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QUARTERLY HIGHLIGHTS

TASK I

1. The compositlon and properties of the cellulase enzyme complex from

Trichoderma reesel stralns presently available are similar regardless of the

strain or growth substrates although higher levels of enzyme are , secreted by

the enhanced cellulase mutants.

2. Endo- and exo-glucanases are secreted simultaneously during the fermenta-
tion with exo-glucanase accounting for approximately 68% of the total -

protein.

3.  All Trichoderma cellulase preparations have specific enzyme activities of
about 0.6 filter-paper'cellulase units per mg of protein and show saccharifi-

cation efficiencies of 15-26% in 16 hour hydrolyeis of 15% substrate.

TASK II

1. Poplar shavings were compression mill pretreated most effectively at an
initial moisture content of 12%. With only 15 passes through the rolls of
our 10" x 20" mill, this feedstock at 12% initial moisture content was ten
times more susceptible to T. reesei cellulase than the untreated control.

A 4-fold reduction in the number of passes compared to airrdry shavings.was-

noted.

2. Further reduction in the number of passes have been achieved by increas-

ing the pressure on the feedstock passing between the mill rolls. A 4-high
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metals cold rolling mill was used on newspaper with good hydrolysis

results obtained in six passes or'les.s.-.":~ Energy consumptlion was approxi-

Tt
R

mately 0.21 kwh/1b.

TASK ITT
1. The specific growth rate of Aspergillus phoenicis QM329 is 0.4 hr™?
at 35° and pH 4.5. ' ‘ '

TASK IV

T. Shake flask hydrolysis runs using NEP200 and HMNP with glass beads
can be successfully scaled up in an attritor mill. Power costs will

" determine the féasibiiity‘af usihé such a process.

2. The MCG77 strain of Trichoderma reesei produced more sugar on NEP200
than both QM9414 and C30 at three different enzyme strengths, with and

without glass beads.

3. Unshaken flasks using C30 enzyme and NEP200 produce nearly. as much
sugar as shaken flasks. Thus a reduction in.power cost for agitation can

be realized.

2
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INTRODUCTION

On 26 February 1976, the U. 5. Army R&D'Laﬁofatories signed an Inter-
ageﬁcy Agreement with the U, S. Departmenf of Engrgy fformerly u. S..Ehergy
Research and'Development Administration) fo provide the necessary personnel,
faclilities, services, métérials and documentation to conduct basié and |
applied research in the conversion oflcellulosé to giuéose sugar by means
of enzymatic hydrolysis includiné:

a. Continuation and expansion of mutaﬁts' work té develop fungus strains

that produce more cellulase or otherwise enhance the cotiversion pro-
'cess to include development of a rapid plate assay to enhance
capability to écreen cultures, '

b. Investigate and'optimiée all variables that control enzyme prqdpction
including nutrients, temperature;-pressure,_acidity, cellulose slurry
concentration, fungus growth, dissolved oxygen, antifoam concentra-
tion, biochemistry and'kinetics of the process, etc.

c. Investigate and study cellulase preparations from other active cellu-
lolytic organisms including thermophiles; adsorption and desorption
of cellulase on cellulose; ofganisms to degrade or.convert lignin
wastes, and the syrups produced ffom various cellulose substrates;
investigate the use of Biocides, if necessary.

d. Investigéte and optimize the conditions for operation of hydrolysis
reactors to include conceﬁtration and feed rate of cellulose slurry,
enzyme concentration, pretreatment of.cellulose substrates, glucose
syrup concentration, temperature, acidify, residence time, recovery

of enzymes, fungi, glucose process control, etc.
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e, Economic studies of_the‘pfocess considering cellulosic waste
preparation, sugar production £ates? recovery-and/or waste of
enzymes, recovery, concentration and ﬁurification of sugars,
sqlidé anﬁ other by—pfoducﬁs. Studies of economic scale of
6perations; |

'f.r Study of }he utilization of glucose syrups, solid residue
(lignin) and fungUs grown during enzyme production particulafly
for direct ;r indirect conversion to énergy forms,

Major areas'of'wdrk emphasized during the past reporting period were

i- Applieé Reséarch'and‘PrOCESS bevelopﬁént. |

IT Substrate and-éuﬂstraté Pretreatment

ITT Enzyme Produgtioﬁ (Prepilot Scale)

IV Saccharification (Prepilot Scale)

The objective of this progress report is to discuss what has been

accomplished during this past QUarter and what is being plamned for nexk

quarter,

Included also are the financial expenditures incurred during this

performance period.
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TASK T APPLIED RESEARCH AND PROCESS DEVELOPMENT
OBJECTIVES

The ébjectives of the Enzyme Tééhnélogy program are to carry‘out
léboratory reseérch on cellulase production and saccharificationrof waste
gellulose by cellulaseAthat will lay the foundation and define the para-
meters for a practical process. Our apbfoach isAfo (a) investigate the
physiological, biocﬁemical and égnetic factors iﬁvolved'in induction,
synthesis, and secretion of the enzymé; (b)-utilize this information to
maximize cellulase yields and reduce.the costs of enzyme production; {(c)
to stﬁdy the interactions of the cellulase enzymes with their.substrates
inpluding the effects of levels—éf'the various.enzyme components, effects
of inhibitors including the products of the reaction,'and the effects pf
cellulose structure, degree of crystallinity; and admixture with impurities
such as lignin on the rate and extent of the hydrolysis reaction; and (d)
to utilize this information to‘maximize sugarAyields and re@uce éhe cost

of the saccharification process.

' ACCOMPLISHMENTS

Effects of Strain and Substrate on Composition, Properties, and
Saccharification Potential of Trichoderma reesel Cellulase (Reference 1)

Much recent effort at Natick and élsewhere has been directed to reduction
of the high cost of Trichoderma cellulase by improvements in fermentation con-
ditions and by development of new mutant strains. Studies reported last

quarter (Reference 2) show that all presently available strains are induced
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for cellulase by cellulose, lactose, and sophorose, and all arerrepressed

by glucose. Cellulase yields of the mutants as'compare& to the wild strain
are enhanced about 6 fold on 6% lactose, about 20 fold on 6% bali nilled
cellulose, and about 3 fold on'6% roli milled cotton (Table 1)}. ‘Despite

this variation in yields, the SpelelC activities of the cellulases remained
fairly constant, 0 43-0.46 cellulase unlts per mg of protein when grown on
lactose and 0.6-0, Z cellulase units per mg of protein when grown on cellulose
(Table 2). Furthermore, analysis of the cellulases by HPLC (Reference 3)
showed only slight variations in protein profiles either for the different
‘streins grown under identical conditions (Figure 1) or a 51ngle strain grown
on different substrates (Figure 2) In all cases exo-8~glucanase components
accounted for 56—72/ and endo—B glucanase components for 28 44/ of the total
protein {(Table 3). Protein profiles did change as the culture aged (Figure 3).
In the example shown (Figure 3) at all tlmes about 68% of the total protein

. was exOmB glucanase, but with time the portlon of this in the fast moving
peak (zone 2) 1ncreased-at the expense of the slow mov1ng peak (zone 4.

. Enzymes produced by the dlfferent mutants were evaluated for saccharifi-
cation potential at different activity levels using ball milled cellulose
(BW200), ball milled newspaper (NEPZOO), microcrystalline cellulose (Avicel)

“and absorbent cotton (Table 4, Figure 4. With low levels of enzyme activity
(0.5 FPU/ml) and short reaction times (four hours) enzymes from all the mutants
gave approxxmately the same amountvof sugar from BW200, NEPZOO, or AVlcel
At longer ‘times or higher activity levels the MCG77 enzyme was more effective
than the QM9414 enzyme or the C30 euzymeu In 24-hour hydrolyses on BW200,
Avicel, and cotton QM9§i4 enzyme gave more sugar than the C30 enzyme. On NEP200

C30 enzyme produced more sugar at all activity levels than QM9414 enzyme, and

6
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at low levels produced slightly more than MCG77 enzyme.

The effect of time on the extent of hydrolysis was also eyaluated.
It was found that with BW200, NEP200, and Avicel all enzymes gave twice -
~as much sugar:at 24 hours as at %4 hours. With cotton thereAWas a 3~fold
increase during this same time period. An additional 24 hours resulted in
a 30-50% increase with Avicel and cotton, bgt only a 10% increase with
BW200 and NEPZOO; During saccharification the'predqmingnt éuga; is glucose.
Table 5 lists the sugars found in digests by QM941l4 enzyme at 24 houré.for-
the four‘substrateé. Similar patterns weré obtained by enzymes from othér
mutants. Enzyme gptilization efficiency (percent‘bf predicted saccharifica-
tion baseﬁ on enzyme units) on 157 substrate at 16 hours was approximateiy

15% for Avieel, 24% for BW200, and 26% for NEP200 for all enzyme- preparations

(Table 6).

PLANS, NEXT QUARTER

Work will continue on induction studies, optimization of enzyme produc-

tion in batch culture on newspaper and in continuous culture on pure cellulose,

on enzyme stabilization, and on enzyme substrate intevactions.

REFERENCES

1. Bissett, F. H.j; Andreotti, R. E.j; and Mande}s? M., 1980. Effects of
Strain and Substrate on Composition, Properties, and Saccharification

Potential of Trichoderma reesei. Cellulase., Proceedings Second

International Symposium on Bleoconversion and Biochemical Engineering.

New Delhi, India. Maxch 1980.
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on Bioconversion and Biochemical Engineering. New Delhi, India.

March 1980.

Bissett, F. H., 1979. Analysis of Cellulase Proteins by High-Performance

Liquid Chromatography. J. Chromat . 178: 515-523.
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Table 1. Effeect of Strain and Substrate on CeTTuTase Production

: : 6% Soluble Protein Filter Paper Activity Productivity
Strain Substrate - mg/ml _ u/ml u/1 hr
QMaa FB Cotton 7.4 . 5.0 5

BW204 0.8 0.6 7.8
QM9414  FB Cotton 13.0 8.4 25
Bi200 8.7 5.0 30
MCG77 FB Cotton 16.2 10.7 32
© o BW209 9.6 7.4 45
Rut C30  FB Cotton 20.6 13.6 41
‘ 17.8 11.9 75

BI200

BW200 = Ball milled pulp -200 mesh ‘ x .
FB Cotton = Absorbent cotton processed for one minute (10 mil gap) on Farrel

© .. Birmingham 2 roll mill (13)
Cultures grown in fermentors at 280C with pH controlled not to go below 3.0
Enzyme units = micromoles glucose produced per minute in standard assay (s

(Bissett et al. 1980)




Tabie 2. Effect of Strain and Substrate on Specific Activity

Specific Activity-Reducing Sugar u/mg

Specific Fluidity

BWZ00

6%

- Strain | Substrate . CMC FP Avicel BW200 . AF/dt mg
QMéa FB Cotton | 12.6 0.7 0.47  0.63 21
QM9414 | FB Cotton | 7.8 0.7 0.46 0.56 34,5

Buzoo | 11 0.6 0.44 0.61 31.2
McG77 | FB Cotton | 6.5 0.7 0.4 0.65 27.3
8200 15 0.9 0.4 0.58 - 33
Lactose 9.7 0.46 0.3 0.46 22.8 .
€30 F8 Cotton 7.9~ 0.74 0.45 0.5 24
11 0.64 0.45 0.52 31.2

BW200 = Ball milled pulp -200 mesh
‘FB Cotton = Absorbent cotton processe

Cultures grown in
Enzyme units = micromo

Birmingham 2 rol1 mi11. (19)

fermentors at 28°

10
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Table 3. Percentage of Exo and Endo-~1,0-B-Glucanase in T. reesei Strains

Growth % % % Total %
Strain Substrate Endo  Exo A% Exe B*_ - Exo

Qua  Cottn - 3 T6 5066

QMo414  Cotton 3% 175 49 66.5 .
| BW200 37 17 46 63
MCG77  Cotton 38 12 49 61
© . BWZ00 37 20 43 63
Lactose 44 10 46 - 56
€30 Cotton 28 13 59 72

‘BW200 31 i9 50 69

* wExo A = Zone 2 (fig 1) Exo 8 = Zone 4

(Bissett et al. 1980j

11
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Table 4. Sugar Produced at Different Enzyme Levels

Enzyme

Reducing Sugar mg/ml

% Conversion

30

Substrate | FPU/ml | 9414 - MCG77 €30 | 9414  MCG77 €30
15% BH200 0.5 | 3 3 33 18 18 17
| 1.0 55 52 42 29 27 22
2.0 68 73 56 | 36 39

4.0 - 9% 70 " 52 37

15% Avicel 0.5 27 2 21 14 13 1
1.0 33 36 28 17 19 15

2.0 40 47 37 | 21 25 19

4.0 - 60 45 32 24
15% NEP200 0.5 30 32 35 |  25* 26% 27%
1.0 38 48 44 30 38 35

2.0 48 63 - 54 38 50 43

4.0 - 78 41 63 49

6% Cotton | 05 | 65 9.5 4 | T 6.5 7
1.0 8.5 11 5 15 19 9

2.0 10 13 6.5| 17 23 11

4.0 | - 165 8 29 14

Hydrolysis conditions:

- A1l enzymes grown on 6% BW200

pH 4.8, 509C, 24 hrs.

K % conversion of NEP200 - based on_?C,SZ cellulose as approximate?y' _
30% of NEP200 is not celiulose

(Bissett et al. 1980)
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Table 5. Saccharification of Cellulose by QM3414

: L .-
Substrate. | Xylose Glucese Uy -y Us Cellobiose Gentiobiose | Trimer Total Hydrolysis
15% BUW200 3.3 70.2 0.8 | 1.5 13.3 4.0 - 1.0 | 9.0 - 51
15% Avicet 0.6 33.6 0.6 5.7 3.0 0.9 | 44, 23
15% NEP200 5.9 | 64.8 0.6 5.7 0.5 67.5 54
5% Cotton 1.6 1.8 | 13.4 73 -

'Hydroiysis conditionss pH 4.8, 509, 24 hr,

Cellulase activity = 0,027 FPU/mg substrate

Sugar concentrations are. in mglmﬁ-as.detérmined by L.C.

Q3ISSVIONN
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Table 6. Enzyme Utilization Efficiéncy

Substrate F§§7%T % Eﬁéyme Uti?ization
| 9414 MCGTT €30
15% BW200 05 | 21 2 19
1.0 25 - 25 12
2.0 - zs', 27 22
4.0 ' 27 - 21
_____ Ave | 24 25 2
15% Avicel 0.5 17 16 12
| | e | 15 18 -1
2.0 13 7 12
4.0 | 1613
Ave 15 17 12
~ 15% NEP200 0.5 |23 26 28
1.0 23 2 27
2.0 27 33 30
4.0 - .- -
pve | 2 30 28

. {Bissett et al. 1980)

“ UNCLASSIFIED




~ Zone1 Zone2  Zone3 Zone 4

Rutgers C30
6% FB Cotion

=
' =
2
_ N
3
=
=
(@ o]
g ,
_ « aM9414
et 6% FB Cotten
I ,
0.5
OM6a |

6% FB Cottan

MINUTES

Figure 1. HPLC protein profiles of Trichoderma reesei strains.,

Solvent: 20 mM NaH,P0,-3mM NaN;, pH 6.2,
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TASK 1L SUBSTRATE_AND SUBSTRATE PRETREATMENT

OBJECTIVES

To evaluate the effectiveness of various pretreatment processes oa the
susceptibility of waste cellulosic substrates to enzymatic hydrolysis by
T. reesei cellulase. The?ultimatevgoal_is to develop an inespensive
pretreatment process for incorporation into the U.S. Arey'Natick R&D
Laboratories process for the enzymatic conversion of cellulosic wastes to
glucose. In addition, ongoing effort is directed toward the evaluation of

waste cellulosic substrates in order to discover as many as possible which

are amenable to. tliis process.

ACCOMPLISHMENTS

A. Poplar Initial Moisture Content and Compression Hilling Efficienoz

Moisture contents of poplar shav1ngs samples were adjusted to a range
of 6% to 40% followed by compression (two roll) milllng for 15 passes at a
10 mil roll clearance.. Pretreatment effectlveness was evaluated by neasur-
ing the enzymatic hydrolysis susceptlbllity of these samples.

The results (Figure 1) indicate that the compression milling is most
efficient when the poplar shavings are fed to the mill at approsiﬁately
12% moisture. A sharp decline in eilling effectiveness is noted when the
feedstock moisture content is above ot below theroptimum,value.

Previous‘eata (Quarterly Report Nos. 13 and 15) have shown there exist
optimum meisture contents Witﬁ respect to compression milliqg.of.corn stover,

newspaper, urban waste and eastern spruce and in each instance the optimum

19
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was unique. With the addition of this poplar data, we have shown that
optimum moisture contents exist for at least one répresentative from the

three primary lignocellulosic classes; _i.e.,_hardwoodsJ softwoods and

agricultural residues.

i

B. High Pressure Roll Milling'

'Development of a cost effective continuous compressioe mill pretreat-
ment process depends in-large parq.on minimizinglthe nuﬁber.of feedstock'
passes between the rolls. PreviousAsﬁudies (Quarterly Report No. )
showed that as the roll clearance was decreased to an equipment limited
10 mils, (enloaded),~roll milling efficiency improved. The effect of
increasing the compressive force on the feedstock by narrosiné-the roll
clearance to iess than 10 mils wes examined in an effort to further reduce
the number of passes required for effeetive.pretreatment. | |

A 4-high metals cold rolling mill as represented in Figure 2 was used.
Since we do not have equ1pment of this type, englneering trials were
conducted using the Farrel mill 1ocated at the General Elecprlc Corporate
R&D Center in Schenectady, NY.. This equiﬁment:has two even speed, vertically
stacked wotrking rolls (6 5% dia. x 15') supported By two 21' dia. x 15" back-
up rolls. Working roll speeds were variable up to 160 feet/min. To process
cellulosie materlals, the mlll was modlfied by addlng ‘a ram feeder, collec—
tion bin, and knife scrapers on both working rolls. A recording ammeter
and digital voltmeter were'conneeted:ts'each working roll-D.C. motor to
measure energy inpet dering compression millingr

Excelient reselts wereroﬁtained with a pure cellulose. Enzymatic

hydrolysis susceptibility of air dry absorbent cotton increased linearly -

200
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with the number of passes up to the three passes tested where an 8-fold "’
1mprovement was observed over the untreated control (Figure 3).
When newspaper (alr dry) was processed through the mill, the: number
d¢f passes required to achieve improved susceptibility decreased as the
roll clearance'was reduced (Figure 4). 'With only sik'passes at a 0 mil
roll clearance enzymatic hydrolysis reducing sugerrproduction was increased
from 14 mg/ml to.24 mg/ml More than 60 passes on our equipment set at an
unloaded 10 mil roll clearance would be required to achieve similar results.
Since the G E. owned equipment. was avallable for only two runs,
: mrnlnal data could be collected on the effects of feedstock moisture content
on high pressure roll m1lling effectlveness. However, from theone experi-

ment performed, the results were very encouraging (Figure 4), At a roll

elearance of 0 mils, newspaper with approximately 24/ ‘Initial molsture
content was in three passesslightly more susceptible to enzymatic hydrolysis
than the air dry newspaper treated for six passes at the same roll clearance.
A test was .conducted. to determine the effects of roll speed on the
pretreatment of air dry newspaper (Table 1). At a fixed roll clearance of
0 mils, there was no apparent difference in enzymatic hydrolysis reducing
sugar production over a range of roll speeds from 30 feet/min. to 110 feet/min.
These results are promising from a capital cost standpoint since higher roll
speeds represent greater throughput of material for a given equipment size.
Energy input was the lowest obtained to date of any compression mill tested
(Tablev2) while the number of passes required was reduced to six or less.
In the best case, a combination of proper moisture content (24%) and high
pressure (0 mil roll gap) resulted in a SOZVreduction in energy input as com-

pared to alr dry newspaper at 10 mils. Differences in equipment idling

21
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characteristics account for some-of this energy reduction. That is, the

G.E. mill idles more efficiently than ougr rubber mills.since the former

has roller.bearings and direct drive, .

It is also significant that even-at roll speeds of 110 feet/min., the
G.E. mill energy consumption was only 0,20 kwh/1b. for the moist pewépaper

processed for three passes. -

. PLANS, NEXT QUARTER

1. Examiné the eféécfs ofnroll speed fatio on the mofét compression
milliﬁg of . newspaper,. | | A ‘

2, Initiate studies éa.reco§éf heﬁ;ceilulose suga?s and/or‘ligniﬁ'
prior to compression miiliﬁg.- .
3. 'Begin engiﬁéering‘trials onAa modified prodﬁétionltwo roll mill
(22“ # 60") to detefmine‘proceésing capacities, energy inﬁé£, and othef

parameters. FEwven speed roils set as close togéthér aé possible will be

used.

22
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Tasie 1. EFFECT OF COMPRESSION MILL'-ROLL SPEED

CN NEWSPAPER ENZYMATIC HYDROLY8182

. 24 HR. REDUCING SUGARS
NO. OF PASSES ROLL SPEEDS (FPM) | .. - (me/mML)

1 - 30 17.0
70 - 13.0
| 110 13,8
3 30 175
AV 22,3
110 22,0
160 29.0

6 30 24.2
| 70 25.2

110 3 - 25.0

1
FARREL 4~HIGH

§ = 0 MILS

METALS ROLLING MILL, 6%" x 15" WORK ROLLS,

1.
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Table 2. Effect of Mill Type on Compression Milling Efficiency in the Pretreatment of

Newspaper
Roll Roll " Enz. Hydrolysis®

" . Newspaper Moisture Clearance No. of Speeds 24 Hr. Reducing Specific Energy

Mill Type Content (%) (mils)  Passes (£.p.m.) Sugars (mg/ml) Input (kwh/1b.)
Farrel Rubber _ - .
Mill (10" x 20™) 6 10 .. 60 53/48 24.0 0.40

24 10 15 53/48 25.0 0.27

Farrel Metals _ _
Cold Rolling 6 0 .6 130/30 24.0 0.21
Mill (6.5" x 15") 24 o 3 110/110 24.8 0.20

IT. reesei (QM9414) cellulase, 19 IU/gm substrate,

5% slurries,

pH 4.8, 50°C.
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Figure 1.

10 20 30 40
* INTIAL MOISTURE CONTENT (%)

Effect of Poplar Initial Moisture Content on Compression Milling

Pretreatment Effectiveness. Reliable two roll mill (6" x 13"},

15 passes, & = 10 mils. Hydrolysis Conditions: 3% slurries, 19
FPU/gm substrate, pH 4.8, 50°C.
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Figure 3.

1 2 3 4 5
NUMBER OF PASSES |

Relationship of Passes Through High Pressure Rolls and the Enzymatic

Hydrolysis Susceptibility of Absorbent Cotton. Compression mill:

. Farrel 4~high metals cold rolling mill (6.5" x 15"), § = 0 mils,

Vy =V; = 30 £.p.m. Hydrolysis Conditions;: same as Figure 1.
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Figure 4.

1 2 3 4 5 6 7 § 9
. NO. OF PASSES

. . . I m
Effect of Compression Mill Roll Passes at Various Roll Clearances on Newspaper
Enzymatic Hydrolysis Susceptibility. (), (A), (Q): Farrel 4~high metals e

© cold rolling mill (6.5" x 15™), Vi =V, = 30 f.p.m., a2ir dry newspaper; (&):

same as (A) except newspaper at 24% initial moisture content; (G ): Farrel two
roll mill (10" x 207), Vy = 48 f.p.m., V; = 53 f.p.m., air dry newspaper.

Hydrolysis Conditions: same as Figure 1. Py
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TASK ITI ENZYME PRODUCTLON (PREPILOT SCALE)
- OBJECTIVES --

The principal obgectlve of thls task remains as the production of
'consistently high quality cell free cellulase Wlth the development of

a suiteble technology for a commercial process as our ultimate goal.

ACCOMPLISHMENTS

It has been recognized thatZSUpplementation‘of Trichoderma cellulase

with B-glucosidase enhances - saccharification of cellulose, -To accomplish

this, development of a’ séparate fermentation using Aspergillus phoenicis
for the production of B-glucosidase loeks pfbmising.

‘During'this'querter groﬁth experlments were performed“with,Aspergillus
phoenicis QH§29 both in-shake flasks and the. 30 liter fermenter. 1In the
.shake flask experiments, six 3007ml shake fleeks, 100 ml working volume
buffered with .05 M citrate were each inoculated with 10 ml of 15 to 20
hour old suspended mycelia from a 2.8 liter Fernbach flask. Each flask
was ‘harvested and both dry welght and glucose levels were determined. The
range of temperatures and pH examined were 250 - 45°C and 2.5 - 4 5 respec-
tively. pH, in the range examined, had little effect on growth, whereas the
optimum temperature was around 35°C, Mycelial pellet formation greatly
affected growth, however the use of dimpled shake flasks minimized pellet
- formation., In shake flask cultures pellet formation was more évident at
40°C and 45°C than at the lower temperatures. Pellet formation was unavoid—

able in the 30 liter fermenter except when citrate (.05 M) was added in lieu

of pH control (l.N NaOH) .
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The media for all experiments has the followimg:'_(NH)ZSOI\L - 2,1 g/1,
KH,PO, - 2.0 g/1, MgS0, * 7,0 = 0.3 g/1, CaGl, - 0.3 g/1, glucose 10.0 g/1.
Exceﬁt wheré noted the medié contained O,S_M'citric écid; iﬁé ;eéults of
‘the experiment are shown in the following table, The data indiéate éhét
maximum.growéh 0;4ihf;;1.occuf§;ét ébéut 3500; remaining rélatiQel& constant
between pﬁ-é to 4:5. A : . |

The groﬁth.?atengor.fhe férﬁbach cditﬁrés-wéré consiéténfiy lower ,A
than for the shake flaék. Since the Fernbach cultures were older (15 to
20 héurs) oxfgén may be limiting its gfcﬁtﬁ. iAlso significant is the Tow
growth rates in the'30lliter vessel where cifrate was absent. Pellet
formatioq'in these fermentations is proﬁably responéible for'ghe low
growth.. When citrate was present in the 30 liter media, the expected
specific growth rate of 0.4 hr.”! was achievédE"

At 35° the biomass yields from carﬁoﬁ and nitrogen were 0.54 and 9.5
g/g. At 40° the yields were 0,49 and 11.1. g/g. These-yiéld'values.wefé

obtained at pH 4.5.

- PLANS, NEXT QUARTER

Work will continue with A. phoenicis to develop fed batch and continuous

fermentations for B-glucosidase production.

30

| 'UNCLASSlslﬁn' o




Specific Growth Rate of -Aspergillius phoenicis QM329 on 1% Glucose

Temperature °c _ pH

2,5 | 3.0 4,0 4.5 4,5 4,52 4,5°

25 0.20 0.21 0.26 | 0.26 0.20

30 0.37 0.36 0.36 | 0.36

35 | o0.38 0.38 0.39 0.31 0.15- |  0.40
| 0.28

40 0.36 0.37. 0.33 0.37 0.31

45 B | 0.20

1., 2.8 liter Fernbach
2; 30 liter fermenter without citrate

3, 30 liter fermenter with citrate

31

UNCLASSIEIED




TASK 1V SACCHARIFICATION (PREPILOT SCALE)
OBJECTIVES .

The process by which ceiluloéic Sucstrates are enzymatically hydrolyzed
ig affected by many factors. These include the type and condition of the
substrate, its conceﬁtraticn, the activity-of the eﬁzyme used, the reaction
pH temperature, and the reaction time. The cptimum for each of these_musc
be defined economically - that is, the effect of varlatlons in each reactilon
parameter on the cost of the process. -

Utilization of cﬁemical process equ1pment presents different problems
in terms of reaction control, maintenance, auxiliary equipment, apparatus.
Economic analysis for large~scale operation can only be accurately-made
from data gathered from pilot-scale equipment. Consequently,'all process

'changes must be proven effective at the prepilot level.

ACCOMPLISHMENTS

puring the past quarter a series of runs were made using an attritor
mill as a hydrolysis vessel. This was an attempt tc scale up the shake’
flask experiments thac used glase beads in the slurfy (Quartefly ﬁeport No. 15
dated 12 January 1980). Runs were made using both ball milled newspapet
(NEP200) and ﬁammer milied newspaber (HMNP) with various glass beecs to A
slurry ratios. Table 1 shows a 5 and 24 hour comparison between'shake flask
and attritor mill runs. For NEPZOO.slightiy more sugar is produced botﬁ
in 5 and 24 hours in the atcritor mill than in sheke flasks except for the

7:3.5 slurry to bead ratio for 24 hours. This data shows that it is possible
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to scale up from shakg flasks to production type equipment when using
glass beads. The attritor mill prdduces about 10% less sugar in 5 hours
than shake flasks not utilizing glass beads produce in 24 hours. It takes
betweenll;OS and 2,85 kilowaﬁt hours (kwh) of electrical energy fo rﬁn
the attritor mili for 5 hours with thé lowest power consumption for the
7:1.75 slurry to bead raﬁio, It takes an additiénél 3.05 to‘4.85 kwh to
_rﬁn.fbr 24 hours and an additional 44 to 64% moré.éugar.is produced.
Prbcess economics will dictate whether it is feasibie fo ruﬁ as long'as
24 hours. | | |

The 5 and 24 hour ylelds for the HMNP were also higher in the attritor
‘mill thén they were fot the.shake flasks except_for ;O% HMNP at 24 hours.
It is believed that this was due to a severe pl exéﬁrsion to 8.8 sometime
after the 5 hour matk of the run. The 24 hour 15% HMNP shake flask test
without beads yielded 39.7 mg/ml of reducing sugars while with beadé the |
yield was 40.0 mg/ml. It is believed that the relatively high conceﬁt;ation
of HMNP prevented the beads from moving thereby reducing the mechanicai

_ action necessary to improve the yield.

Table 2 summarizes the results of shake flask experiments using tﬁree
enzyme strainé on 15% NEP200, both with and without beads., MCG77 produces more
sugar than‘bdth QMO414 and C30 at all three enzyme strengths, with and without
beads. The uée of beads improvéd sugér yields by as little as 15% for 3.0lIU/ml

~of C30 to as much as 54% when using 1.0 IU/ml for MCG77.

‘Table 3 summarizés the results of a 'set of 24 hour shake flask experiments
using €30 enzyme both with and without B-glucosidase in shaken and unshaken
. flasks. 1In all cases except one the shaken flasks producéd more sugar - than

the unshaken, but in many instances the results were nearly the same, In
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most cases the addition of B glucosidase improves the results for the un-
'shakeh flasks more than for the shaken flasks. The fact that the unshaken
flasks produced nearly as much sugar as the shaken flasks is not surprising
as recently reported (Reference 1) that unshaken flasks using 30 enzyme on
Avicel actually produced more sugar than the ‘shaken flasks. ThlS was

' especially true for long time perlods (70 hours). This ic attrihuted to
the less stable celloblohydrolase component of the enzyme _ This data shows
that ih production equipment all we necd is enough agitation to maintain :
tempetrature anc pH control.

In thc continuing effort to produce as.much sugar in as short a period
of time as poséible, a pilot scaie run using 25% NEPZOO and 7.5 IU/g unfiltered
¢30 eczyme (E/S = 30 IU/g) with 3.8 1U/g B—glcccsidase yielded 100 mg/ml of
fotal sugar in 17 hours, 124 mg/mi in 50 hours, 135 mg/ml in 75 hours and
138 mg/hl in 100 hours. The best run in terms of total sugar production used
30% NEP200 and 6.9 IU/g C30 with 3.6 1U/g B-glucosidase produced 105 mg/ml
of sugaf in 5 hours, 152 mg/ﬁl in 50 hours and 160 mg/ml in 100 hours. Com-

paring these runs the value of high substrate concentration can be seen for

producing high sugar yields.

PLANS, NEXT QUARTER

1. Additional hydrolysis runs in attritor mill will be performed.

2. Additional enzyme strains will be tested on NEP200 in shaken and

unshaken flasks.

3. Pilot scale runs using wet two roll milled newspaper and MCGZ7

enzyme will be performed. -
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4. Work will continue using unfiltered enzyme for pllot scale runs.

REFERENCES

1. Reese, E. T.; and Mandels, M. 1980, Stability of Cellulase of T. reesei,

Under Use Conditions. Bioteéch. Bioeng. Vol. XXII. 'p. 323-335.
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Table 1. Summary of Attritor Mill Hydrolysis Experiments using Different Bead to Slurry Ratios and a Comparison with
-8imilar Shake Flask Experiments.

SHAKE FLASK

ATTRITOR MTLL REDUCING SUGAR mg/ml

ENZYME SUBSTRATE REDUCING SUGARS SLURKY TO BEAD RATIO |
No Beads Beads 7:7 7:3.5 7:1.75 10:0

5 Hrs| 24 Hrs 5 Hrs| 24 Hrs 5 Hrs{ 24 Hrs | 5 Hrs{24 Hrs| 5 Hrs|24 Hrs 5 Hrs 24-Hrs:
2.0 IU/g €30 15?‘NEP200 32.2 | 49.7 40.8 | 66.4 5.8 | 67.5 44,5\ 64,1 41.3 | 68.0 32.1 1 54.5
1.15 IU/g B-glucosidase e (2.85)} (6.25) | (1.60)] (6.45)-] (3.07)| (4.10) | (1.08)] (4.59)

Beads

. , Added .
2.0 IU/g C30 . 25.6 | 39.7 40.0 DNR | DNR 38.7 | 41.1 18.2 { 36.0 28.9 | 47.2
1.15 IU/g B-glucosidase| 1% HMNP (2.61)] (6.8) @ | (5.6) 1 (2.2)] (12.2).
2.0 1U/g C30 107 ° 24,0 40.2 DNR | DNR 26.4 | 28.3 DNR | DNR ~DNR | DNR
1.15 IU/g B-glucosidase - B (2.09)] (7.37)
1.0 1U/g €30 . _ 5?' 12.3 19.3 PNR | DNR 15.6 | 23.7 | DNR | DNR DNR | DNR
0.57 IU/g B~glucosidase ¢ HMNE - (1.33)} (5.40)

DNR - Did not run

Figures in parentheses represent kilowagt hours used
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Table 2. Comparison'of Sugar Yields from QM9414, MCG77 and C30 on 15%
NEP200 with and without Beads at 400 RPM. .

. YIELD (mg/ml)  PERGENT
ENZYME , No Beads Beads : IMPROVEMENT
1.0 IU/ml C30 33.0 42.5 28%
1.0 TU/ml QM9414 . 31.6 . 47.8 - 51%
1.0 IU/ml MCG77 33.5 51.6 ‘ - 54%
2,0 TU/ml C30 . 42,9 60.1 407
2.0 IU/ml QM9414 44.8 59.6 _ 33%
2.0 IU/ml MCG77 49.0 64,7 32%
3.0 TU/ml €30 49.8 69.1 ; 15%
3.0 TU/ml QM9414 | 52.6 69.1 31%
3.0 IU/ml MCG77 54.9 76,9 ' 40%
37
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Table 3. Sugar Yields from Experiments using NEP200 and HMNP Run in Shaken

and Unshaken Flasks for 24 Hours at pH 4.8.

UNCLASSIFIED

SUBSTRATE AND ENZYME - STRENGTH (IU/g) SUGAR - CONCENTRATION (mg/ml)
_ CONCENTRA'I_.‘ION ¢-30_ B-glucosidase Shaken Unshaken
15% NEP200 2.0 None 43.7 36.8 .
15% NEP200 2.0 1.1 45.6 44.3
15% NEP200 - 2.0 2.0 52.8 " 46.0
15% NEP200 2.0 3.0 55.2 53.9
5% NEP200 1.0 None 144 - 12.4
15% HMNP 2.0 None 28.7 27.3
15% HMNP 2.0 1.1 29.6 29,1
15% HMNP 2.0 2.0 34.5 29.6
15% HMNP 2.0 3.0 .38.6 38.9
5% HMNP 1.0 None 11.1 10.4
20% HMNE - 2.5 1.4 41.7 37.7
25% HMNP 3.0 1.7 50.2 49.0
'I'h[s document reports research undertaken at the
U-h-. "\fm_}' Matick Soldier Research, Development and
F.ng:m:ermg Center, Natick, MA, and has been
as 5_13,n¢d Mo, NATICK/TR- ina
series of reports approved for publication.
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