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Enzymes

Enzymes and other proteins are part of everyday life

Examples of enzymes and other commercial proteins

Wastewater treatment
+ Environmentally-friendly treatment

Bio-based chemicals
+ Reduce use of petroleum-

Cosmetics and personal care
« Enhance quality/properties of

Pulp & paper
+ Used for bleaching, refining, de-inking
and the removal of adhesives

of organic and toxic waste based products toiletry products
Enzyme market size $50mm+! + Reduce pollution and improve + Increase the

Biopharmaceuticals
4 Used to fight diseases such as
rheumatoid arthritis and diabetes

Enzyme market size $800mm+! JR§

Food and beverage

<+ Improves flavor/quality

+ Facilitates digestion, improves
nutritional value and reduces
potential allergic reactions

Enzyme marketsize $1bn

Detergents
+ Enhance detergents’ characteristics
such as cleaning ability, color fading |
prevention and performance at
gentler washing

Active ingred
$550mm

+ Used in the production of fabrics
for clothing, furniture and other
household items

herbal products,
o less fed for cleaning @ :moommdnmuw

d market size
Enzyme marketsize $750mm Enzyme marketsize $350mm $20bn

< Dietary supplements,

ingredients in cosmetics
Reduce usage of chemicalload

market size

Source: Freedonia Group, Frost & Sulivan, Verenium press releases, equity research, company estimates
Note: Market size numbers represent latest available current global estimates, unless otherwise indicated
1 US market size only; 2 Total market for bio-based chemicals; 3 Projected 2022 celdosic biofuels enzyme market

Enh. A
2 Amminad

as strength, bulk or softness
+ Reduce usage of water, energy

Enzyme marketsize $50mm’

Biofuels

+ Reduce use of petroleum-
based products

+ Large existing food-based ethanol
market
Developing cellulosicbiofuel market

positioned for rapid growth
Food-based marketsize $600mm
Cellulosic market size $5bn®

Animal health & nutrition
@ Improve the digestibility of
dietary components

Enzyme market size $600mm
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http://www.presentermedia.com/mspp.html

*Enzymes L

-The term  enzyme " was first coined bv. 7
Kuhne in 1877 meaning * in yeast o\
- Buchner referred fo the glycolytic enzyme ™

complex as “ zymase, " meaning “ the \0
enzyme of yeast itself. ”

- Enzymes became valuable in manufacturing
because of their rapid and efficient action at
low concenfrations under mild pH values and
temperatures, their high degree of substrate
specificity (which reduced side - product
formation), their low toxicity, and t eos? of

S

Ftnaymes

]—} Some microbial strains produced
{1 concentrations of exfracellular enzyme
1l Wild strains of Bacillus licheniformis produe
\ I 5g/lof protease and commercial strain N

(}f made 20 g/I. (,? P,
¥ . High - yielding strains of Aspergillus produced 7
A 20 g/l of glucoamylase.
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:gReasons for using microbial cells as ;C

j}sources of enzymes }r‘:

- T enzyme fermentations were quite economical on 0“:

, em large scale due to short fermentation cycles and \ _

T inexpensive media ‘

I \

' screening procedures were simple and |
¢ Item 2 thousands of cultures could be examined in a

reasonably short time;

A r

‘ = I

ﬂl g different species produced somewhat different

. 2 enzymes catalyzing the same reaction, allowing

I one fl exibility with respect to operating

.‘ condifions in the reactor

Enzymes |

-Inthe 1980s and 1990s, microbial enzymes
were increasingly used for applications whicg—
traditionally employed plant and animal \ “T
enzymes T

- These shifts included the partial replacement
of: '

- amylases of malted barley and wheat in the
beer, baking, and textile industries by amylases from BociIlu'
and Aspergillus ; 1

- plant and animal proteases by Aspergillus projegie for chilt ﬂ‘
proofi ng beer and tenderizing meat; e ‘ '\'
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Enzymes

Important industrial enzymes included the following:

T

f:".l - glucose isomerase for

I 1 production of high - fructose

}.—} corn sirup;

1! - penicillin acylase for production
\} of semi - synthetic penicillins;

‘,l' - peroxidase for manufacture of
X phenolic resins (which could

replace synthetic phenol -
formoldgh{yde§); and

e SHC

Glucose isomerase

- Glucose isomerase was used in conjunction
with a - amylase and glucoamylase to
convert starch to mixtures of glucose and
fructose known as “ high fructose corn syrup.

- " The development of glucose isomerase
permifted the corn wet milling industry to
capture 30% of the sweetener business from
the sugar industry in the 1970s.

- In the United States alone, high fructose corn
syrup is produced at 30 billion pounds per
year CH,OH

Glucose
Isomerase

Mole wt=180 C,H,.0, Mole wt=180 C,H,0,
75% as sweet as Sucrose 150% as sweet as Sucrose
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industrial enzyme market
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@ Technical enzymes B Food and beverage enzymes [ Others

Recombinant

- Over 50% of the market is provided by
recombinant processes

- Sixty per cent of the calf rennin (chymosin)
used for cheese making in the United States is
supplied by recombinant E. coli and the two
lipases used industrially (i.e., Humicola lipase
oroduced in Aspergillus and Pseudomonas
ipase) are both recombinant

- Plant phytase (produced in recombinant A.
niger ) is used as a feed for 50% of all pigs in

Holland. A 1000 - fold increase in phytase

production was achieved in A. by use of




Recombinant

» Scientists at Novo Nordisk have isolated a very
desirable lipase for use in detergents from @
species of Humicola .

» For production purposes, the gene was
cloned into A. oryzae where it produced 1000
- fold more enzyme

* Over 60% of the enzymes used in the

detergent, food, and starch processing

industries are recombinant products

i i
F 2
L | 1
. .
N N
‘\\' \\’
\1 ‘v
}“ Selamat belajar ,‘
Ir r\
r\ r\
i 1
| 1
| |
7 i
|| 1
i1 11

2/27/2014



