Copyright Warning & Restrictions

The copyright law of the United States (Title 17, United
States Code) governs the making of photocopies or other
reproductions of copyrighted material.

Under certain conditions specified in the law, libraries and
archives are authorized to furnish a photocopy or other
reproduction. One of these specified conditions is that the
photocopy or reproduction is not to be “used for any
purpose other than private study, scholarship, or research.”
If a, user makes a request for, or later uses, a photocopy or
reproduction for purposes in excess of “fair use” that user
may be liable for copyright infringement,

This institution reserves the right to refuse to accept a
copying order if, in its judgment, fulfillment of the order
would involve violation of copyright law.

Please Note: The author retains the copyright while the
New Jersey Institute of Technology reserves the right to
distribute this thesis or dissertation

Printing note: If you do not wish to print this page, then select
“Pages from: first page # to: last page #” on the print dialog screen



The Van Houten library has removed some of the
personal information and all signatures from the
approval page and biographical sketches of theses
and dissertations in order to protect the identity of
NJIT graduates and faculty.



4 STUDY ON THE
GROWTH AND ASPARAGINASE

PRODUCTION OF VIBRIO SUCCINOGENELS

IN A CHEHMOSTAT

by
Preston David Kreutheim
Theszis submitted tco the Faculty of the Zraduste School
of the New Jersey Institute of Technology in partial
Fulfillment of the regulirements for ‘cqe degree of
izasters of Sclence in Chemical Enzginsering
1



APPROVAL SHEET

Title of Thesis:

Name of Candidate:

Thesis and Abstract

Date Approved:

A STUDY ON THE GROWTH AND ASPARAGINASE
PRODUCTION OF VIBRIO SUCCINOCGENES IN
A CHEHOSTAT

Preston David Xrautheim
i of Science in Chemical Engineering,

M c
B O

Approved:

Dr. T. Greenstein
Azsociate Professor
Chemical Engineering




Name : Preston David Krgutheim
Dezree and date to be conferred: liaster of 3cience in
Chemicel mnzineering, 1970
Secondary education: Nutley Senior High School, June, 1970
institution attended Dates Degree Dete of

sgree

Essex County Colleze
Newari, ¥ew Jersey 07102 S/70-6/71 tran. /71
New Jersey Institute of
Technolozy
322 Eizh 3trest
Fewzrlk, New Jersey 07102 S/T1-5/T7i 3.2, 5/7k
New Jersey Institute of
Tschnologr
323 High Strest
Newarl, New Jersey 07102 S/75-5/79 .S, 5/79

s jor: Chemicel mnginesring

Minor: Bicengineering

Publiications: Hristol, D.3., F. Erautheim, S. Stenley and
R.C. Parker, "The Rezgcition of p-Nitro-
phenyl Acetate with Lysine and Lysine
Derivatives,” Ricorzanic Chemnistry,
VOe “43 1975, ©p. Z9c=30I.

Positicn held: unknown =t Tresent



ABSTRACT

Title of Thesis: L Study on the Growth and Aspareginase
Production of Vibrio succinogenes in
a Chemostat

Preston David Xrautheim, Master of Science in Chemical
Engineering, 197G

Thesis dirscted by: Dr. T. Greenstein, Associate FProfessor
of Chemical Engineering
4 continuous fermentation assesbly weas constructed
and studies on the growth of the orgenism, Vibrio

succinozenes, and its production of asparazinase was

conducted., Hesults were corvered with that already per-
formed on a batch system and showed that a continuous

fermentetion produced 31.83 I.U. enzyme/mi axmonium formate

compareld to 1l7.:1 I.U. enzyme/my aumonium formste Ifor vatch.
Trme o v o -y 33 et ~ rd e Y~ 4 Qv
Some of the runs performed Indicatec thzt the corganisnm
= -y -t > - - < oy —~ ey
was washing out or giving very low specific zrowih rates.
T wmeaan A L T A EE . £ A - - Lt mn e O
It was decided thset this was not dus to opsretiongl param

eters of the chemostat, but possible chemxicel contamination

in the mediuvm. With 211 Things consicderedc, a continuous



almost doubled when compared with that of batch

meking this form of fermentation a vigble alternative.



FOREWORD

The research, which has been performed and reported
in this thesis, deals with studies in Blochemical
Engineering. With the nation's food and energy shortages
an ever increasing problem, the growing need for extensive
research work in fermentation technology and technigues
will be needed in order for these problems to be solved.
Biochemiceal Engineering at New Jersey Institute of
Technology is still a new field and lacks vital eguipment
which is essential if extensive studies are to be conductede.

Because of this, the neea for expertise outside the

college, mostly in the area of microblology, had to

<t
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be sought. Ome such vperson was Dr. David Hallewl
of the Department of Zoology and Physiology, at Rutgers

University, Newarlk, W.J. I wish toc eXpress my GeeDpest

H

epprecistion to Dr. Xefkswitz for £11 his help, guidance

and support in the conduction and completion of this thezis.

Dr. Kafkewitz not only surrlied some of the chemicals and

vipment, but maintained the organism, Vibrio succinogenes,

for continuzgl work and performed all of tThe enzyme assay

o
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tests reportec in this thesils.

I also wish to thank my brother, Kenneth Krauthein,
for drawing all the graphs end plots contained within this
report. His expertise with engineering documentatlion and
the time he spent on the pgraphs is greatly apprecliated
Since it left me with time to write and arrange the
remainder of the thesis.

Last but not least, I would like to thank Dr., Teddy
Greenstein for his support, guidance and patience throughout
ny graduate studies. His devotion to my need for a new

project a2t 2 critical time, when a previous one had failed,

elped greatly in completing nmy requirements for the

ny

¥asters. The experience and training gained under the
guidence of Dr. Greenstein will never be forgotten and

ided in my csvelopment as an enginser.
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INTRODUCTION

Vibrio succinogenes is an unusual anaerobe which

vas orginally isolated from the bovine rumen (5). It
has been shown to produce large amounts of the enzyme
L-asparaginase (L-asparagine amidohydrolase, EC 3.5.1.1).
Since this enzyme has shown antileukemic activity, studies
on its production have been performed (3).

Experimental studies to maximize the production of

Vibrio succinogenes (y. succinogenes) has been undertaken

by Dr. David Kafkewitz and associates at Rutgers University,
Newark W.J. Thelr studies were done on a batch fermentation
system and provided the ground work for the continuous
studies to be discussed in this thesis. The ground work
of main concern, in these studies, was the composition
of the medium to be used. Also, during the batch fermentation
experiments, guestions were raised as to how the production
of the esnzyme, asparaginase would be affected by a continuous
fermentation and if an upper l1imit existed.

£ continuous fermentor was therefore set up at New
Jersey Institute of Technology (see Figure 1). Fermentations
with two types of mediums were done. One was a "Sodium

ledium", composed of the materials listed in Tables I and



IV. The other was an "Ammonium Kedium® which was composed
of the materials listed in Tables II, III, V and VI.

Each continuous fermentation took approximately
100 hours to complete. Samples were taken periodically
and processed for enzyme assay studies, performed at
Rutgers University by Dr. D. Kafkewitz. For complete
details of the methodology for preparing the fermentation,
running it, taking and processing samples and performing

the enzyme assays, refer to Appendix A.



THEORY: CONTINUOUS FERIERTATION

A continuous culture is a flow system in which
individual cells are suspended in a (nearly) constant
volume, at or near a stezdy state of growth established
by the continual removal of part of the culturs (6).

In practice, the study of cells were mainly performed
in batch cultures, in which a pearticular medium was
inoculated, with the organism and the system allowed to
grow. In batch systems, certain properties of the cell
such as size, composition and other functional characteristics
vary greatly during the growth of the organism. This
makes interpretations of the results difficult. The
introduction of continuous cultures; therefore, had ad~
vantazes over their predecessors, the batch culitures,

For one, the rates of zrowth and division are more

o

gsily

D

e
controlled and mzintained for long periods. Secondly, e

€t anc @mzintained incependently

n

cell concentraiion can be
of growth rate. Third, the cells can be growvn for longer
periods in a constznt chemical environment. Also, very
low levels of critical nubtrients, growth factors, rmtagens,

or tozix agents can be malntained during the growth of



the culture. Finally, the cell sizes and biochemical
composition are more easily selected and maintained with
a given strain since these cell characteristics depend
upon the rate of growth (6).

Controlling a continuous culture (chemostat culture)
is normally done by limiting a particular factor of
nutrient required for growth, such as the carbon source,
amino acid or an inorgeinc ion. In a chemostat, all of
the limiting nutrient is utilized by the culture with the
result that the cell concentration reaches a constant
value which 1s essentially proportional to the concentration
of the limiting nutrient (5).

4 continucus fermentor was first initiated in the
early 1020's when fodder yeast was produced by a continuous
process. Since that time, continuous cultures of micro-
organisms has been carried out by numerous workers. During
the latter helf of this century, growing Iinferest has
been focused on the continuous cultivaztion of microbes (1).

Tocay, it is difficult to determine the extent of

information is not available and mostly proprietary.
Dowever, what information is available does indicate how

wide spread the use of continuous cultures has on society.



Continuous fermentations are used in the production of

beer, sake, alcohol and acetic and lactic acids, of vitamins
(B12) and drugs (alkaloids) and of antibiotics (penicillin
end chlortetracycline). The continuous culture process

is also used for steroid conversion and the production

of vaceines (6).

There are four basic components which mostly all

chemostats consist of. They are as follows (6):

(1) A culture vessel or fermentor in which the
cells are grown isolated from contamination

by other organisms.

(2) A nutrient supply vessel which delivers sterile
medium of a desired composition via a metering

PUSID »

(3) A system for agitation of the culture, either
by the sparging of sterile air containing
oxygen for aerobic fermentations or inert gas
(such as nitrogen) for anserobic fermentations.
Agitation is also achieved by an impeller
system connected by a direct shaft arrangement
or magnetically coupled. Agitation can also
be achieved by a combination of both systenms.

(L) 4 system for the removal of the broth which

exits the fermsntor at the same rate at which
fresh medium enters. This system alsc allows

for the escape of effluent gases from the system.
One of the most important parameters for the tchemostat?!

is the dilution rate, defined as the fractional rats of

replacement of nutrient medium. The dilution rate, w,



can thersfore be expressed as:
w=W/Vy (1)

where W, is the rate of flow of medium (cc/hr) and V, is
the working volume of the culture broth (cc) (6).
The dilution rate determines the rate of cell division

n the fermentor for continuous cultures and the residence

[

time the cells remain in the culture vessel. Since the
dilution rate can also be thought of as the wash out rate,
a relationship can be derived so as to determine the rate
of decrease of the cells, which is given as:

AN _ -wi (2)
dat

Solving for N, the number of cells:

I = W, EXP {-wt ) (3}

s the initial number of cells in the volume Vg

5
@
3
I
ol
A5
o
o

befors the mediwn is added at flow rate ¥. To work with
¥, the number of cells or particles, 1s somewhat difficult;

therefore, one can relate this to the cell concentration,

¢ =W/7, ()



or

N= GVO (5)
Substitution of equation (5) into (2) gives:
d(Cvy) = -wV,G (6)

dt

Solving,

d(CV: ) — —wdt (7)

CVq

Since the volume V5, is independent of time, equation

(7) can be rewritten as:

Solving for C at any time © yilelds:
C = CoBAP(-wt) (G)

where Co, is the initial cell concentration before any

flow is initisted. Eguation (9) can be rewritten sas

follows, by talking the natural logarithm of both sides.
InC=InC. - wt (10)



"A plot; therefore, on semilog paper of C versus
time, t, can therefore be made for all runs of interest
to determine the growth characteristics for each medium
and determine whether any washing out of the organism
exists. The plot would consist of a theoretical wash out
plot versus the actual growth curve. The theoretical plot
is made by taking the initial cell concentration, C,,
known at the beginning of the run (first sample taken
after the pwap is turmed on) and the slope of the line
which is w, the dilution rate. Then the actual curve
is made by plotting the cell concentration at various
times throughout the run.

other paprameter of interest 1is lkmovn as the

5

|53

specific growth rate, n, defined as (1):

(11)

b
i
af
&
2

Q
ch

If 1 is constant, eguation (11) represents the exponential
growth, in a betch culture, where the growth is pronor-
tional to the mass of the cells present. Tae specific
growth rate can be relgted to the mass doubling time,

s

which is defined as that time which nmust trenspirs for

the cell mass to increase two-fold, by the following



equation (1):

t5= 0.693/n ;__ﬁ_g (12)

where td is the doubling time. Therefore, lmowing the
tg for the bateh culture, with no limiting nutrient, one
can find the p,,%x which would be the maximum specific
growth rate; hence, dilution rate is limiting for the
continuous fermentstion. In other words, to have a
valid chemostat run, one must operate it below p...,

determined from the batch system.



MATERTALS LIST

Basically there were two types of runs performed.
One, called a sodium run, consisted of sodium formate as
the limiting nutrient. The other called an ammoniux run,
consisted of ammonium formate as the limiting nutrient.
For the concentrations, weights and composition of each
medium for each run, refer to Appendix A for listingse.

The complete listing of all chemicals used in the

mediums is as follows:

(A) Arymonium Chloride, certified ACS, Mol. Wt.
53.19 gm/gm mole, purchased from Fisher
Scientific Company, Lot No. 751617, Cat.
No. A-661.

(B) Armonium Formate, certified, Mol. Wt. 63.06
gm/gm mole, purchased from Fisher 3cientific
- - . -~ Lol
Gompany, Lot No. 780108, Cat. No. A-066.

(C) rumaric Acid (purified), Mol. Wi. 116.07
ogm/gm mole, purchased from Fisher Scientific
Company, Lot Ho. 770071, Cat. No. A-120.

(D) L(+ )-Cysteine Hydrochloride, Reagent Grade
Lionohydrate, Hol. Wh. 175.0l. zm/gm mole,
purchased from Fisher Scientific Company,
Lot No. 77L077, Cat. No. C-562.

Sodium Chloride, Mol. Wt. 58.50 gm/gm mole,
normal table salt of suitable grade.

i

10



11

Sodium Formate, Mol. Wt. 68.01 zm/gm mole,
suitable grade.

Sodium Hydroxide, iol. Wt. 1L0.00 gm/zm mole,
pellets, reagent grade

Yeast Extract, "Difco" certified, purchased
from Difco Laboratories, Control No. 63900L,

Cat. No. 0127-01.



EQUIPMENT LIST

The continuous fermentation runs involved the use
of a variety of eguipment. The following is a list of

this equipment.

(4) Autoclave- New Brumswick Scientific
Autoclave, Model No. 5711lL.

(B) Centrifuge- Angle Centrifuge Ivca
Sorvall, Inc., 7500 rpnm
max. with veariable controller.

(C) Collector- 1000 cc¢ flask with 711
stopper (2 holes).

(D) Fermentor- 500 ce flask modified
(see fig. 2) with #7
stopper with inlet ports.

(E) Flow Meter- #1-Matheson Flow leter.
model i 620 bbw)603.
#2-unkmnown make-standard
type as above.

(F) Medium Vessel- 6000 cc flask with #10
stoprer (3 holes).

(3) Peristaitic Pump- Manostat Cassette pump,
3erizl No. 120 with cassette
on slow pumr rate connection.

(§) PH Heter- Corning lodel 6104 expand,
portable pH meter with
Fisher Zlectrode Standard
Combination pH 0-1h,
-5 to 110°C.

12



(I) Spectrovhotometer-

(J) Temperature Controller-

(K) Tubing-

13

Bausch %4 Lomb Spectronic
20 spectrophotometer,
wavelength 550 nm.

Yellow Springs Instrument
Co., Inc., Model 63RC,
Thermistemp temperature
contreller with standard
thermocouple (shielded).

s#tygon tubing S-50-HL 3/16
in. I.D. used for
veristalic pump.

#gsilicon rubber 3/16 in.
I.D. used for peristalic
PLND .

xlatex tubing 3/16 in.
I.D. used for all lines
connecting equipment.



MATINTENANCE OF ORGANISHM

Vibrio succinogenes has been maintained at the Rutgers

University laboratory for a number of years. The organism
is listed by the American Type Culture Collection as

ATCC 29513 and by the Anaerobe Laboratory of the Virginia
Polytechnic Institute and State University, Blacksburg, as
VPI no. 1065G9. The organism is transferred from culture
tube to culture periodically to maintein its viability.
For further details on this procedure and the composition

of the growth medium, refer to Appendix A.



PRCPARATION OF THE !M=DIUHN

All continuous fermentation runs were performed in
& 5.5 liter medium volume. The following procedurs was
used:

£A11 necessary chemicals were weighed and the amounts
recorded (for the amounts used for each run, see Tables
I-VI). Their mixing were done in three phases., First,
1.0 liter of distilled water was measured out and poured
into a 3.0 liter beaker. To this, the yeast extract was
added in order to facilitate mixing. Secondly, 2.5 liters
of distilled water was added to another beaker. Then
the Sodium or Ammonium Formate, L(+)-Cysteine Hydrochloride
end 3odium Chloride or Ammonium Chloride (when used) was
added and mixed thoroughly. To this mixture, the yeast

sxtract mixture was added and mixed. Then the Pumaric

)

d¢ and Sodium Hydroxide were added to the now 3.5

f.J s

c

¥,
¥

|=F

fo

ter mixture and the pi measured. Adjustment was made

lop
e

adding 1 normal Sodium Hydroxide solution until a pH

T«5 was obtained. The third phase was to adjust the

o
i

volume of the mixture to 5.5 liters by adding distilled

water. The finished mixture was voured into a 6 liter

15



flask, sealed with brown paper and then sterilized.
For @ more detailed description of the procedure, refer

to Appendix A.



ATPARATUS STZRILIZATION AND ASSEMBLY

As with all biological work, sterilization of the
equipment being used is essentlal if aseptic conditions
are to be maintained.

The continuous fermentation assembly, shown in Figure
1, was sterilized in two phases. The first phase, included
sterilization of the fermentor, collecting vessel, and
associated piping and tubing. The second phase, involved
sterilization of the fermentation medium in i1ts appropriate
vessel. Sterilization of the temperature probe was also
required. It involved immersion of the probe in 707
alcohol for one hour then rinsing with sterile distilled
water before insertion into the fermentor. For further

deteils see Appendix A.

17



PROCEDUREL USED FOR A TYPICAL F=RYMENTATION RUN

After sterilization and assembly of the apparatus,
the following procedure was used for a typical run. First,
the medium, from the supply vessel, was pumped into the
fermentor (approx. 235 cc). Next, with the temperature
probe already in the fermentor, the heating lamp was turned
on and the controller seft so as to maintain a temperature
of 37°C in the fermentor. The nitrogen supply, to the
fermentor, was turned on and sterile nitrogen sparged into
the medium. When all systems were set, the organism,

Vibrio succinogenes, was inoculated into the medium. The

system was then left for a period of 16-20 hours to allow
therorganism to grow under batch conditionse.
After the agppropriate time had elapsed, the peristvaltic

pump was turned on and set at the desired flow rate (30-50
cc/hr). This then began the process of collecting samples.
It involved collectinz a suitable volume of broth (75-125
cc), recording its volume and the time talren. The pH, of
the broth, and its optical density (absorbance), was then
taken. The broth was centrifuged, the effluent discarded,

resuspension of the cells with 0.857% Sodium Chloride

18



solution and centrifuged again discarding effluent. The
sample was then labled and stored in the freezer until
needed for analysis, Samples of broth were taken period-
ically throughout the entire length of the fermentabtion
(approx. 75-100 hours). At the end of this time, the system

was shut down, the apparatus cleaned and prevared for
another run, if planned. For further details of this

procedure and of the sampling procedure, refer to Appendix

A.



ROUTINE ASSAY FOR ENZVHE (L-ASPARAGINASE)

Once the samples were processed, as described
previously, the amount of enzyme vproduced for that
sample had to be debermined. An assay of the sample
was therefore performed so that the specific activity
(International Units (I.U.) of enzyme per milligram protein)
could be determined. The procedure used was as follows.
(see Appendix A for further details of the procedure) .

The cell pellets, obtained from each sample, were
susvended in 0.1 If H3BOj buffer (adjusted to pH 8.5 by
NaQH) znd sonicated to obtain a cell-free extract. Cell
debris was removed by centrifugation for 30 min. at 24,000
X g at b9C. The extracts were assayed immediately for

L-asvaraginase activity. The assays were conducted at

[ ad

37°C. Liberated smmonies, by the hydrolysis of L-aspvaraginase,
was determined with Nessler reagent. Protein determination
was by the Biuret method using bovine serum albumin
(fraction V) as the standard. Specific Activities were
reported as International units of enzyme per milligram

protein. An International unit is defined as that amount

20
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of enzyme which catalyzes the formation of 1 micromole
of ammonia per minute under the conditions of the assay.

The assay was sensitive to 0.01 I.U. of enzyme activity.



DISCUSSION OF PLOTS

Calibration Curves

The two calibration vlots made, for the pump,
showed a linear relationship between the pump setting
and the flow. The maximum flow obtainable using either
of the two types of tubing was approximately 1l.0-150
ce/hr. The tygon tubing was found to be adeguate in
the beginning of the experiment, but as time progressed
it was fouﬁd that tygon didn't hold up to either the
sterilization procedure or the pump itself. Even by
replacing the tubing for each run, problems still
existed. It was decided; therefore, to switch to silicon
rubber tubing. Although only two runs using this tubing
were performed, previous test with it, orior to exper-
imentation, proved it to have better withstandinz properties
than tygon. Silicon rubber can be reveatedly sterilized
and used in the pump without it breaking dovn. It is
therefore recommended to use silicon rubber tubing in
all subseguent runs usiny the equipment as 1t stands now.

The other calibration plot made was that of cell

k8]
™



23

concentration versus optical density readings. Since
optical density is known to be directly related to the
cell concentration, the best straight line, for the points,

by ILeast Squares Analysis, was drawn. Upon vlotting,

it was found that an optical density reading of 1.0
corresponds to a cell concentration of 0.69 mg dry weight
cells/cc broth. This was for the Spectronic 20 spectro-
photometer, wavelength 550 nm, used throughout all the

runs (i-F). The other calibration curve represents that
relationship between optical density and cell concentration
for the Gilford lModel 2LL0 spectrophotometer, wavelength

550 nm. It shows that an optical density of 1.0 corresponds
to a cell concentration of 0.L mz dry weight cells/cc broth.

Since the dats for:this plot was only one polnt, from

e

Reference 3, it was assumed that for an onticel density of
0.0, zero cell concentration was present. A straeight

line was then drawn, connecting these two polints and

the vlot obtained. This plot was used to coavert the

data from the batch culture ruan to compareble units used

in the continuous runs. All these plots are in Appendix

De



Optical Density versus Fermentation Time

Presented in Appendix F arethe plots of optical
density versus fermentation time. These plots are a
graphical representation showing the effect time has

on the growth of the organism (Vibrio succinogenes) at

the particular dilution rates noted. By definition,
a chemostat 1s operated at a dilution rate which 1s below
Dmaxs, determined from the batch culture. It was determined
from the batch system (3) that the doubling time (generation
time) was about 75 minutes. Therefore, solving for bp,x,
from equation (12), one finds that the maximum dilution
rate (myax) for the chemostat is 0.55 hr-L.

If one looks at the plot for run A, the following
can be noted. First of all, it was operated at two
different dilution rates below Pmaxe This run informs
one that operating the chemostat at a dilution rate of
0.2 hr~! will result in steady state (no change in optical
density) being reachec sooner. This was therefore the
besis for subsequent runs having for their dilution rates
a value of approximately 0.2 nr-t,

The plot of run B shows that the optical density

remained at a fairly constant value throughout the run.
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From the results of run A, one dilution raete was chosen
at a value of avproximately 0.2 nr-l Unfortunately, the
samples obtained for this run were rulned so no enzyme
assays were obtaingble. A similar run, using the same
medium was performed later on, labeled as run C.

The plot on run G shows that the optical density
remained at a constant value throughout the run. This
run was compared with the batch system performed (3).

It can be noted that the optical density in the batch
run reached a value of about 1.0; whereby, the continuous
run was below this value. BSince there was an excess of
ammonium formate in the batch run (100 mil) and the
continuous run had an ammonium formate concentration of
75 m}, it shows that ammonium formate was the limiting
nutrient.

The plot of run D showed somewhat opposite results
than that of run A. Using the dilution rate, which run
A showed to zive steady state readinzs, a dilution rate
of 0.2 hr~% showed an indication of = washing out of the
organism. Decreasing this rate to 0.085 hr~1 had the
organism regrowing. This is somewhat unexplainable, but
could be due to a chemical ©ffect of either the organism

or the medium. Due to this erractic behavior of the
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sodium medium, 1t was decided to discontinue these runs
and concentrate on the smmonium medium. These growth

plots are shown in runs ¥ and F.

The plots of runs E and F, however, agaln show results
which are unexplainable at this time. The optical
density in both cases was decreasing with time. These
plots are interesting in the fact that their mediums were
similar to run C and their dilution rates were similar.
A question as to why the organisms optical density

decreased is still unanswerable.
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Wash Out Plots

4 wash out plot of each run was made and compared
with its theoretical wash out plot (Appendix G). With
these plots, an indication as to whether the organism
was washing out or not could be determined. For the
plot of run A, one can see that initially the organism
seemed to be washing out, but gquickly recovered and
steadily increased.

The wash out plots for run B and C shows what a
good chemostat run should look like, In determining the
specific growth rate, one knows that the slope of the
actval plot minus the slope of the theoretical wash out
plot (dilution pate) will give the specific growth rate
(1). Runs B and C had a specific growth rate equal to
approximately their dilution rates, which is the desired
growth rate.

The plot of run D is explainsble only in the fact
thet & definite decrease occurred with 2 dilution reate
of 0.2 nr~l., With a lower dilution rate, the growth
rate increaseds Explanations for this are still
unlmovwn .

The wash out plot of run E shows two effects. The
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one plot, which had a dilution rate of 0.20L hr_l,

showed a definite washing out of the organism since the
actuel plot paralleled the theoretical one. For the other
plot, dilution rate 0.196 hr~l, the specific growth

rate was 0.053 hr~1 initially then changed to 0,15l hr=1
for the durstion of the run.

The v»lot of run F had only one dilution rate equal
to 0,21k hr-l. 1Its specific growth rate was 0.19 hr_l
then changed to 0.15l hr-i.

Both of these plots (& and F) did show that some
growth of the organism was occurring, but at a very low

growth rate related to its dilution rate, the desired

growth rate.



Comparison Plot

In order to determine whether more enzyme was
produced through a batch fermentation or a continuous
fermentation, a comparison plot was made which plotted
international units of enzyme per cc broth versus
fermentation time. One cen see from the plot that,
over the same time span, the continuous run oroduced
nore enzyme than the batch. This result is only an
estimate of what 1is actually haeppening. 3ince the
batch run had a higher concentration of armonium formate
than the continuous run, some sort of normalization of
the two runs had to be done. First of all, the time factor
had to be eliminated as well as differences in con-
centration ofA the ammonium formete. Table XXIV shows
this comparison.

As shown, the continuous run produced almost double

the amount produced by the batch fermentation.



OVERALL DISCUSSION

Studies on the batch fermentation of Vibrio

succinogenes and its production of asparaginase were

verforued by Dr. D, Kafkewitz and assoclates at Rutgers
University, Newark, N.J. Their studles showed that the
maximun production of asparaginase, by using excess
armoniuvm forméte in their medium, yielded l?.h@ I.U.
enzyme per millimole avmonium formate. In order to
determine the yield of asparaginase, by a chemostat, a
continuous fermentation assembly was constructed at New
Jersey Institute of Technology, Newark, N.J. The medium
used in the fermentation was similar to that used in the
bateh fermentation. Results showed that a production of
enzyme of 31.83 I.U. enzyme per millimole ammonium formate
was obtazined. This is about double the production rate
of beteh indicabing that if one is interested in producing
the most amount of enzyme one should use a continuous
fermentation.

This, however, is only a preliminary study on this
fermentation. No economic study for either case was

cdetermined. This would include such items as cost of

30
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the eguipment and the turn around time for batch

overations versus continuous. If one were to do this,

it would be based on one year of operation of the two

plants., The difference between the two yields does open

up this other avenue of producing the enzyme (continuous

fermentation) and makes it one to be considered strongly.
The negative side of this argument, is that

experienced when runs E and F were performed. Only

slight differences in their mediums were made, but the

fermentation runs just did not produce the organism as

it did in run E anc C. No logical explanation on their

results can be drawn and only sheer speculation on what

caused such results can be made, These include a2 chemical

imbelance in the mediums unrelated to the proper pH,

which was tested in each case and fouvnd to be within linits

(7e3-7+45)« This imbalance could be due to unseen

contamination which only inhibited the growth of the

rganism, but aidn't curtesil it completely. Investigations

into this possibility would probably be z waste of needed

experimentation time and only the following is recommended:

purchase new and fresh chemicals, namely the ammonium

formate and fumaric acid.



The sodium formate medium, runs A and D, gave
results worth reporting, but only proved, as in
Reference (3), that sodium formate does not give as

good a production of the enzyme as ammonium formate.

Ll
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CONCLU3ION

Based on the present data correlated, it has been
decided that a continuous fermentation of the organism,

Vibrio succinogenes, produced a greater yileld of the

enzyme, asparaginase, than did its counterpart, the
batch fermentation. This was based on the data obtained
from run C which was a duplicate of run B, whose samples
were ruined. Further studies on the economics of the
two processes must be performed and compared if one is
to make a viable study of the processes for later production
of the enzyme.

It has been decided, that the peculiar readings of
runs & and F were due mainly to a possible chemical
contamination within the medium which could have inhibitead

the growth of Vibrio succinogenes and not the operational

paranmeters of the chemostat itself. The chemlical con-
taminaetion is only speculation and further investigation
on this will just prove to be superfluous and not worth
the time and expense. Further studies done on this

orzanism would regulire the purchasing of new chemnicals

for the medium; namely, ammonium formate and fumaric acid.

33
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The higher production rate, of the enzy:e, in the
continuous fermentation compared to the batch fermentation,
opens up some interesting avenues to be followed for
actual production of the enzyme, asparaginase. The
vield of the continuous fermentation, being almost
double that of batch fermentation, makes this process

a viable alternative.



RECOMNMENDATIONS FOR IMPROVEMENTS OF BQUIPMENT

Throughout the course of the fermentation studies,

various malfunctions and problems with the existing

equipment ocecurred. Ixamining the apparatus, one can

find and list various improvements which can be

incorporated into the assembly. No cost for these improve-

ments will be given since 1t wlll depend on when they are

made and from which dealer one will purchase the neces-

sary equipment. A 1list of improvements is given below.

1)

3)

An improved peristaltic pump in which the
flow rates could be controlled and maintained
throughout the run.

An inmroved temperature controller and method
for heating the fermentation broth to the
desired temperature. The new temperature
controller should use an electric relay
switch instead of the mechanical one presently
used. This mechanical relay has the dis-
advantage of melfunctioning in high hunidivy
conditions.

For the present system, the use of silicon
rubber tubing for the pump is recommendced
since the tygon tubing broke down during
sterilization and continuous pumping. IZven
periodic replacement could not always be
counted on to insure trouble free operation.

The installation of a temperature controller

on the autoclave. The present system has
none and requires constant monitoring of the

35
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temperature of the autoclave and constvant
adjustment in its controls. A temperature
controller would allow the experimenter to
perform other duties while the apparatus
is being sterilized.



FUTURE WORK RLCOLIENIDED

The following recormendations are a list of sug-
gestions for future work on a continuous fermentation

using the organism, Vibrio succinogenes, and its production

of the enzyme asparaginase. PFuture work is listed as

follows:

1) An economic study on the continuous fermentation
compared to batch operations. This would
involve computer simulations of the two
processes based on operating conditions used

in this work.

2} Fith the purchase of a new peristaltic pump,
the varistion of the dilution rate and its
relationship on the production of asparaginase

investigated.
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OPERATING MANUAL

Maintenance of Organism

Vibrio succinogenes is a rumen anaerobe that obtains

its energy by coupling the oxidation of either hydrogen
or formate to the reduction of either fumarate or nitrate
(). The organism was isolated by Wolin et. al. (3) and
has been maintained at Rutgers University by Dr. D.

Kafkewitz for =z number of years. Vibrio succinogenes was

obtained from k.J. Wolin at the University of Illinois

and has been kept viable as described by Wolins' paper
(1961). This culture, unlike others obtained, which are
nornally in a freeze -~dried state and must be rejuvenated,
was received in a suitable culture medium developed by
wWolin. The composition of this medium followse.

When performing biological work, involving micro-
orgsnisms, these organisms must be grown in a medium which
meets certain reguirements in order to insure proper
growth., It must maintain the organism over & period of
time before it must be transferred to another vessel or
culture tube, containing fresh medium. This transfer was

done by dipping a sterile wire loop into the tube
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containing the organism, in its medium, awaiting transfer.
Sterilization of the wire loop was done either by sticking
it in a flame until red hot, then cooled by touching it

on the inside of the culture tube, or by inserting it

in an electric heating element and performing the same
steps as before.

The medium consisted of (NH@)2SO@’ O.13%; KEHPOh,
0.5%; fumaric acid, 0.3%; sodium formate, 0.3:5; yeast
extract (Difco), 0.1%; MgClggéﬁgo, 0.02%; and FeSOu,
0.001%. The pH was set at 7.0 to 7.2. Sterile, auto-
claved sodium thioglycolate (Difco) was added aseptically
before inoculation to a final concentration of 0.05%
and provided sufficient anaerobiosis for routine transfers.
This medium was placed in culture tubes and kept frozen

until ready for use.

The organism, Vibrio succinogenes, once inoculated

into each tube, was incubated for 2l hours at 37°C then
stored in a refrigerator at L°C until ready for use. OCne
thing to note, however, 1s that freezing of the organism
will result in its death. The organism was Transferred
to fresh medium every 7-10 days so as to maintain its

1gbility for future experimentation.

<
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weights of Haterials for Runs

The tables, on the following pages, are a listing
of the chemical composition for the mediums used in

each run (4 to F).



Medium For Run A:

Chemical

Sodium Formsate
Fumeric Acid
Yeast Extract

L{#)-Cysteine
Hydrochloride

Sodium Chloride

Sodium Hydroxide

Amount

(zrams)

28,111
70.245
I .005

24757
8.033

lily.08

(Basis: 5.5 Liters medium, pH T7.5)

Composition

0.0752 M
O.11 M

8.gm/liter

0.5 gm/liter
0.025 U

2 equivalents NaOH/
mole Fumaric Acid
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TABLE II
Medium For Run B: (Basis: 5.5 Litersmedium, pH 7.5)
Chemical Amount Composition

(grams)

Ammonium Formate 26.027 0.075 M
Fumaric Acid 70.253 0.1l H
Yeast Extract li.o1 8. gm/liter
LB#)-Cysteine
Eydrochloride 2.765 0.5 gm/liter
Ammonium Chloride 7359 0.025 U
Sodium Hydroxide Ilh .098 2 equivalents NaOH/

mole Fumaric Acid



Medium For Run GC:

Chemical

Ammoniumn Formate
Fumaric Acid
Yeast Extract

L#)~Cysteine
Hydrochloride

Ammonium Chloride

Sodium Hydroxide

(Basis: 5.5 Liters medium, pH T.5)

Amount
(grams)

26,00
70.288

s 03

26 TTL
T+359
il .03

Composition

0.0751 ¥
0.11 M

8. gm/liter

0.5 gm/liter
0.025

2 equivalents NaOH/
mole Fumaric Acid
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TABLE IV

¥ediuwn For Run D: (Basis: 5.5 Litersmedium, pH 7.5)

Chemicsl Amount Composition
(grams)
Sodium Formate 28.131 0.0752 ¥
Fumaric Acid 70,2116 0.11
Yeast Extract Lh 167 8.03 gm/liter
L&) -Cysteine
Eydrochloride 2.762 0.5 gm/liter
Sodium Chloride 8.037 0.025 I
Sodium Hydroxide o071 2 equivalents NaOH/

mole Fumaric Acid
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Hedium For Run E:

Chemical

Ammmonium Formate
Pumaric Acid
Yeast Extract

L@#-Cysteine
Hydrochloride

Sodium Hydroxide

L6

(Basis: 5.5 Litersmedium, pH T.5)

Amount
(grams)

3Lh.693
76 .62l
Ll .011

2.759
1,8.036

Composition
0.10 JiA
0.12 M

8. gm/liter

2 equivalents NalH/
mole Fumaric Acid



Yedium For Run F:

Chemical

Ammonium Formate
FPumaric Acid
Yeast Extract

L{#)-Cysteine
Bydrochloride

Sodium Hydroxide

TABLE VI

L7

(Basis: 5.5 Litersmedium, pHE 7.5)

Amount
(zrams

3 )
3L.68
38.283

Idr. 008

2.757
26.111

Composition
0.10 J
0.06 WM

8. gm/liter

0.5 gm/liter

2 equivalents NaOH/
mole PFumaric Acid
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Preparation of Medium

Throughout 211 the continuous fermentation runs,

a 5.5 litersmedium volume was used. In order to save

time for the runs, preparations to make the medium was

done prior to the fermentation. This involved weighing

the necessary chemicals and storing them In separate

containers. The procedure used was as follows.

(1)

(5)

(6)

(7)

(8)

The necessary chemicals, used for the run, were
weighed out. (For the exact amounts used in
each run see Tables I-VI)

Fach chemical was stored in an individual
container and labeled.

One (1) liter of distilled water was measured
and poured into a 3 liter besker.

To this beaker, the yeast extract was added.
This was done in order to aid in the dissolving
of the yveast extract. It was mixed thoroughly.

Distilled water, 2.5 liters, was added to
another beaker which had a volume of at
least Il liters.

To this, the sodium formate or ammonium formate
was added and mixed.

Next, the L{#-cysteine hydrochloride and
sodium chloride or ammonium chloride, depending
upon the run was added to the mixture, in step
{5) and mixed thorouzhly.

The yeast extract mixture was added to the
mixture above. It was mixed until a uniform
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color resulted. (Note: the resulting color
was a golden yellow)

The next step, of the procedure, was to add the
sodium fumarate (fumaric acid) to the mixture. Sodium
fumarste comes as the free acid, fumaric acid and will not
dissolve in the distilled water. Therefore, in order to
facilitate this, it was neutralized with sodium hydroxide.
The fumaric acid is a dicarboxylic acid and requires two
equivalents of sodium hydroxide per mole of fumarate.
Depending upon the amount of fumaric acid used in sach run
determine the amount of sodium hydroxide used. The next

step in the procedure was as follows.

(9) The mixture, in step (8), which now had a
volume of 3.5 liters, had the fumaric acid and
sodium hydroxide added and mixed until it
was completely dissolved.

(10) The pH of the mixture was taken. On most runs
the pH was found to be lL.5-5.5.

(11) The pZ of the mixture was adjusted by adding
sodium hydroxide solution (1 normal) until
a pH of 7.5 was reached. It normzlly reguired
approximately 200-300 cc of sodium hydroxide
to meet the desired pd. Care was taken when
adding the NaOH when reaching pH's above 7.0
since & possibility of an overshoot could
have resulted.

(L2) After the desired pH had been achieved, the
volume of the mixture was adjusted to 5.5 liters.
This was done by remeasuring the existing volume
while pouring it into the 6 liter flask, which
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served as the medium storage vessel. Adjustment
was made by adding distilled water. The amount
added depended upon the amount of NaOH added

to the 3.5 liter mixture.

(13) When the final volume had been adjusted to 5.5
liters, the medium was mixed thoroughly. This
was ailded by pouring some of the mixture out
into a beaker, mixing the remaining medium in
the flask, then pouring all of it back into
the 6 liter flask.

(1y) Prior to sterilization of the medium, the flask
was sealed with brown paper. Care was taken so
as to tape the brown paper to the opening of the
flask securely since during sterilization
pressure built up inside the flask and without
a tight seal, the paper could have popped off.

This, therefore, concludes the procedure for preparing

the fermentation medium. The next step involved will

be to sterilize it. This procedure is covered in the

next section.
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Appaeratus Sterilization and Assembly

WWhen one performs any type of bioclogical work
which requires asceptic conditions, the sterilization
of 2ll glassware, chemicals and assoclated equipment,
which will come into contact with the microorganism,
must be performed. This procedure must be capable of
elther destroying or reducing the population of any
organism which could prove harmful to the microorganism
under study. One such procedure, used in this experiment,
was to sterilize the equipment and chemicals with steam
under pressure. The use of an NBS (New Brunswick Scientific)
Autoclave, Model No. 571lll, was used. The unit consisted
of g control switch which was used to set the desired
temperature so that one had a checlk on the temperature
and pressure of intereste. For complete details on its
operation, refer to the operations manual on the unit.

The conditions used for sterilization were 121°C, 15
psig, which are standard conditions recorded in all stand-
grd Biochemical Engineering texits. The sterilization of the
continuous fermentation assembly, shown in Figure 1, was
done in two (2) phases. On the day the fermentation run
was to be started, a procedure was developed which made

effective use of the time which was inherent of the run.
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The procedure was as follows.

(1)

(3)

(L)

(5)

The epparatus was assembled in three (3)

sections (see Figure 2), Section one was

the fermentor with the exit line. The second
section was the piping and air filters leading
from the medium storage vessel to the fermentor.
The third section was the collecting vessel which
collected the samples during the run.

Each of these sections was wrapped in brown paper
and sealed by taping the ends. This step was
done carefully so that it resulted in a

tightly wrapped packeage which wouldn't allow

any contamination from reaching the apparatus
during transfer from autoclave to the assembly
sight.

Next, in a flask, avpproximately 150-200 cc of
distilled water was added and the top of the

flask wreapped with brown paper. This water,

which was sterilized, was used to complete the
sterilization procedure used on the temperature
probe. Its procedure for sterilization is covered
later on in this section.

A1l the glassware and tubing, described above,

was placed in the autoclave. The proper level

of distilled weter covering the heating colls
at the bottom of the autoclave was checked
beforehand. This level had to be at least 3
inches above the colls.

The top of the autoclave was closed and the
wing nuts tightened. They were tightened in
pairs, each pair opposite one another so that
a uniform seal was insured. The relief valve,
for controlling the pressure, was opened fully.
The unit was plugged in anc the control switch
turned to the high position. The terperature
was allowed to reach 100°C. At this time, the
relief valve was closed. The temperature then
rose to 121°C, 15 psig which was the desired
level for proper sterilization. This entire

process required approximately LS minutes.



(7)

(11)

(12)

(13)
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During the initial warm up time, in the
autoclave, the preparation of the mediunm

was mede. Refer to the section Preparation
of Medium for details. :

When the desired temperature hed been reached,
the control switch was switched to medium.

This step required the experimentor to remain
within the area of the autoclave to insure that
the temperature did not drop below 121°C. If it
began falling the control switch was switched
back to its high position until the temperature
was again reached.

The eguipment was left within the autoclave to
sterilize at this temperature for 20 minutes.

At the end of this time, the switch was turned
off and the temperature allowed to drop 3-5 degrees.

When this was achieved, the pressure in the
autoclave was vented by opening the relief valve
located on the top of the unit. This was done
slowly, otherwise the flask of water in the
autoclave would have boiled. Also, it was
checked that steam was exiting the valve opening
at a constant rate. If pressure was not released
and the autoclave was allowed to cool, the unit
may have imploded. This was prevented by not
loading the autoclave up to the topr thus blocking
the valve opening.

When the temperature had fallen to 90°C and the
pressure read 0. osig, the auvtoclave was opened

and the contents removed. They were placed on
a sultable table or box to insure noncontamination.

The already prepared medium was then placed
into the autoclave and the top closed. All
necessary checlks were done as before. The
temperature control switch was set at the
high position.

When it reached 100°C, the relief valve was
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closed. The temperature, inside the autoclave,
was then allowed to reach 121°C, 15 psig at

which time the control was set at the medium
position. This required epproxinmately 1 hour

due to the volume of the medium. The temperature
was maintained and controlled as before. The
medium was sterilized for approximately L5 minutes.

During the time the medium was in the autoclave, the
fermentor and associated piping were assembled. The
temperature probe also underwent sterilization. The
procedure used will now be given beginning with the
sterilization of the temperature probe.

(1L) In & graduated cylinder 100 cc of =z 70/ (by

volume) ethyl alcohol solution was added.

(15) The alcohol was acidified by adding 1 drop
of sulfuric acila (Hgsou) (concentrated).

(16) The temperature probe was immersed in this
mixture. Care was taken not to immerse the

probe beyond the wire located at the top of
the probe.

(17) The probe was allowed to soak for 1 hour.

Assembly of the apparatus was done in three (3)
phases. Care was talken to insure that sterile conditions were
maintained at all times. Before beginmning, a bunsen burner
was lit and set to show a2 blue flame.

(18) The fermentor, with the exit line attached, was

connected to the assembly via a clarp. (see
Pigure 1)
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(19) The paper from the exit line stopper was
unwrapped. It was left semi-covered while the
paper from the collecting vessel was unwrepped
toteaelly. :

(20) The opening of the collecting vessel was
flamed. Then the paper was removed from the
exit line stopper and the opening flamed.

(21) The exit line was connected to the collecting
vessel by inserting the rubber stopper in its
top. The vessel was clamped to a stand and
placed in an ice bucket.

(22) The paper,from the inlet tubing toc the fermentor,
was partially removed. It was in such a state
that one could remove the inlet tubing simply
by grabbing the rubber stopper and 1lifting it
out of itsprotective wrapping.

(23) The paper from the top of the fermentor was
unwrapped. It was flamed with a bunsen burner
then the inlet lines were quickly inserted. The
rim of the fermentor was reflamed. Care was taken
so as not to burn the tubing.

(2lL) The air filters were clamped to their respective
clamps and connected to the nitrogen supply.
This was done cerefully, but didn't require
flaming since any contaminates were trapped by
the filter.

(25) The silicon tubing was placed over the peristaltic
pump, but was not clamped in place.

(20) The inlet lines, tc the medium, were gently
clamped and left until the medium was ready to
be connected to the assembly.

(27) “hen the 1 hour time span had elapsed for the
temperature probe, it was gently lifted out of
the gradugted cylinder and rinsed with the
sterile distilled water.

(28) The stopper, covering the temperature well, was



56

removed on the fermentor and the probe inserted
into it. Care was taken not to let the probe
touch anything that was not sterilized since
contamination would have resulted.

#When this procedure was completed, a check on the
progress of sterilizing the medium was done. Vhen the
allotted time had passed for complete sterilization, L5
minutes at 121°C, 15 psig, the switch on the autoclave was
turned to the off position. The sazme procedure used to
vent off the pressure in the autoclave for the first
sterilization phase was used here., When the autoclave
had been vented and cooled, the top was opened and the
medium removed., It was transported over to the assembly
and connected to the other equipment as follows.

(22) The medium vessel was placed on a suitable
support. This support was steady enough to
hold the vessel for the .entire run.

(30) The paper wrapping was removed from the top of
the medium vessel. It was not teken off
completely at this time.

(31) The inlet lines of the medium were unwrapved and
while the paper from the medium vessel was

removed, they were inserted into the vessel.

(32) The top 1lip of the vessel was flamed with a
bunsen burner taking care not to burn the tubing.

(33) When the rubber stopoer was securely in place,
nitrogen was sparged into the medium in order to
expel eXcess air.
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(3ly) Nitrogen was sparged slowly into the medium
at a rate of approximately one bubble every
2 seconds.

(35) When the medium had cooled slightly, the
peristaltic pump was connected up by clamping

down the line which had previously been lying
on the pumplng apparatus.

(36) Nitrogen was sparged into the fermentor at a
very low flow rate (approximately 0.5 on scale).

This completes the sterilization and assembly of

the continuous fermentation apparatus. The section to

follow will describe the steps which were used for

g typical run.
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Procedure Used for a Typical Fermentation Run

After the steps, given in the previous section,
were performed, one was almost ready to begin the
fermentation run. Before the necessary steps were
taken, the following had to be done. 4 0.85% sodium
chloride solution was made which was used to wash the
cells taken from the broth medium. This was done by
adding 17 grams of sodium chloride to 2 liters of
distilled water and placing the mixture in the refrigerator.

Once done, the following final steps were taken.

(1) The peristaltic pump was started and set at
the highest setting (approximately 1L0 cc/hr).

(2) The medium was pumped into the fermentor.
Some time was required until the first liquld
began to come into the fermentor. The nitrogen
supply was turned on slowly and alded in
delivering the medium into the fermentor.

(3) When a sufficient amount of medium had been
added to the fermentor (235 cc), the pump was
turned off. It required approximately 2.5
hours before the fermentor had reached 1its
working volume.

(L) When the required volume had been obtained,
the heating lamp was plugged in and with the
lemp under the fermentors bottom and the
controller set at the desired temperature (37°C),
previously calibrated, began heating the medium
to btemperature.

(5) The system was checked to be sure that no leaks



(7)
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were present. The ice bucket, which contained
the collecting vessel, was filled with ice.

When the medium had reached the desired temper-
ature, inoculation of the organism (Vibrio
succinogenes) was done. One knew when the
temperature of the medium had reached the
desired level when the heating lamp turned

on and off periodicallye.

The culture tube,containing the organism, was
removed from the refrigerator and the nitrogen
supnly to the fermentor turned on at a setting
of 8.0 on scale.

The rubber diaphram, of the culture tube, was
sterilized by moistening a cotton ball with
70,;0 a.lC OhOl 3

A 3 cc syringe (Plastic Pack Disposable) was
inserted into the culture tube and 0.25 cc of
the inoculant withdrawn.

The inoculant port, on the fermentor, was
sterilized in the sSame manner as used on the
culture tube.

Via the syringe, the organism was inoculated
into the fermentor by inserting it in the
inoculant port.

The date and time was recorded

4 final check on the system was performed to

be sure all systems checked. This included
whether the temperature controller was working,
that sufficient nitrogen was being supplied to
the fermentor and that no leakage was occurring.

The svstem was allowed to remain in this state
for 10-20 hours to allow the organism to grow.

The organism was now grown under bateh conditioms.
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The next phase of the operation was to turn on the

purip and begin sampling. The steps used were as

follows.

(15)

(17)

(18)

(19)

After the appropriste time had elgpsed, a
check on the fermentor was done to see
whether any growth had occurred. This was
determined by noting an apparent change in
the turbitity of the medium.

If growth had occurred, the pump was turned

on and set at the desired flow rate (most runs
in this report used flow rates of 30-50 cc/hr).
Time and date were recorded.

The ice bucket was refilled with ice, dumping
the water that had collected over the time
period passed.

The ice was placed around the collecting
vessel so as to kill the organism upon
collecting thus stopping further growth.

Collecting samples of the broth began. A
volume of at least 75-125 ce of the broth
was required before any processing of the
samples were performed.

Samples of the fermentation broth were now taken.

The steps that follow, describes how the samples were

processed so that enzyme assays of them could be taken.

They are as follows.

(20) When a suitable volume of broth had been

collected, the collecting vessel was dis-
commected and its contents poured into a
500 cc graduated cylinder.
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(21) The time, date and volume collected were
recorded.

(22) The eylinder was placed in ice to keep the
contents colde

(23) In a 50 cc beaker, approximately L0-L5 cc of the
broth was poured. This was used to record the

PE of the broth.

(2lL) The pH of the broth was recorded using a standard
pH meter. 4 Corning Model 6104 with a Fisher
liodel combination electrode was used to record
the pH. Calibrations were done for every
sample using a 7.0 pH buffer solution.

(25) Next, the optical density of the broth was
taken by using a Spectronic 20 spectrophotometer
set at a wavelength of 550 nm. Zero absorbance
was set by using distilled water as the blank.

The readings were recorded.

(26) After the pH and the optical density of the
broth were taken, the broth was centrifuged down.

(27) Exactly 30 cc of the broth was measured and poured
into a centrifuge tube. It was then inserted
into the centrifuge, making sure to balance it
with another tube filled with distilled water
and placed directly opposite the broth tube.

(26) The cells, conteined within the broth, were
centrifuged down by setting the controls on
the centrifuge to their maximum setting and
spun for 5-10 minutes.

(2Q9) When completed, the centrifuge was turned off.
‘When stopped, which was aided by placing ones
hands (potected by gloves) on the sides of the
centrifuge, a portion of the effluent (avpprox.
5 cc) was collected and the rest discarded.

(30) Another 30 cc of the broth was remeasured and
poured in the same centrifuge tube. The cells
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were spun down as before and all the effluent
discarded. This step was repeated until all of
the collected broth had been centrifuged. The
total volume used was recorded.

(31) The cells, in the centrifuge tube, were re-
suspended using a 0.85% NaCl solution previously
prepared. The volume of salt solution used
was 30 cc.

(32) The cells were centrifuged down as before and
the effluent discarded.

(33) The samples were labeled with the date, time
and sample number. The top, of the tube, was
stoppered with a cotton plug and stored in the
freezer along with the effluent of the broth
(which had alsoc been labeled).

(3lL) More ice was placed around the collecting vessel
to malke sure it was kept cold.

(35) The above procedure was repeated for subseguent
samples when sufficient volume had been collected.
Samples of the broth were taken periodically throughout
the entire run. Each run toolr epproximately 75-100 hours
to complete. At the end of this time, the system was
shutdown by the following procedure.
(36) Whnen the final sample had been taiten and processed,
the fermentor was shutdown.
(37) The pump and nitrogen supply was turned off.
(38) The heating lamp was unplugged.
(39) The temperature probe was taken out and placed
back into the graduated cylinder containing the

70% alcohol. The probe was rinsed with distilled
water before immersion in order to clean off the
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broth.
(L0) The apparatus was disassembled and all glass-
ware cleaned in preparation for the next run,
if one were planned.
(l1) The silicon rubber tubing or the tygon tubing,
used in the pump, was replaced,
This completes the procedure used in a typical
continuous fermentation run. The samples, which were
stored in the freezer, were assayed for enzyme (asparaginase).

This was performed at Rutgers University by Dr. Kafkewitz.

The procedure he used is described in the next section.
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Routine Assay for Enzyme (L-Asparaginase)

As was described in the previous section, the

samples collected were stored in the freezer. The samples

were kept in this condition so as to perserve them until

the assay test could be conducted. This test was performed

at Rutgers University, Newark, N.J. by Dr. D. Kafkewitz.

The procedure, for the assay, has been documented in the

literature (2). The procedure used, in the article and

hence by Dr. Kafkewitz, will now be described.

(1)

(2)

(5)
(6)

A 0.1 M H3BO3 buffer was prepared and edjusted
to a pH of 8.5 by adding NaOH.

The centrifuge tubes were taken from the
freezer and the cells, contained within themn,
were resuspended in the buffer.

The cells were disrupted by sonicating the
cell pellet suspensione.

The mixture was centrifuged so as to remove the
cell debris. This was done for 30 minutes at
21,000 x g and L°C.

The supernatant was poured off and stored at iog,

The sediment was resuspended in the buffer and
centrifuged once again at the same conditions
described in step (lL).

The supernatant was collected and combined with
the previous one.
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L-Asparaginase activity was measured by determining
the amount of ammonia produced upon the hydrolysis of
L-asparagine. The reaction mixture consisted of 5 to
200 pl of enzyme solution diluted to 2 cc with 2 0.1 M
borate buffer, pH 8.5.

(8) The reaction was initiated by adding 2 cc of

the 0,08 M I-asparagine solution to the extract
from centrifugatione.

(9) The reaction mixture was incubated at 37°C.

If all the samples collected during the fermentation
run were to be assayed all together, then steps (8) and

(9) were repeated for each Sample separately.

(10) Approximately 0.3 cc of sample, that was incubated,
was removed at 1 minute and various intervals
thereafter up tc 30 minutes of incubation and
placed in a suitable test tube. Approximately
5 samples were taken.

(11) The reaction was terminated in each tube by
adding 0.3 cc of a 5% trichloroacetic acid and
mainteining the samples in ice for at least
10 minutes.

(12) Any precipitate was removed by centrifuging
the tubes for 10 minutes at 21,000 x g.

(13) A 0.2 cc aliquot, of the supernatant, was taken,
placed in a test tube and diluted to 3.5 cc with
distilled water.

(1) To this, 0.5 cc of Nessler's reagent was added.
It sat at room temperature for 10-15 minutes.
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(15) The absorbance of'each tube was measured. This
was done on a spectrophotometer set at a
wavelength of 420 nm.

(16) 4 least squares analysis was done on the

absorbance measurements versus time from
when the enzyme solution was added to when
the final sample was removed. The slope of
this line was recorded.

Enzyme and substrate blanks were included in &ll
assays along with a standard curve prepared with ammonium
sulfate. Protein concentration was determined routinely
by the Biuret Method using crystalline bovine serum
albumin as the standard. The Biuret Method is a
standard technigque covered in 21l microbiology laboratory
manuals.

The enzyme activity was expressed as international
units (I.U.) enzyme per milligrams of protein. For all

runs and those done by D. Kafirewitz (3), it was assumed

that the cells contained 505 protein.
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Procedure used for Calibration Curve
(Cell Concentration versus Optical Density)

When a typical run was performed, the absorbance
(optical density) of the broth with respect to time was
taken. A relation between optical density and cell
concentration had to be determined so that the results
would take on a meaniful relationship. Although a
calibration curve of this type is a standard technique
covered in most microbiology text, some modification of
the technique was incorporated in order to faciliate the
equipment on hand. The procedure used was as follows,

The first step, in the procedure, was to construct a
small batch fermentor. The total volume of the fermentor
was one (1) liter and had a working volume of 0.7 liters
(700 cc)s The set up is shown in Figure 3. The next
step was to welgh out the necessary chemicals which would
be used as the medium. 3Since the volume of the medium
would only be 700 cc versus 5500 cc, used in each run,
ad justments on the amounts used had to be msde. Also,
from previous worls done on the orgesnism, unpublished work
by D. Kafkewitz, it had been found that the volume of cells
produced did not change sufficiently by the use of either

of the mediums used in this report. Therefore, the following
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medium was decided upon to be used in constructing the

calibration curve. It is shown below.

Chemical Amount Composition
(grams)
Ammonium Formate 33166 0.0751 M
Fumaric Acid 8,960 0.1101 M
Yeast Extract 5.6057 8.01 gm/liter
Li&)~-Cysteine
Hydrochloride 0.35L5 0.51 gm/liter
Armonium Chloride 0.9380 0.0251 M
Sodium Hydroxide 6.0395 2 eguivalents NaOH/

mole Fumeric Acid

Preparation of the medium was done as is described in

the section labeled Preparation of Medium. The rest of

the procedure varied slighly and will be described.

(1)

(2)

(3)

(ly)

Once the medium had been prepared, it was
poured into the 1 liter fermentor. The nitrogen

inlet lines and inoculation port assembly
were inserted.

The air filter was connected and the hosing
secured with copper wire.

The top of the fermentor was wrapped with brown
paper. It was wrapped securely so that the top
did not pop off during sterilization.

A 250 ce flask was filled with distilled water
and the top wrapped securely. This was used to
rinse the temperature probe. The sterilization



(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(1)
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of this probe was the same as was done
previously. Refer to the section Apparatus
Sterilization and Assembly, steps 11&5—
(17) for details.

The fermentor, containing the medium, and the
distilled water was placed in the autoclave.
The necessary checks on the autoclave, as was
done previously, was made.

The top of the autoclave was closed, the unit
plugged in and the control switch set to the
high position. The relief valve on the top
cover of the autoclave, was opened fully.

The temperature was brought up to 100°C. It
remained there for za few minubes to ensure that
all the air had been released via the relief valve.

The valve was closed and the temperature brought
up to 121°C, 15 psig.

When the temperature had been reached, it was
controlled by switching the contrel switch to
the medium position.

The temperature was maintained and the contents
sterilized for 110 minutes at 121°C, 15 psig.

When completed, the valve was opened and the
pressure released slowly. It was cooled to

90°C then the autoclave was opened and the
contents removed (fermentor assembly and distilled

water).

The paper froa the fermentor was removed and
the fermentor clamped to the assembly alone with
the connection of the air filter to the nitrogen

supply. (see Figure 3)

Nitrogen was sparged into the fermentor at a
sufficient rate to ensure complete saturation.

The temperature probe was inserted into the
fermentor. The probe was rinsed with the sterile
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distilled water before inserting it into the
fermentor.

(15) The heating lamp was plugged in and the medium
brought to a temperature of 37°C. Note, some
time was required to do this since the contents
had to cool down. This was speeded up by rubbing
ice on the outside of the fermentor. When this
was done, the lamp wes moved out of the way so -
that no ice could fell on it thus causing a short.

(16) When the desired temperature had been obtained,
noted by the heating lamp turning on and off
at regular intervals, the inoculation of the
organism was ready to commence.

(17) The same procedure, as was described previously
(see steps (8)-(12) in the section Procedure used
for a Typical Fermentation Run), was used to
incculate 0.75 cc of the organism, Vibrio
succinogenes, into the fermentor via the inocu-
lation port.

(18) hen all systems checked, no leakage, nitrogen
supply adequate, the system was left to grow
for approximately 20 hours.

At the end of this time, a checlz on whether any
growth had occurred was made by noting a change 1in the
tubitity of the broth. Then the heating lamp was turned
off, the fermentor unclamped and immersed in ice to stop
the growth. Then the following steps were performed.

(19) A sample of the broth was taken and its
optical density measured on the Spectronic

20 set at 550 nm wavelength.

(20) This sample, which had a volume of 60-100 cc,
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was poured into a centrifuge tube and the cells
spun down. The total volume used was recorded.

(21) The effluent was discarded and the sample labeled.
It was stored in ice.

(22) Next, another sample from the broth was taken
and diluted with a 0.85% sodium chloride solution.
The dilution was such that when the optical
density was taken, a range of readings were
obtained. An example was 50 cc of culture and
10 cc salt solution gave an optical density of
0.58 compared to an optical density of 0.7 obtained
for the broth medium alone.

(23) The cells were spun down and the effluent dis-
carded once again. The volume used was recorded
and the sample lgbeled,

(2lL) steps (22)-(23) were repeated for a total of
6-7 samples.

(25) When completed, the culture tubes, containing
the cells, were placed in an oven set at 500°C.
This was a preliminary drying so that the cell
masses may be removed from the centrifuge tubes.

(26) The tubes remained in the oven for epproximately
2y hours.

(27) At the end of this time, the tubes were removed
and the cells collected and placed in weighing
dishes for further drying. Each dish was labeled
with the sample number.

(28) The drying dishes, containing the cells, were
placed in an oven set at §5-100°C. The temperature
did not exceed 110°C; otherwise, the cells would
have burned.

(29) They were dryed for 3-5 hours.

(30) The cells were removed from the oven and weighed.
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(31) The weight of cells, for esach sasmple, were
obtained. This was done by weighing the con-
tainers, containing the cells, first, then washing
them completely off the plates and reweighing.
Cell weight was obtained by subtraction. ithen
the cells wers removed from the oven, theilr
weights were taken as soon as possible, If
one were unable, then the cells were stored
in a desiccator since dry cells absorb water
rapidly.

With the weight of the cells lmown and the volume of
broth centrifuged to collect that amount of cells, the
relationship between optical density and cell concentration
for the spectrophotometer being used was obtained. The

date used,-to plot the calibration curve in this experiment,

was as follows.

Sample Optical Density Cell Concentration
Number (mg dry weight/cc broth)
60 | 0.70 0.4.07

61 0.58 0.363

62 0.8 0.295

03 0.38 0.256

ol 0425 0.09

65 0.13 0.0L¢

A plot was made of optical density versus cell

concentration. Since there exist a direct relationship
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between opntical density and cell concentration, a straight
line was drawn. A least squares analysis on the points was
made. Refer to Appendix B to see the results of the

analysis.,
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Procedure used for (Calibrating Peristaltic Pump

Throughout a2ll the fermentation runs, the use of a
veristaltic pump was used to achieve flow of medium to
the fermentor. Before one could use this pump, it
had to be calibrated so that the relationship between
pump settings and actual flow (cc/hr) could be noted.
This calibration was done in the following manner.

First of all, a vessel containing distilled water
was placed on the assembly bench and tubing leading from
it to the pump was placed. The water pumped was collected
in a graduated cylinder so that the volume could be
recorded.

Next, the pump was turned on and set at various
pump settings. Then by noting the time elapsed and the
volume collected over that time, the flow rate (cc/hr)
versus pump setting could be constructed.

There were two such plots made. One for 3/16" I.D.

tygon tubing (S-50-HL), and the other for 3/16" I.D.
silicon rubber tubing. During the course of the runs, it
was found that tygon tubing broke down during sterilizetion
thus causing leaskage problens and collaspsing of the tubing

in the pump. It was therefore decided to go to silicomn
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rubber tubing which gave no such problems and performed

adequately. The data for the two calibration curves

are given.

For 3/16" I.D. tygon tubing (S-50-HL)
Used for Runs A-D

Pump Setting Volume
Collected
{cc)
lL.0 13.
6.0 26.
8.0 39.
10.0 9.

‘For 3/16" I.D. silicon

Used for Runs D-F

Pump Setting Volume
Collected
(cc)
.0 1h.
h.s 25.
5.0 20.
5.5 23
7.0 33.
9.0 3l.
10.0 37,

Time
(minutes)
20.
20.
20.

20.

rubber tubing

Time
(minutes)
20,
30.
20.
20.
20.
15.
15.

Flow Rate
(cc/hr)

39.0
78.0
117.0
7.0

¥Plow Rate

(cc/hr)

li2.0
50.0
60.0
69.0
99.0
136.0
18.0
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The plot was therefore made of pump setting versus flow
rate and the best straight line was drawn thus establishing

the calibration curve.
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Procedure used for Calibrating Temperature Controller

In all fermentation runs performed, the temperszture
of the medium had to be maintained at 37°C. This was
done by a thermocouple connected to a2 temperature
controller. Before this piece of equipment could be
used it had to be calibrated. The procedure used was
one of a One Point calibration procedure. It involved
the following.

4 flask (apoproximate volume 500 cc) was filled with
2li0 cc distilled water and clamped in place. The heating
lamp was then placed beneath it and the temperature
probe imnersed in the water. A thermometer was then
placed in the water and the lamp/controller plugged in
an electric outlet. The controls, on the controller, were
then set at various settings until the right ones were
found which maintained the water at 37°C. The settings
were then noted and left untouched throughout the run.
Periodically, this procedure was reveated in order to

check the settings and make any adjustments necessary.
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SAMPLE CALCULATIONS

Dilution Rate

W::"iV/VO (l)
* working volume V= 235. cc (constant)
For Run A: sample #1 W=32.L cec/hr
w=(32.L ce/hr)/(235. cc)=0.138 hr~t

Theroeticzl Wash Out Curve

InC = InC, - Wt (10)
For Run F:

Co= 0.295 mg dry weight/cc broth

w = 0.21lL nr-1
intercept of theoretical plot = 0.295 mg dry weight/cc broth
slope of plot = ~ -0.21l nr-1

Specific Growth Rate

For Run F':
slope of actual curve, j = 0.LOL hr-1
slope of theoretical curve, pg.= 0.21l hr-l
specific growth rate, m=xg - pp =0.h0L - 0.21h
= 0,19 hr-?!
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International Units of Enzyme per cc Broth

For Run C: sample #28
G = 0.355 mg dry weight/cc broth

S.A.=9.1 I.U. enzyme/mg protein

s#assume 50% protein per cell

I.U. enzyme - (O.BSS mg dry weight) 3% (O.S mg}rotein)
cc broth cec broth mg cell

-::-(9.1 I.T. enzyme)
mg proteln

= 1.62 I.U. enzyme/cc broth

S.A. specific activity
I.U. international units

International Units of Enzyme per mi Ammonium Formabe

For Run C: Continuous Fermentation

1.U. enzyme (cumulative)= 6576.15 I.U. enzyme (Table XXX)

Total volume used = 2.755 liters medium (Table XII)

Concentration ammonium formate =
75 mlM ammonium formate/liter medium

I.U. enzyme/ml ammonium formate =

(6576415 1I.U. enzyme)*(1l/2.755 liter medium)s
(1iter medium/75 mli armmonium formate)

= 31.83 I.U. emzyme/m¥ ammonium formate
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For Run C1: . Bateh Fermentation
I.U. enzyme/cc broth=1.7L I.U. enzyme/cc broth (Table XXIX)

Concentration ammonium formate=
© 100 mM ammonium formate/liter medium

I.U. enzyme/mii ammonium formate=

(1.7@ I.U.enzyme) /1000 ce .broth)
cc broth liter broth

o liter broth )
100 mi ammonium formate

= 17.40 I.U. enzyme/mM armonium formate
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TABLE VII

Hydraulics of Run A: (sodium formate limiting nutrient)
S&lﬁgi; Volzcgc;ll. Suzz(chc))l. F%gxg/ﬁ;i;e (hrvzl)
1 73. | 73. 32.t .138
2 140, 213. 33.3 12
3 600. 813. 33.3 12
L 73. 886. 31.7 .135
5 NS 886. NR NR
6 625. © 1511, 29,3 .125
7 75. 1586. 3.7 .18
8 135. 1721. 33.4 .12
9 850. 2571. 7.3 .201
10 95. 2066. 50.0 .213
11 120. 2786. 51l.3 .218
12 75. 2861. 52.5 .223

NR=no reading of item, Flow Rate, w, etc., taken
Tor that particular sample number.
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TABLE VIII

Experimental Data of Rum A:

E;m;gi.i Tix?gri;’.no. P 00 (mg dry Weigh‘c/cc broth)
1 23.l 9.0 .52 o3l
2 27.6 8.8 .3L .205
3 5.6 8.7 135 .055
b 47.9 8.5 .15 . 065
5 50.3 8.6  .6h 125
6 69.2 8.8 .56 .365
7 T1l.lt 8.8 .72 1185
8 75.0 8.7 .BL | D25
9 93.L 8.7 .79 535

10 95.3 8.7 .78 .525
11 97 .6 8.7 .78 .525

12 99.1 8.7 .78 .525
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TABLE IX

Processed Data for Run A:

Sample Cell Conc. S.A. (I.U. enzymé) . Sum .
mber (ng proteln) (LU._oaapme) oo M T (B mem )
1 3l 1.5 .255 .255
2 .103 U0 NR .255%

3 .028 U0 NR .255%

I .033 i NR .255%

5 .213 i) NR .255%

6 .183 U0 NR .255%

7 .23 3.9 - .9l8 1.203
8 .213 6.9 147 2.673
9 .268 9.1 2. 5.113
10 .263 9.8 2.58 7.693
11 .263 Be7 2.29 9.983
12 .263 7.8 2.05 12.033

% Since no specific activity of enzyme was
determined for the samples, cumulative totals
(Sum) sssumed unchanged from sample 1.



TABLE X

Hydraulics of Run B: (emmonium formate limitinz nutrient)
i I iy A Y T
17 125, 125. 19,6 .211
18 150. 275. L7.3 .201
19 150. Lies, 5.2 .192
20 700. 1125. L5l .192
21 160. 1285, h7.1 « 200
22 130. 1h1s. libaly .197
23 800. 2215, Iy o6 «190
2L 5. 2360. 16.0 «196
25 125. 2li85. L5.8 .195
26 800. 3285. L5.0 .192

27 1h0. 325, Wbl .108



TABLE XI

Experimental Data of Run B:
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Sample Time Ino. pH 0.D. C
Number (hr) (mg dry weight/cc broth)
17 18.h 8.5 .62 .2h5
18 21.6 8.5 .60 o2l
19 2l.9 8.5 57 .225
20 Loy 8.5 .58 .23
21 13.8 8.5 .58 .23
22 6.6 8.6 .56 .22
23 6lL.6 8.6 .56 22k
2l 677 8.6 .56 22l
25 700 8.6 .55 .22
26 83.2 8.6  .5L .215
27 91.2 B.6 .56 .22l
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TABLE XII

Hydraulics of Run C: (ammonium formate limiting nutrient)
R R ST TR wh

28 1Lo0. 1l.0. 52.5 .223

29 1ho. 280. 52.2 0222

30 135, l1s. 50.9 217

31 800. 1215. 9.1 «209

32 125, 1340. 5040 .213

33 125, 1h65. 50.6 .215

3l 125, 1590. 50.0 .213

35 785. 2375 L7.6 «203

36 120. 2hos. 1i8.0 «20L

37 125. 2620. 50.0 .213

38 135. 2755, 50.9 217
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Experimental Data of Run C:

gilmngile’* Tm(lﬁr?m. PH 0-D: (mg dry Weight/cc broth)
28 18.3 7.9 W5 .355
29 21.0 7.9 .68 155
30 23.7 7.9 .65 135
31 110.0 8.0 .53 .34h5
32 b2l 7.9 U8 .31
33 hh.9 7.9 o148 .31
3l L7ely 7.9 L8 31
35 63.9 7.9 .50 .325
36 661t 7.9  .L9 .315
37 68.9 8.0 .48 .31
38 71.6 7.9 U6 .295
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TABLE XTIV

Processed Data for Run C:

§§§gi§ 0911 ang. S.A. (I.U. enzynmj Sum
(R Rpofeln) (10 shapma) © cc O L mret )
28 .178 9.1 1.62 1.62
29 .228 12y 2.83 LL.i5
30 218 15.4 3.36 7.81
31 173 2 2.16 10.27
32 .155 20.8 3.22 13.Lh9
33 .155 16.1 2.50 15.99
3L .155 18.9 2.93 18.92
35 | .163 12.h 2.02 20.9L
36 .158 13.2 2,09 23.03
37 .155 15.1 2.3l 25437

38 011t 16.1 2.38 27.75
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TABLE XV
Hydraulics of Run D: (sodium formate limiting nutrient)
vme e MRt A ey
L3 115. 115. h2.6 .181
Ly 120. 235. L7.6 «203
LS 115. 350. 51.1 217
L6 375. 725, 21.l . 001
L7 60. 785. 19.8 .08l
118 65. 850, 21.9 .093
9 370. 1220. 20.6 .088
50 55. 1275. 18.3 .078
51 55. 1330. 18.0 077
52 355, 1685. 21.0 .089

53 60. 1745, 19.7 .08l
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TABLE XVI

Experimental Data of Run D:

Sample Time Ino. pH 0.D. c

Number (hr) (mg dry weight/cc broth)
43 19.7 7.8  .hl «255
bl 22.2 7.8 .35 .215
L5 2li.5 TeT 22 .120
L6 2.0 7.8 .2L .135
L7 L5.0 7.5 .30 .175
118 18,0 7.6 .28 .16
Lg 6640 7.5 .26 L5
50 69.0 7.5 W3k .205
51 72.0 7e5 438 235
52 89.0 7.5  WL0 .25

53 92.0 7.5 ol .28
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TABLE XVII

Processed Data for Run D:

Sample Cell Conc. S.A. (I.U. enzyme) Sum
Number jmg orotein) (I.U. enzyme) \ cc broth / [(I.U. enz;yme)
( cc broth ) (m,g protein / cc broth
L3 .128 3.8 1186 186
Ly .108 3.9 Ji2a «908
L5 .06 3.9% .23L 1.1k2
L6 . 068 349 . 265 1.4h07
L7 .088 3.6 .317 1.720
18 .08 2.7 .216 1.0
Lo .073 2.8 .20l 2,10l
50 103 3.5 361 2.505
o1 .118 .2 D106 3,001
52 .125 6.2 «TT75 3.775
53 L2l 763 1.022 .797

% No specific activity determined for sample L5.
S.A. assumed to be average of sample Ll & Lb.
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TABLE XVIII

Hydraulics of Run E: (armonium formate limiting nutrient)
Sample Vol. Coll. Sum Vol. Flow Rate w
Number (cc) (cc) (co/hr) (hr-1)

67 8li. 8li. 7.2 .201

68 100. 18L. L,8.8 .208

69 105. 289. L8.0 .20l

70 500, 769, 28.5 .121

71¥ 55. 55. 3949 <170

72 55. 110, 1178 .203

73 50. 160. 9.0 <209

7h 190. 350. u7.é .201

75 80. lL30. h7.1 «200

% reinoculation of organism, Vibrio succinogenes,
into fermentor
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TABLE XIX

Experimental Data of Run E:

Sample Time Ino. pH 0.D. G
Number (hr) (mg dry weight/cc broth)
67 19.7 9.2 .58 .38
68 21.7 9.1 .41 «255
69 2l.0 8.8 .27 .155
70 h1.5 8.7 .1bL .065
71% 2543 9.0 29 .17
72 2641 9.0 .26 .15
73 27.5 8.9 .23 .125
gyn 31.5 8.8 .21 .11
75 33.2 8.5 .19 .095

3t reinoculation of organism, Vibrio succinogenses,
into fermentor
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TABLE XX
Hydraulics of Run F: (fumaric acid limiting nutrient)
Sample Vol. Coll. Sum Vol. Flow Rate w
Humber (ce) (cc) (cc/hr) (hr-1)
78 125, 125. 527 220
79 75, 200. 50.0 «213
8o NS 200, NR NR
81 105. 305. 50.0 .213
82 NS 305, NR MR
83 95. lL00. 1i8.7 .207

8L NS hoo. NR NR



Experimental Data of Run F:

TABLE XXT
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I?iﬁgg; Tin(lgrgno. P 0.0 (mg dry weight/cc broth )
78 2542 9.1 .l .295
79 26.7 8.9 .32 .19
80 27.8 NR .27 .15
81 28.8 8.7 .23 .12
82 20.8 NR .19 .095
83 30.8 8.6 .17 .08
8ly i7.3 8.1 .10 .03
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TABIE XXII

Wash Out Curve Data for Run A:

Sample Time from Pump . Cell Conce.
Humber Activation (hr) (mg dry weight/cc broth)
1 2.25 3l
2 6.15 205
3 2l.1i5 +055
i 26.75 065
5 2917 125
6 418.09 .365
7 50425 -1485
8 5l.29 L2
9 72425 <535
10 .15 | «525
11 76 .19 «525
12 T7.92 525

w=.138 hr-1

- dilution rate determined by geometric average
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TABLE XXITII

Wash Out Curve Data for Run B:

I{%h?rmngi; f.ifivgﬁlgn%) (mg drycgéiggg;lgé broth )
17 251 .2L5
18 5.68 2l
19 9.00 «225
20 2lie53 .23
21 27.93 .23
22 30.73 22l
23 48,68 220
2l 51.83 .22l
25 sh.56 .22
26 72433 .215
27 75.35 .22l

w¥ = .197 hr~t

3+ dilution rate determined by geometric average
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TABLE XXIV

Wash Out Curve Data for Run C:

Sample Time from Pump Gell Conce.
Number Activation (hr) (mz, dry weight/cc broth)

28 2.67 «355

29 5.35 155

30 8,00 L35

31 2ly.28 345

32 26.78 .31

33 29.25 31

3ly 31.75 .31

35 48.25 -325

36 50.75 315

37 53.25 ~ .31

38 55.9 «295

wi= ,213 hr-1

3% dilution rate determined by geometric average



TABLE XXV

Wash Out Curve Data for Run D:

f@g_g ggﬁgvgi?gn%)
L3 2.7
by 52
L5 o5
L6 766
L7 10.66
L8 13.66
ho 31.66
50 3l1e66
51 37466
52 Sli.66
53 57.66

Sea
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Cell Conc.
(mg dry weight/cc broth)

255
.215
.120
.135
175
.16

<145
.205
+235
25

.28

wi¥= .2 hr~l, for samples h3-L5

wo*= .085 nr-l, for samples L6-53

% dilution rate determined by geometric average

from sample

L5

start of new dilution rate, 17.3lL hr elapsed
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TABLE XXVI

Wash Out Curve Date for Run E:

;;gﬁé; Xi?gviggghP?ﬁg) (mg drycziigggﬁgé broth )

67 1.81 .38

68 3.86 255
69 6.05 .155
70 23.61 .065
7% 1.38 .17

72 2.53 Lbs
73 3e55 .125
7h 7.58 . .11

75 9.28 .095

wi*s .20 hr-l, for samples 67-69
Wg*:.lgé hr’l, for samples 71-75

% reinoculation of organism, Vibrio succinogenes,
into fermentor

s+ dilution rate determined by geometric average
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TABLE XXVII

Wash Out Curve Data for Run F:

Yomper fotivepion (hn)  (mg ary welgnt/es broth)
78 3402 .295

79 l1e52 .19

80 5.6 .15

81 6.62 12

82 757 .095

83 857 .08

8l 25.05 .03

w¥z .21l hr-1

s dilution rete determined by geometric average
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TABLE XXVIII

Experimental Data for Run G': (Batch Fermentation, ref. (3))

I%ﬁﬁii Tir?grgno. 0-D- (mg dry wei;ht/cc broth)
A 19. .065 026
B2 20. .0%h .037
c3 21. .20 .08
Dl 22, A1 156
ES 23 65 26
Fb 2y .88 .35
a7 25. 1.0 110
H8 26. 1.1 Ll
19 27 1.1 N
J10 39, 1.05 A2
K1l h2. 1.0 L0

L1z Lé. «99 <395
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TABLE XXIX

Procesgsed Data for Run C!':

ﬁiﬁ%ég ggl;rggggﬁ)(I.Ué.gﬁzyme) Iégkbggég?é)<I.U;Sggzymi)
cc broth /\mz protein cc broth

Al .013 R NR NR
B2 +018lL 27 .05 .05
c3 o - 2.5 .10 .15
Db .078 Laly .343 1193
ES .13 5.0 .65 1.1l
Fb <175 7.0 1.23 237
G7 .20 ‘ 6.5 1.3 3.67
HS .22 7.8 1.72 5.39
I9 .22 9.8 2.16 7.5
J10 .21 10.5 2.21 9.75
K11 20 9.5 1.90 11.65
L12 .198 8.8 170 13.39

3 Total I.U. enzyme (asparaginase) produced in
the batch run used for comparison with the
continuous run (C)
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TABLE XXX

Final Units of Enzyme Produced for Run C:

ﬁigﬁég Vo%éc?01l. (Iégtbggggme) (g;ESm (I.%?menzyme)
28 1Lo0. 1.62 226.8 226.8
29 1h0. 2.83 396.2 623.0
30 135. 3.36 i53.6 1076.6
31 800. 2.6 1968.0 30l .6
32 125. 3.22 102.5 3741
33 125, 2.50 312.5 3759.6
3l 125, 2.93 36643 1125.9
35 785. 2.02 1585.7 5711.6
36 120. 2.09 250.8 5062.1
37 125, 2.3h 292.5 62511.9
38 135. 2.38 321.3 6576.2"

3 Total I.U. enzyme (asparaginase) produced in
the continuous run used for comparison with
the batch system (Ct!)
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APPENDIX F
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APPENDIX H
COMPARISON PLOT AND TABLE
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TABLE XXXTI

Comparison between Batch Fermentation and
Continuous Fermentaflon

System Used 1.U. enzyme) I.U. enzyme )
: Titer Broth MmN ammonium formate
Batch 174h0.0 17.L0

Continuous 2386.99 31.83
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APPENDIX I

NOIENCLATURE
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NOMEHNCLATURE

c = cell concentration, mg dry weight cells/cc broth
ce = cubic centimetrs, volume measured, lcc 1 milliliter
I.T. = international units, amount of enzyme which catalyes

the formation of 1 micromole of ammonia per min.

N = number of cells

¥R = no reading of item, in question, obtained

NS = no sample of broth taken at time in question
0.D. = optical density of broth, related to cell

concentration via calibration curve

pH = measurement of hydrogen ion concentration
in each sample during the fermentation run

SJA. =~ sSpecific activity of each sample, I.U. enzyme
per milligram cell protein

Sum Vol. = summation of the volume collected from thé
beginning of the fermentation run, cc

Sum .= summation of the amount'of enzyme, asparaginase,
produced from the beginning of the run,
I1.U. enzyme/cc broth

T = fermentation time, hr

— doubling time, time required for cell population
to double, hr

Time Ino.—time from when organism, Vibrio succinogenes,
was first inoculated into the broth to the

sampling time, hr

Uo — unobtainable reading due to lack of adequate
cell volume after centrifuging



Pmex

Pt

= working volume of broth in fermentoz;, ce

= flow rate of medium into fermentor, cc/hr
= specific growth rate, hr-l |

= actual specific growth rate of run, hr-d

= maximum specific growth rate determined by
batch system, hr-1

= theoretical specific growth rate determined
from actual dilution rate ilnd initial cell
concentration for run, hr~

= dilution rate, hr-1
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