5.1.1) present in 
plants, fungi, and microbes, is utilized for 
leukemia treatment by depriving tumor cells 
of L asparagine. Fungi like Aspergillus terreus 
and Penicillium species offer a cost-effective, 
puri𿿿able�source�of�LA�with�notable�antitumor�
properties, including PEGylated forms. And 
fungal LA has various applications in the food 
industry, biosensors, and biopharmaceutical 
production, although most commercial LA 
drugs are derived from bacteria.
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2. α-Amylase (EC 3.2.1.1) are fungal-derived 
glycoside hydrolases (notably Aspergillus) 
that digest starch into sugars and dextrins; 
since commercial use began in 1984 they’ve 
been� applied� in� pharmaceuticals,� 𿿿ne�
chemicals, medical diagnostics (serum 23-
85 IU/L; elevated in pancreatitis and other 
conditions), enzyme replacement for pancreatic 
insuf𿿿ciency,� wound� healing� and� anti-infective�
roles, drug delivery/theranostics, and research 
on pancreatitis, diabetes, and cancer.
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3. Cytosine deaminases (EC 3.5.4.1), 
found in fungi and prokaryotes, deaminate 
cytosine to uracil and convert the prodrug 
5-Áuorocytosine� into� the� chemotherapeutic�
5-Áuorouracil;� this� enzyme/prodrug� pair� is�

used in suicide gene therapy and has been 
explored against endometrial, colon, prostate, 
breast� cancers� and� gliomas,� and� 5-Áuorouracil�
also serves as an antifungal agent (waldorf 
and polak 1983).
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4. Proteases (EC3.4.21–24) are protein-
degrading enzymes produced by many fungi 
(e.g., Trichoderma, Beauveria) and are used 
therapeutically for wound healing, scar and 
callus removal, skin regeneration, acne and 
psoriasis treatment, thrombolysis  and  surgical  
hemostasis (e.g., Urokinase, thrombin), and as 
digestive enzyme replacement for pancreatic 
insuf𿿿ciency�(Craik page and Madison 2011).

HOH

His

His

His

His

His

HisHis

His

His

His

Cys

Met

Cu1

Cu3Cu2

Cu4

OH

5. Lipases (EC 3.1.1.3), produced by Candida, 
Aspergillus and Rhizopus spp., hydrolyse fats 
and�catalyse�esteri𿿿cation/�trans-esteri𿿿cation�
at interfaces; they’re used in drug synthesis 
(e.g., lovastatin), cancer therapies (colorectal, 
pancreatic), enzyme replacement for  
pancreatic� insuf𿿿ciency� and� fat� malabsorption,�
combined enzyme therapeutics (e.g., 
TheraCLEC), and as diagnostic markers for 
pancreatic injury and acute pancreatitis (Lott 
and Lu 1991; Gurung et al., 2013).
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6. Laccases (EC 1.10.3.2), extracellular 
multicopper oxidases from white-rot fungi 
(produced by submerged or solid-state 
fermentation), oxidize phenolic and non-
phenolic compounds with O2 and water; they 
have therapeutic potential anti proliferative 
activity against breast and liver cancers and 
antiviral effects (e.g., inhibiting HIV-1 reverse 
transcriptase and blocking hepatitis C virus 
entry) (El-Gendi et al., 2021).
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Fungal therapeutic enzymes are a safe, 
effective, and scalable source of biocatalysts 
for treating a wide range of clinical conditions, 
with applications in food biotechnology, 
pharmaceutical biotechnology, and clinical 
medicine. Fungi such as Aspergillus niger, A. 
oryzae, and Saccharomyces cerevisiae produce 
clinically important enzymes including  
L-asparaginase, uricase, lactase, protease, 
lipase, amylase, superoxide dismutase (SOD), 
and� β-glucosidase,� used� to� treat� cancer,�
metabolic disorders, digestive diseases, 
thrombotic� disorders,� genetic� de𿿿ciencies,� and�
inÁammatory� conditions.� These� enzymes� are�
valuable partly because fungi secrete them 
extracellular,�which�makes�puri𿿿cation�simple�
and cheap, and partly because the enzymes 
themselves are acid-stable, tolerant of a wide 
pH range, and highly active under mild 
conditions (El-Gendi., 2021; Singh et al., 2021). 
This makes fungal enzyme preparations well 
suited to clinical use: they resist degradation 
by stomach acid, they can hydrolyze important 
substrates across a wide pH range, and in 
some cases they outperform animal-derived 
enzymes (Sing et al., 2025).

Digestive enzymes
Lactase, lipase, amylase, and
protease from A. oryzae and

A. niger for digestive
conditions.

Uricase
Treats hyperuricemia and

gout, sourced from A.
flavu and A. niger.

L-asparaginase
First-line therapy for acute

lymphoblastic leukemia
derived from Aspergillus

terreus and Aspergillus
niger.

Superoxide
dismutase

Anti-inflammatory from S.
cerevisiae used for arthritis

and oxidative stress.
Fibrinolytic enzymes
Dissolve clots in thrombotic
disorders, sourced from
Aspergillus ochraceus.

β-glucosidase

Enzyme replacement therapy
for Gaucher disease derived
from A. niger.

Cytosine deaminase
Enables suicide gene therapy
for cancer from S. cerevisiae
and Candida albicans.

Figure 2: Illustration of major fungal-derived therapeutic enzymes and their biomedical applications, demonstrating their roles in 
enzyme replacement therapy, antioxidant defense, fibrinolysis, cancer treatment, and digestive health
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L-asparaginase from Aspergillus terreus and 
Aspirgillus niger� is� 𿿿rst-line� therapy� for� acute�
lymphoblastic leukemia, while uricase from 
A.� Áavus and A. niger treats hyperuricemia 
and gout (Dutta & Kumar, 2023). Digestive 

enzymes lactase, lipase, amylase, and protease 
from A. oryzae and A. niger are taken orally for 
lactose� intolerance,� pancreatic� insuf𿿿ciency,�
mal digestion, and malabsorption (Resnick, 
2016). SOD from S. cerevisiae works as an  
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anti-inÁammatory� for� arthritis� and�
oxidative� stress,� and� 𿿿brinolytic� enzymes�
from Aspergillus ochraceus dissolve clots in 
thrombotic disorders (Singh et al., 2021). 
β-glucosidase�from�A. niger serves as enzyme 
replacement therapy for Gaucher disease, and 
cytosine deaminase from S. cerevisiae and 
Candida albicans enables suicide gene therapy 
for cancer (Dhankhar., R. et all., 2020). Beyond 
therapeutics, these fungal enzymes turn up 
across pharmaceutical synthesis, industrial 
processing, agriculture, bioremediation, food 
processing, diagnostics, molecular biology, 
Nano biotechnology, cosmetics, and marine 
biotechnology (Dutta & Kumar, 2023; Singh  
et al., 2021). They are produced at GMP quality 
in large volumes using various fermentation 
techniques and host organisms production 
choices that help address immunogenicity, 
shelf-life,� therapeutic� ef𿿿ciency,� and� cost�
barriers (Dutta & Kumar, 2021).

FUNGAL SECONDARY METABOLITES 
AND THE BIOSYNTHETIC MACHINERY

Microbial specialized secondary metabolites 
are low-molecular-weight compounds 
synthesized outside the main growth phase 
(Killedar and Ramalingappa 2024). Their 
structures are unusual and their biological 
activities wide-ranging, encompassing 
antibiotics, antivirals, antioxidants, antitumor 
agents, immunomodulatory, enzyme 
inhibitors, toxins, pigments, and hormones; 
some also function as colorants, pesticides, 
or growth promoters. Roughly 53% of FDA-
approved natural-product drugs originate 
from microorganisms. Production of these 
metabolites is tightly regulated by nutrient 
availability, growth conditions, feedback 
mechanisms, and enzyme induction or 
inactivation, often through small signalling 
molecules,� transfer� RNAs,� sigma� (σ)� factors,�
and developmentally expressed gene products. 
Most of the underlying biosynthetic pathways 
are encoded on chromosomal gene clusters 
rather than plasmids, although many pathway 
details remain unresolved (Fouillaud et al., 
2022). At the cellular level, this regulatory 
cascade culminates in a physical production 
line. Nutrient and growth signals are converted 
into small signalling molecules, which activate 
sigma factors, which in turn switch on the 
relevant biosynthetic gene cluster (Sowmya, 
K., L. et al., 2025). The resulting enzymes are 
assembled in the rough endoplasmic reticulum, 
processed through the Golgi apparatus, and 
packaged� into�vesicles� that�carry� the�𿿿nished�

compounds to the cell membrane for secretion, 
while the vacuole serves as an intermediate 
storage site. As metabolite concentration 
rises, feedback inhibition dampens the earlier 
signalling step, which is why secondary 
metabolite output is tied to growth phase 
rather than running continuously.

PRODUCTION OF FUNGAL THERAPEUTIC 
ENZYMES

Fungal sources are central to the production 
of novel bioactive compounds that support 
human health (Hani et al., 2025). Common 
commercial fungal enzymes are glycosyl 
hydrolases cellulases, xylanases, mannanases, 
amylases,� pectinases,� and� β-fructofuranosidase�
with cellulases and amylases widely used 
in the bioethanol, textile, and detergent 
industries. Fungal proteases and keratinases 
serve detergent, food, leather, pharmaceutical, 
and waste-management applications; acidic 
pectinases improve the clarity and taste of 
fruit juices; and phytases are being explored to 
improve nutrition in poultry feed. Heterologous 
expression, enzyme immobilization, and 
protein engineering continue to improve the 
production,�stability,�and�speci𿿿city�of�fungal�
enzymes for broader use (Stajich et al., 2009).

At industrial scale, moving from a laboratory 
strain� to� a� 𿿿nished� therapeutic� product� 
follows a consistent sequence an engineered 
microbial strain is selected, grown under 
controlled conditions in a bioreactor 
(fermentation), the target compound is isolated 
and� puri𿿿ed� (downstream� processing),� and�
the resulting material is stabilized for delivery 
(formulation)� before� release� as� a� 𿿿nished�
product such as insulin or a therapeutic enzyme 
preparation (Ramalingappa et al., 2024).

Fungal enzymes are especially well suited 
to this pipeline for two reasons. First, fungi 
secrete many of their enzymes extra cellular, 
which� simpli𿿿es� puri𿿿cation� and� lowers�
production cost relative to enzymes that must 
be extracted from inside cells or from animal 
tissue. Second, the enzymes themselves tend 
to be acid-stable, tolerant of a wide pH range, 
and catalytically active under mild conditions 
(Killedar. M, 2024; Singh et al., 2025). These 
properties carry directly into clinical use: 
fungal enzyme preparations resist degradation 
by stomach acid, can hydrolyze physiologically 
and pathologically relevant substrates across a 
wide pH range, and in some cases outperform 
animal-derived enzymes.
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CLINICAL APPLICATIONS OF FUNGAL 
THERAPEUTIC ENZYMES

Fungi such as Aspergillus niger, A. oryzae, 
and Saccharomyces cerevisiae produce a set of 

clinically important enzymes that are already 
in therapeutic use or under active investigation. 
Table 1 summarizes the principal examples 
discussed in this review.

Table 1: Therapeutically important fungal enzymes, their major fungal sources, and corresponding clinical applications in the 
treatment of metabolic, cardiovascular, digestive, inflammatory, and oncological disorders

Enzyme Fungal Source (S) Clinical Application

L-asparaginase Aspergillus terreus, A. niger First-line therapy for acute lymphoblastic leukemia

Uricase Aspergillus flavus, Aspergillus niger Hyperuricemia and gout

Lactase, lipase, amylase, 
protease Aspergillus oryzae, Aspergillus niger Lactose intolerance, pancreatic insufficiency, maldigestion 

and malabsorption

Superoxide dismutase (SOD) Saccharomyces cerevisiae Anti-inflammatory agent for arthritis and oxidative stress

Fibrinolytic enzymes Aspergillus ochraceus Dissolution of blood clots in thrombotic disorders

β-glucosidase Aspergillus niger Enzyme replacement therapy for Gaucher disease

Cytosine deaminase S. cerevisiae, Candida albicans Suicide gene therapy for cancer

1. Oncology and Gene Therapy
L-asparaginase is the clearest example of 

a fungal enzyme with an established place 
in cancer treatment. The enzyme catalyzes 
the hydrolysis of circulating L-asparagine 
to aspartic acid and ammonia. Normal cells 
synthesize their own asparagine via asparagine 
synthetase and are largely unaffected by its 
depletion, but many leukemic lymphoblasts 
lack� suf𿿿cient� asparagine� synthetase� activity�
and depend on the extracellular amino 
acid pool to survive. Depleting that pool 
selectively starves the malignant cells, driving 
apoptosis, and asparaginase is accordingly 
built into multi-agent induction regimens 
for acute lymphoblastic leukemia (ALL). The 
asparaginase products currently approved 
for this purpose are of bacterial origin 
(Escherichia coli and Erwinia chrysanthemi), 
and hypersensitivity or silent inactivation by 
anti-drug antibodies remains a recognized 
limitation of long-term use. L-asparaginases 
from Aspergillus terreus and Aspergillus niger  
are under active investigation as potential 
lower-immunogenicity alternatives, on the 
premise that a structurally distinct fungal 
enzyme may provoke a different antibody 
response and permit re-treatment after a 
patient develops hypersensitivity to the 
bacterial forms (Gupta et al., 2025).

A second, mechanistically distinct 
application is gene-directed enzyme pro-
drug therapy (GDEPT), in which cytosine 
deaminase from Saccharomyces cerevisiae or 
Candida albicans is delivered to tumor cells 
by a viral or non-viral vector. Once expressed 
locally, the enzyme converts the relatively non-

toxic� pro-drug� 5-Áuorocytosine� (5-FC)� into� 
the� potent� chemotherapeutic� 5-Áuorouracil�
(5-FU) inside and around the tumor, 
concentrating cytotoxicity at the tumor site 
while limiting systemic exposure. This suicide-
gene strategy has been explored in clinical 
trials for glioma and several solid tumors; it 
remains an investigational approach rather 
than routine standard of care, and its clinical 
success depends heavily on vector delivery 
ef𿿿ciency� and� the� bystander� effect� by�which�
the toxic metabolite spreads to neighboring, 
non-transduced tumor cells (Gulyamoya et al., 
2026).
2. Metabolic and Digestive Conditions
Uricase,�produced�by�Aspergillus�Áavus�and�

Aspergillus niger, catalyses the oxidation of 
uric acid to the more water-soluble compound 
allantoin, which is then readily excreted 
renally. Humans lack functional uricase due 
to an evolutionary pseudogenization of the 
corresponding gene, making exogenous 
uricase a rational treatment for conditions 
of uric acid excess. This principle underlies 
rasburicase,�a�recombinant�Aspergillus�Áavus�
uricase� expressed� in� genetically� modi𿿿ed�
Saccharomyces cerevisiae and approved for 
the rapid control of hyperuricemia in tumor 
lysis syndrome, a metabolic emergency that 
arises when large numbers of tumor cells 
are killed simultaneously by chemotherapy 
and release their intracellular uric acid 
precursors into the bloodstream. Related 
uricase-based strategies are also studied 
for treatment-refractory gout (Patil et al., 
2022).
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Cytosine deaminase

Primary
therapeutic
mechanism

Clinical status

Key Technical
limitation

L-asparaginase

Starves malignant cells by
depleting the extracellular

asparagine pool

Induces apoptosis in leukemic
lymphoblasts

Established component of multi-
agent induction regimens for

ALL

Currently used in standard care

Susceptible to hypersensitivity
or silent inactivation by

anti-drug antibodies
Requires alternative sources to permit

re-treatment

Converts non-toxic 5-FC into
potent 5-FU
Concentrates cytotoxicity directly at
the tumor site

Remains an investigational
approach in clinical trials

Explored for glioma and solid
tumors

Dependent on vector delivery
efficiency and the bystander
effect

Relies on local expression within tumor
cells

Figure 3: Comparison of two clinically important fungal therapeutic enzymes, illustrating their primary mechanisms,  current 
clinical applications, and technical limitations in cancer treatment

Figure 4: Mechanistic illustration of fungal enzymes used in metabolic and digestive disorders, demonstrating uricase-mediated 
treatment of hyperuricemia and digestive enzyme-based therapy for lactose intolerance, pancreatic insufficiency, and malabsorption.

A second cluster of applications addresses 
digestive� enzyme� de𿿿ciencies.� Lactase� from�
Aspergillus oryzae and the yeast Kluyveromyces 
lactis hydrolyses lactose into glucose and 
galactose and is the active ingredient in widely 
used over-the-counter lactase supplements 
for lactose intolerance. Lipase, amylase, and 
protease from A. oryzae and Aspergillus niger 
break down dietary fats, starches, and proteins 

respectively, and microbial or fungal versions 
of these enzymes are studied as non-animal 
alternatives to the porcine pancreatic extracts 
that currently dominate prescription pancreatic 
enzyme replacement therapy for conditions such 
as�cystic�𿿿brosis-related�pancreatic�insuf𿿿ciency,�
chronic pancreatitis, and other malabsorption 
disorders (Killedar, M., A. et al., 2024). Because 
fungal digestive enzymes tolerate a wider pH 
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range than their porcine counterparts, they are 
of particular interest for patients who do not 
respond adequately to standard enteric-coated 
preparations.

3.�InÁammatory�and�Thrombotic�Disorders
Superoxide dismutase (SOD), an antioxidant 

metallo-enzyme produced by Saccharomyces 
cerevisiae, catalyse the disproportionation of 
superoxide radicals into oxygen and hydrogen 
peroxide, reducing oxidative damage to tissue. 
This activity underlies its investigation as an 
anti-inÁammatory�agent�in�conditions�such�as�
arthritis, where oxidative stress contributes 
to joint tissue damage, and in other disorders 
characterized by excess reactive oxygen species. 
Native SOD has a short circulating half-life 
and limited oral bioavailability, and clinical 
formulations generally rely on strategies such 
as PEGylation or encapsulation to extend 
activity in vivo; fungal and yeast-derived SOD 
remain primarily at the investigational and 
topical/veterinary application stage rather 
than�as�a�𿿿rst-line� systemic�drug� (Betmatoug�
et al., 2011).

Fibrinolytic enzymes derived from 
Aspergillus ochraceus� degrade� 𿿿brin,� the�
structural protein of blood clots, and are 
studied as thrombolytic agents for thrombotic 
disorders such as deep vein thrombosis and 
related clotting conditions. They belong to 
the same functional class as more established 
microbial� 𿿿brinolytics� such� as� nattokinase,�
and their development follows a similar logic: 
a microbially produced protease that mimics 
or complements the body’s endogenous 
𿿿brinolytic� system� (plasmin)� but� can� be�
manufactured at scale through fermentation 
(Kotach et al., 2017). As with several entries in 
this� section,� most� fungal� 𿿿brinolytic� enzyme�
work remains at the preclinical or early 
investigational stage, with dosing, delivery 
route,� and� bleeding-risk� pro𿿿les� still� under�
study.

CONCLUSION 
Fungal-derived enzymes now span nearly 

every stage of the therapeutic spectrum, 
from an established chemotherapy adjunct 
(L-asparaginase) and an approved emergency 
treatment for hyperuricemia (rasburicase) 
to widely used over-the-counter digestive 
aids,� investigational� anti-inÁammatory� and�
thrombolytic candidates, and alternative 
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manufacturing platforms for enzyme 
replacement therapy. Their appeal is grounded 
in two practical advantages: extracellular 
secretion,� which� simpli𿿿es� and� cheapens�
puri𿿿cation,� and� biochemical� robustness�
across pH and mild-condition environments, 
which suits oral and systemic administration. 
The clearest opportunities for future work 
lie in reducing immunogenicity through 
protein engineering, improving formulation 
stability for oral and injectable products, and 
expanding heterologous fungal expression 
platforms to lower the manufacturing cost of 
enzymes currently produced in mammalian 
or plant systems. As fermentation and protein 
engineering techniques continue to mature, 
fungal enzymes are likely to expand from 
their current niches into a broader share of the 
therapeutic enzyme market.
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