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CHAPTER I

INTRODUCTION

A.  Nature and Importance of the Study

In recent years the activated sludge process has
- become the most popular biological wastewater treatmenf
process and has been extensively used by both municipal-
ities and industries. There is every reason to believe
-that it will create more interest and find even greater use
in the near future. Why does the activated sludge process
pose such a definite challenge and great potential? This
may be due to the fact that it has relatively high effi-
ciency (rapid removal of the associated organic compounds,
and short aeration and detention periods), requires smaller
" space for treatment than other biological processes, and
provides a high degree of operational flexibility.
Activated sludge consists of macroscopic flocs pro-
duced by the growth of bacteria and other microorganisms
in the presence of dissolved oxygen. The living masses of
microorganisms in the activated,sludge.arelessentially
responsible for the purificaticon of the waste water. They
remove the soluble and suspended organic matter under

aerobic conditions, After consumption of the associated



organic matter, the sludge flocs are allowed to settle and
are separated from the carriage water which, now freed from
-90-95 per cent of its organic contamination, leaves the

" settling tank as a relatively clear liquid.

In order to gain a better insight into operational
criteria and various basic concepts concerning the kinetics
and mechanisms of the activated sludge process, consider-
able research has been carried out toward understanding and
establishing the basic mechanisms governing the metabolism
of specific organic compounds by activated sludge. Mostly,
this metabolic research has been related to compounds
appearing in domestic‘sewage, significant industrial wastes,
or potentially significant industrial wastes.

Recently, many attempts have been made to demonstrate
the general occurrence of sequential substrate removal in a
two~component growth medium. Of greater significance to
the pollution cohtrol field is the finding that both enzyme
inhibition and repression exist in heterogeneous popula-
tions during catabolism. Since the function of metabolic
control mechanisms is a significant phenomenon for the
activated sludge pr00685; it is appropriate:.and necessary
to extend the investigation using various combinations of
carbon source., Carbohydrates were qhosen as the elass of
compounds to be investigated in this study, because:

va: they are major components of domestic sewage and
some types of industrial wastes;

b. a great deal of biochemical information on carbo-



hydrate metabolism is available for use in analyzing the
results of the present study;
¢. a wide variety of structurally different carbohy-

drates can be chosen as experimental substrates,

B. Purpose and Scope of the Present Investigation

This study Was undertaken for the following p%rposes:

1) to gain a better understanding of metabolic control
mechanisms;

- 2) to investigate the extent ofvigterference or block-
age of utilization between various carbohydrate substrates
and to determine. the generality of sequential or concurrent
removal for various carbohydrate combinations;

3) to examine the pattern and rate of carbohydrate
utilization by different activated sludge systems;

| 4) To examine the possibility of release of metabolic
intermediates and/or end products during carbohydrate util-
ization by different sctivated sludge: systems.

It is hoped that the results of this study will con-
tribute significantly toward the understanding of the
response of activated sludge to changes in carbohydrate
components in a waste water and that it will-proVide,addi—
tional bases for predicting the course of waste purifica-

~tion,



CHAPTER II
'LITERATURE REVIEW

A, Carbohydrates and the Activated Sludge Process

1. Types of Wastes Which Contain Carbohydrates

‘Although considerable research has been conducted in
the study of the characteristics of industrial wastes,; not
much informatien is~avai1ab1e regarding‘either'the amount
or the types of carbohydrates contained in various wastes,
Almost all of the investigations have been concerned‘pri—
marily with the total amounts~of'organiC‘matter, COD,‘or
BOD contained in the major wastes, Table I shows some of
- the types of wastes-ccntaining carbohydrates which have

been reported in the literature.

2, . Effects of the Presence of1CarbohydfateSzon the -Oper-

‘ation-of the'Activated‘SludgefProceSsésv

The presenece:of 1arge-amoﬂnéé-of carbohydrates has been
cited to be the cause for various operational difficulties
‘at treatment plants. Smith (9, 10) has indicated that over-
loading with carbohydrate wastes causes bulking. He pointed
out that the possiblevreason'for the bulking of:sludge is

that overloading could reduce the dissolved oxygen concen-



TABLE I

AMOUNT OF CARBOHYDRATES CONTAINED IN VARIOUS WASTES

v _ ~Amount or  Refer-
Waste Carbohydrate Value’ ence
Domestic Sewage - Carbohydrates 240 mg/1 (1)
i Beet. Sugar Wastes
- Flume Water Sucrose 100 mg/1 (2)
Process Waste Water . Sucrose 1500 mg/1 (2)
Dairy Wastes
Whole Milk . Lactose 4.8 % (3)
Pineapple Processing
Composite Samples - Sugar  2000-5000 mg/1 (4)
Rice Wastes © Starch - 1200 ppm - (5)
Pulp and Paper Mill Wastes R
Sulfite Waste Liquor  Sugar. 16.9 %* (6)
Semichemical Soda-
pulping Wastes " Pentosans 18.9 % of BOD = (7)
Jute Cooking Liquor " Complex: Poly- :
saccharides 10.9 %%* - (8)
Rope Cooking Liquor t 10.6 9%k (8)
Rag Cooking Liquor " 3.6 %** _ (8)

%
x+x0f total solids, bone-dry basis
“of volatile matter :

tration in-the'aerétor'or could cause a pH drop creating
conditions favorable for the predominance of filamentous
organisms., However, Ingols and Heukelekian (11) have shown
that at high glucose concentratibn, when excessive amounts
of suspended solids concentrations were present in relation
to feed concentration, and with an abundant’supply'of nitro-
gen source, sludge bulking may not occur for a relatively

long period. When the bulking SludgeﬂeXists, usually the
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sludge.volume index will increase enormously and the sludge
will not settle in the final clarifiers, The above cita-
tion emphasizes the fact that the control of sludge bulking
is one of the most important problems concerning the suc-

~cessful operation of the activated sludge process.

3. Sludge Production: with Carbohydrate’Substrates

~ As early as 1949, Monod (12) showed that the relation-
"ship between substrate consumption:and protoplasmic éccu-
mulation for a given organism is a constant for a given

- substrate under similar conditions. This relationship is

" known: as the_"yield coefficient" (Y)., Considerable work
"has been conducted in regard to the sludge production for
carbohydrate substrates. SaWyer'(13) has "reported that 44
“to 64 per cent of carbohydrate-substratesywould be expected.
to be - channelled into cell synthesis. Placak and Ruchhoft

- (14) have shown»avslﬁdge yield of 65 to 85 per cent. Rao
and Gaudy (15) reported 48 to 82 per cent, and concluded

- that the variation in yield might'bé due to predominance or
selection of'species. Rao (16) also emphasized that sludge
production depends mainly upon the biochemical activities
-of the sludge. Thérefore, when dealing with predominantly
~heterogeneous populations, the biochemical activities of
the predbminating species should be considered in making;ény

comparison of sludge production for any particular waste.

-B. Metabolic ControliMechanisms

Since the activated sludge process is essentially a



biological process, it is appropriate and necessary to
‘review: the current knowledge of basic metaboiic control
mechanisms which-areboperative,in‘bacteria and thus oper-
ate in activated sludge systems. A bacterium has the
genetic capability to produce a specific spectrum of
-enzymes, This basic capability for enzyme synthesis can
be induced or repressed by a change in the external environ-
ment. The two phenomena are known as enzymevinductionvand
enzyme repression. The essential similarify of these two
processes has been explicitly investigated by Jacob and
Monod (17), who have presented the repressor-operator
‘model for the regulation of enzyme synthesis. Enzyme
induction is defined as the increase in the specific rate
-of enzyme synthesis upon addition of some nutrients,
usually, but not necessarily, the‘substrate of the enzyme

- (18). While'enzyme'repressiqn is defined as the decrease
-in. the rate of synthesis-of a particular enzyme or group of
metabolically related enzymes (19), usually enzyme repres-
"sion results from the presence of certain compounds in' the
-cells, These substrates are called "repressors."

If repression and induction functioned efficiently,
one would anticipate that the activities of the enzyme(s)
in the living organisms would be nearly as fast as their
maximum possible - rates of action. From the applied stand-
point such processes: could play an important role in con-
trolling the acclimation of activated sludge to various

‘waste components.



Recently, Gaudy (20) has discussed the mechanisms of
enzyme synthesis, induction and repression in both syn-
thetic and catabolic pathways, feedback inhibition in bio-
synthetic pathways and a new mechanism, proposed by Gaudy
and his co-workers, for feedback inhibition of enzyme
activity in degradative pathways, The diagrams and the
manuscript which are given below are taken from Gaudy's
research seminar presentations at Notre Dame University,
and the University of North Carolina (20).

"Figure 1 is a diagrammatic representation of the
mechanism for the synthesis of proteins of specific
amino acid sequence (enzymes). The double-stranded
DNA molecule is held together by specific H-bonding
between the base pairs adenine-thymine and guanine-
cytosine., If the living cell is considered analogous
to a factory or manufacturing plant, the DNA may be
considered as the master blueprint for all products
produced in the factory. Indeed, it is the master
blueprint for the production of an entire new factory.
In the synthesis of new protein, one strand of DNA is
copied to form a molecule of messenger RNA (mRNA).
RNA is formed through the pairing of specific bases
adenine-uracil and guanine-cytosine, Again, using
the factory analogy, this single-stranded messenger
RNA may be considered as a disposable shop copy taken
from the master blueprint. Each triplet, i.e., three
bases in series, provides the code for a specific
amino acid in each protein to be manufactured by the
cell, This code, which is now embodied in, or carried
by, the messenger RNA, is translated to form protein
with specific amino acid sequence by pairing specific
bases on the messenger RNA with complementary bases
on amino-acyl RNA (amino acid transfer RNA). In
Figure 1, a molecule of amino acid transfer RNA is
shown "docked" in proper position, at a molecule of
messenger RNA, The specific amino acid which is to
be joined in peptide linkage to another molecule of
amino acid is shown at the other extremity of the
amino acid transfer RNA, To make the sequence of
amino acids in protein, another molecule of amino
acid transfer RNA carrying the triplet GGU will pair
with the triplet CCA on the mRNA, placing the two
amino acids in the proper position to form a peptide
bond. The formation of the peptide bond between the
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AMINO ACID
DQUBLE STRAND OF DNA, HELD TOGETHER BY SPECIFIC
H-BONDING BETWEEN BASE PAIRS ADENINE-THYMINE AND
GUANINE-CYTOSINE (MASTER BLUEPRINT)_
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L 1 1 | | ] 1 1 1 1 ] 1 1 ]
ONE STRAND OF DNA IS COPIED TO FORM MESSENGER RNA (mRNA)
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"CODE IS TRANSLATED TO FORM PROTEIN WITH SPECIFIC AMINO ACID SEQUENCE BY PAIRING
SPECIFIC BASES ON mRNA WITH CCMPLEMENTARY BASES ON AMINOACYL-RNA (AMINO ACID TRANSFER

RNA) . EACH TRIPLET (THREE BASES) CODES FOR A SPECIFIC AMINO ACID,

Fig. 1 - MECHANISM FOR SYNTHESIS OF PROTEINS OF SPECIFIC AMINO ACID SEQUENCE
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. two amino acids will be catalyzed by a specific
- enzyme, The entire process will be repeated until the
protein molecule is formed.

According to the “"operon® model of protein synthesis,
the information, or code, for the manufacture of spe-
cific enzymes for a particular metabolic pathway is
~gsequentially strung along the DNA molecule., The DNA
- gsegments which code the amino acid sequence for each
protein are called “structural genes,'" Figure 2 shows
.a diagram of the operon model for synthesis of enzymes
. required to catalyze the hypothetical pathway shown in
. the figure,  8Gy, SGy, SGg, and SG4 are structural
genes, that is,. segments of DNA carrying information
specifying structure (amino acid sequence) for enzymes
-1, 2, 3, and 4 of the biochemical pathway. E is the
-final product of the pathway, and each reaction: is.
catalyzed by a specific enzyme, The segment of DNA is
copied, as was shown in Figure 1, to form:one molecule
of messenger RNA. ‘Under the operon model, copying
-must begin at O, the operator, shown at the left of
the sequence of structural genes along the DNA mole-
cule, This segment along the DNA molecule including
. the operator and the structural genes is called the
. “operon' for ' the pathway producing the product E, If
the operator, O, is blocked, messenger RNA cannot be
- made and enzymes 1, 2, 3, and 4,cannot be produced.
- Let us assume that the particular cell under question
has the genetic capability to use substrate A in the
- pathway and produce product-E,  Let us further assume
that substrate A is not present in the medium; there-
fore, the factory would be uneconomically run if the
enzymes for this metabolic pathway were manufactured,
. and there must be some metabolic control mechanism
whereby the cell can prevent their manufacture, ' Such
-a mechanism for genetic repression:of an. inducible
- degradative pathway is shown in Figure 3, In this
-model, the operator is controlled by the "regulator
gene,' RG, which produces a molecule of active repres-
"sor,- R, possessing the capability of blocking O, and
thus the synthesis of messenger RNA., If inducer I
(substrate or a compound of similar structure) is
added, the repressor, R, is inactivated by combination
~with the inducer, producing inactive repressor, R',
which cannot block the operator, and the required
enzymes for the pathway are synthesized.

Now, let us assume that the hypothetical pathway with
which we are dealing is a biosynthetic one, i.e., one
which requires an input of energy and leads to the

- production of, for example, a structural component of
the cell, To make the factory efficient, there must

be some way to shut off the production of this syn-
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SG  SG SG. SG
1 %4 1 2 . 3 ' 4 :

5G,, SG2, SG3 AND SG4 ARE STRUCTURAL GENES, THAT IS, SEGMENTS OF DNA CARRYING
' INFORMATION SPECIFYING STRUCTURE (AMINO ACID SEQUENCE) FOR ENZYMES 1, 2, 3

AND 4 OF A BIOCHEMICAL PATHWAY,

E IS THE FINAL PRODUCT OF THE PATHWAY AND EACH REACTION IS CATALYZED BY A
SPECIFIC ENZYME,

ENZ ENZ, ENZ4 ENZ,

1
> B aC aD = E

THE SEGMENT OF DNA IS COPIED TO FORM ONE MOLECULE OF MESSENGER RNA. COPYING
MUST BEGIN AT O (OPERATOR), THE SEGMENT INCLUDING THE OPERATOR AND THE
STRUCTURAL GENES IS THE OPERON FOR THE PATHWAY PRODUCING E,

IF 0 IS BLOCKED, MESSENGER RNA CANNOT BE MADE AND ENZYMES 1, 2, 3 AND 4
CANNOT BE PRODUCED,

Fig. 2 - OPERON MODEL OF PROTEIN SYNTHESIS.

RG 0 5G4

R+1 e————au R

IN THE ABSENCE OF A SUBSTRATE, ENZYMES SPECIFIC FOR ITS DEGRADATION ARE
NORMALLY REPRESSED. ACTIVE REPRESSOR, R, PRODUCED BY THE REGULATOR
GENE, RG, BLOCKS SYNTHESIS OF MESSENGER RNA, IF INDUCER, 1 (SUBSTRATE

OR A COMPOUND OF SIMILAR.STRUCTURE) IS ADDED, THE REPRESSOR, R, IS
INACTIVATED BY COMBINATION WITH THE INDUCER, THE INACTIVE REPRESSOR,
R', CANNOT BLOCK THE OPERATOR AND THE ENZYMES ARE SYNTHESIZED.

Fig. 3 = GENETIC REPRESSION OF 'INDUCIBLE DEGRADATIVE
PATHWAY,
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thetic product when the proper amount has been made.

A diagrammatic representation of the repression of
this biosynthetic pathway is given in Figure 4.
Accumulation of the final product, E, in the cell
through overproduction (or from addition of compound E
to the medium) represses synthesis of the enzymes
specifically involved in the production of E., 1In this
case, a regulator gene (RG) produces, normally, an
inactive repressor, R', which is activated by reaction
with E, This reaction produces:active repressor, R,
~which attaches at the operator, O, blocking formation
. 0f the required molecule of messenger RNA.

Thus far we have seen (Figure 3) how an organism can
shut off or turn on the synthesis of enzymes required
to obtain energy from a particular starting material
(substrate) and (Figure 4) how an organism can. "shut
down'' the production line when it has produced enough
of a particular product which it requires. However,
one might ask, how. does:an organism when presented
with two (or more) carbon sources, possess the ability
to grow first on one then on another, thus exhibiting
the pehnomenon of sequential substrate removal? Very
often in studies using multicomponent media, one of
the substrates used is glucose. The fact that in
nearly all cases glucose blocks growth on other com-
pounds has led to the use of the term '‘glucose effect”
in describing the sequential removal phenomenon, How-
ever, compounds other than glucose have been observed
to cause similar effects, and the more general term

- “"metabolite repression' has been suggested by McFall

. and Mandelstam (21). This type of control of enzyme

» synthesis is shown diagrammatically in Figure 5. Here
- we see the operator controlled by the mechanism which
was shown in Figure 3, and in addition, another over-
riding control emanating from the action of another
regulator gene, RG,. RG, is the metabolic regulator
gene which produces an inactive repressor, R'. RG, is
the genetic regulator gene (shown in Figure 3), which
produces an inactive repressor subject to imactivation
by an inducer, As we have:seen before, the genetic
repressor is inactivated in the presence of the sub-
strate of this particular enzyme sequence., Now, let
us- assume that a second, more rapidly metabolized sub-
‘strate is also present, and that P is a common product
formed from both substrates. In this case, the
inactive repressor, R', produced by the metabolic reg-
ulator gene RGA, combines with P to produce an active
~repressor, R, preventing production of enzymes for
degradation of the more slowly metabolized substrate.

Thus far we have seen how the cell can control the
synthesis of enzymes reguired for a particular meta-
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RG 0 Gy SGqg SGy SG4
y;) . 1
1 1 A | I 1 |
R' + E=~R
ENZ ENZ ENZ4 ENZ,
A X s 2 - D - E

ACCUMULATION OF THE FINAL PRODUCT, E, IN THE CELL, EITHER FROM THE MEDIUM
OR THROUGH OVERPRODUCTION WITHIN THE CELL REPRESSES SYNTHESIS CF ENZYMES
SPECIFICALLY INVOLVED IN THE.PRODUCTION OF E,

THE REGULATOR GENE (RG) PRODUCES AN INACTIVE REPRESSOR, R', WHICH IS
- ACTIVATED BY REACTION WITH E, ACTIVE REPRESSOR, R, ATTACHES AT OPERATOR,
0, BLOCKING FORMATION OF MESSENGER RNA FOR THE OPERON,

Fig. 4 —.REPRESSTON~OFEAMBIOS¥NTHETIC PATHWAY.

RGA RGB (o] 5Gy 5Gq . 5Gq

: 1 1
1 ¥ I T T T 1
I . i .
R+I_..R'

-
=
.

L

"—'hR' + P - = R

RGy IS THE METABOLIC REGULATOR GENE WHICH PRODUCES AN INACTIVE REPRESSOR, R',
RGg IS THE GENETIC REGULATOR GENE WHICH PRODUCES AN ACTIVE REPRESSOR, SUBJECT
TO INACTIVATION BY AN INDUCER,

IN THE PRESENCE OF THE SUBSTRATE OF THIS ENZYME SEQUENCE, THE GENETIC REPRESSOR
IS INACTIVATED, IF A SECOND, MORE RAPIDLY METABOLIZED SUBSTRATE IS ALSO
PRESENT, AND IF P IS A COMMON PRODUCT FORMED FROM BOTH SUBSTRATES, THE INACTIVE
REPRESSOR, R', IS COMBINED WITH P TO PRODUCE AN ACTIVE REPRESSOR, R, PREVENTING
PRODUCTION OF ENZYMES FOR DEGRADATION OF THE MORE SLOWLY METABOLIZED SUBSTRATE.

Fig. 5 - METABOLITE REPRESSION OF ""GLUCOSE EFFECT,"
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bolic pathway in the presence of sole or multicomponent
carbon sources. We have also seen how the cell can

- stop the production of the tools (enzymes) it needs

to make a particular synthetic product when it has pro-
duced enough of this product. Let us suppose that
enough of this biosynthetic product has been made,

and that the mapufacture of enzymes needed to produce
this synthetic product has been stopped. We have yet
to see how the cell stops using the tools (enzymes)
which it has already manufactured to make the partic-
ular product which it no longer needs to make. For
biosynthetic pathways there is a rapid control mech-
anism which accomplishes. this feat. This type of
control has been termed ''feedback inhibition” and is -
diagrammatically shown in Figure 6, Here we. see again
the hypothetical pathway starting with substrate A
leading to product E, Accumulatibn of E in the cells
prevents further synthesis of the -enzyme specific for
its production by the repression mechanisms previcusly
discussed, and also immediately inhibits further for-
mation of E by inhibiting the activity or the function
of the first enzyme in the pathway, The product E
combines with the enzyme at'a site near to, and prob-
ably -overlapping, the site at which substrate A must
be bound (allosteric inhibition), preventing the bind-
~ing of~A, i.e., preventing the formation of the enzyme
‘substrate complex,: This mechanism prov1des for a very
‘rapid cessation of the production of a particular
product.,

We may ask if such a rapid mechanism could also exist
for the cessation of the use of a particular sub-.
strate, il.e., does a rapid mechanism exist for degra-
dative pathways? Based upon work in our own labor-
atorieb, using both heterogeneous and pure cultures
‘of mxcroorﬂam1sms, we have concluded that such a mech-
anism does iandeed exist, Oux pzoposed mechanism is
shown diagrammatically in Figure' 7h Let us assume
that D is a metabolic intermediate or degradative
‘product made duriang degradation of either substrate A
or, for example, glucose, Both substrates are metab-
O]l?@d via different pathways, but D is an inter-:
‘mediate common to both., Let us assume that D is pro-
-duced more rapldly from glucose, and that as it
accumulates as ‘a result of this rapid breakdown of
glucose, it inhibits the activity (via allosteric
inhibition) of the first enzyme responsible for break-
down of substrate A, preventing any further over-
‘accamulation of D, The existence of such a mechanism
explains the experimental observation of sequential
substrate removal in systems containing high concen-
trations of cells.prevwiously acclimated.to:substrate-
‘A, and observations of sequential bubstxate removal
in n@npruiifuraflng Systemb ©
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ENZ - ENZ,, “ENZg ENZ 4

A ecsos B mos C etoee D e E

ACCUMULATION OF E IN THE CELL PREVENTS FURTHER SYNTHESIS OF
THE ENZYMES SPECIFIC FOR ITS PRODUCTION (REPRESSION) AND ALSO
IMMEDIATELY INHIBITS FURTHER FORMATION OF E BY INHIBITING THE
ACTIVITY OF THE FIRST ENZYME OF THE PATHWAY, -

E COMBINES WITH THE ENZYME AT A SITE NEAR TO, AND PROBABLY OVER-
LAPPING, THE SITE AT WHICH SUBSTRATE A MUST BE BOUND (ALLOSTERIC
INHIBITION) , PREVENTING THE BINDING OF A,

Fig. 6 - FEEDBACK INHIBITION IN BIOSYNTHESIS.

r
'EN;1 - ENZ,

SUBSTRATE A s——————fm B = om——me——2s

GLUCOSE =————eetm ¥ etm Y  centom 7

PRODUCT D IS FORMED DURING DEGRADATION OF EITHER SUBSTRATE, BUT IS
PRODUCED MORE RAPIDLY FROM GLUCOSE, D ACCUMULATES AS A RESULT OF
THE RAPID BREAKDOWN OF GLUCOSE AND INHIBITS ACTIVITY OF THE FIRST
ENZYME RESPONSIBLE FOR BREAKDOWN OF SUBSTRATE A, PREVENTING FURTHER
OVER-ACCUMULATION OF D, '

Fig, 7 - FEEDBACK INHIBITION 'IN DEGRADATIVE PATHWAY
ROPOSED 'MECHANISM) ., °
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Gaudy and his co-workerS'(ZZ,.235}24;;25) have shown
conclusively'that,Sequenfialnsﬁbstraféiyémoval can occur in
hetEfpgeneous‘populatioms,.and this‘find;ng haslbegp.coné
firmed by Prakasam and Dondefo (26), and.by Stumm—
‘Zollinger (27). .The fact that sUbstrates“infavwastewater
or growth medium can incite>fair1y'rapid‘rgsponsevand cause
>sequential.substrate removal for'entire,héterogeneous'pop_
‘ulations has:significaht,ramifications'to;the water pollu-
- tion control field,vsince”sequential“suﬁstrateiremoval'can
cause‘sbmeWhatisevefelkinétic'discontiqyiﬁies-in the'fate
rof~wastew§ter-purification, ,ChangeS'inmthe’types of com-
“pounds contained in:incoming*wastewafé?éfto biological
treatment procésses have.  been: termed "qualitative" shock

loads.,

-C. vRésponses to Qualitative Shock Loads

A:qualitative“shock load may be defined as-a change in
chemical'structuréﬂof the‘incoming'sqbsfrate*(28). Accoxrd-
ing to Natarajan .{(29), the followinguare possib1e'respdﬁses
when carbonmsource'changes-from:A;‘Which'is being actively
degraded, torB:‘ -

'1)4increase'in the wrate of degradation of A'and degra-—
-dation of B;

2) no change in the rate of degradation-of A and
degradation of B;

é) increase in the rate'of degradation of A and no

vdegradat%pnﬁ@f‘B;
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4) decrease in the rate of degradation of A and degra-
dation of B; |

5) no change in the rate of degradation-of A and no
degradation of B; |

6) decrease in the rate of degradation of A and no
degradation of B; ‘

7) stoppage of degradation of A and degradation of Bj;

8) stoppage of degradation of A and no degradation of B,

In order to eliminate undesired respounses and to attain
the desired responses in activated sludge processes, it is
necessary to understand the effects of control mechanisms
‘on the substrate utilization,

Gaudy (3) has indicated that thefe‘are three possible
mechanisms by which a heterogeneous population which has
‘not been previously acclimated may successfully respond to
.a qualitativé shock 1oading. These are Selection of spe-
cies, shift in metabolic péth@ay, and induction of required
enzymes, He has also reasoned that thé total response of a
heterogeneous population to the qualitative shock load could
be a combination of the response of the three. types, and

they could occur simultaneously but interdependently.

D, Kinetics of Microbiological Growth and Substrate

Utilization

1. -Exponential'trowth»and.Exponential Substrate Utilization

The increase of microorganisms in a system is. .generally

exponential, when the amount of substrate is very large com-
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pared to the amouht of microorganisms present, such as in
the early stages of cultivation starting with a small
inoculum. In this case, the kinetics of microbiological

growth can be expressed as follows:

%% =M x | | (1)
ﬁLt = 1n (x/xo) ' ' (2)

where.g%»is the rate of change of cell concentration, }Lis
the specific growth rate (tiheml), xb and x are the concen=-
trations of cells initially and at time t.

The decrease of substfate is exponential, when the
amount of\micrOorganisms is very large compéred to the
amount of substrate such as in later stages of cultivation
or in the case where a large inoculum is used. During this
phase, the.reaétion is first order in the case of s; it is

expressed as

ds _ . ., | |
t

fi

k In (s_/=) o (4)

"1
where - g% is the rate of substrate utilization, k, is the
specific substrate removal rate, 8o and s are the concen-
trations of substrate initially and at time t.

; As the avéilable food supply ié exhausted, a negative
acceleration phase exists. ' Usually this phase is called
the»”deplinigg” growth phase, in which the microbiblogicél
growth rate and the substrate remcval réte-are'still

expressed by a first order reaction. But EQanionS,(l) and

(2) become as follows:
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g%_ = Cex o - (5)

Cet = In (x/x) | _ (6)
where:C is-é“variable’function»of fémaining food. While
substrate removal is expressed by the following relation-

ship |

S8 g ks - @

Kéex«t = 1n (so/s) : (8)

where'Ké is logarithmic substrate removal rate when the

.growth rate becomes substrate concentrati0n dependent.

2., Linear Growth»and,Linear'Substrate'Utilization

Fujimoto=(33) has:proposed that ‘when a substrate of
low -solubility is supplied, the growth rate is determined
by diffusion of.substrate-in,the‘medium. If the supply of
such a substrate is sufficient, the amount of the "actual .
useful substrate in the medium is kept constant throughout
the cultivation without any relation to the microorganisms,

For this case he derived the following equation:

dx _ X
at ~ M e , (5)

‘where k is constant.  If the amount of microorganisms is

very large, then is held constant and therefore

—x
1 + kx .
the cell growth:rand also the substrate consumption is
-linear and the'rate-is zero order,
According to,Krishnan,and Gaudy (34) , the substrate

consumption in batch systems follows zero order kinetics

under three sets of conditions; in systems with high-solids
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and an adequate nitrogen supply; in systems with no external
nitrogen supply; and in systems in which protein synthesis
is inhibited. Zero order consumption of substrate may be
expressed as:

- = = Kk ' (8)
This equation states that substrate consumption rate is

independent of the substrate concentration,

3. Kinetics of Substrate Consumption as Related to Growth

The relationship between bacterial growth and substrate

consumption can be -expressed by the equation
y = - dx : : (7)

where vy is known as the yield coefficient.
Combinations‘bfrEquationst(l) and (7) gives an expres-
‘sion that'describes the rate -of substrate consumption as

related to growth

_ds . ‘%L_) . | | ®

dt
If the substrate is maintained at a concentration higher
thah the growth'rate 1imifing éoncentration, the specific
growth cdnstant, fL, can be kept constant. .If y is also
assumed to be constant (e.g., .y~ 0.5), Equation (8) reveéals
that the rate of*substrate consumption is -proportional to x.

From Equation (2) we get
X = xoe}Lt (9

‘The -combination of Equations -(8) and (9) gives
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Q.

voi xoe FLt o (10)

0,

t

This equationtshowsvthat:if the initiél cell concentration
dis small in domparisoﬁ with the substrate concentration,
the rate‘of~Substrate consuﬁptibn increases logarithmic-
‘ally withitime’in accordance'with‘the_1ogarithmic increésev
of cell conbentration.~ Upon integration of Equation. (10),

we get

A = 1+ef‘l‘t) N | (11)

o
-2
5

where ~As is.the substrate;consumed‘at any time., There-~

fore, a plot-bf log (_ZXS)_Versus time gives a 1inear
relationship for t42>0._,Stumm—zdllingerj(27;v35) has shown .
that the slope of the curve is related‘to the specific
‘growth rate .constant gnd»cofreSpgnds toithe slope.ofthe . .

semilogarithmic biological growth curve.



CHAPTER II1I
MATERIALS AND METHODS

A. Substrate Selection and Combination

Monosaccharides and disaccharides are two major sub-
divisions of carbohydrates. This investigation'involved
seven monosaccharides and four disaccharides. The mono-
saccharides used were two aldopentoseS‘(xylose and lyxose),
two ketohexoses"(fructose and’sorbose),vand three aldo-
hexoses :(glucose, galactose, .and mannose), The disacchar-

ides used were

sucrose a —glucosido-l,Z—Lg—fructoside
’maltosé thgluqosido—1,4-g1ucose
cellobiose (3 -glucosido-1,4-glucose
K}~lactose K}-galactosido;l,4~g1ucose

The hydrolysis of these disaccharides results in the cleav-
age;of.the_component hexoses; Some basic data for these
carbohydrates are listed in Table TII,

For the first series of experiments, xylose -and
lyxose were selected for combined study with nine other car-
bohydrates {(i.e., combined singly to make nine different
two»component.systems); rHowever5'thevresu1ts of -the lyxose-

glucose syétem showed that no'glucose—aCCIimated%sludges

22



: TABLE 1I
BASIC DATA ON CARBOHYDRATES STUD

R » Hexoses :

Carbohy- : yielded on ~Natural ‘Method of

drate ggsmaﬁtjgggL;@;; Hydrolvsis Source Determipation
aldo- CH, 0 T fﬁ N B

xylose pentose -5 10 5__, memem ,wood gums orcinol test

_ . aldo- C '

iyxose’ pentose SHEG 3 e heart muscle ' orcinol test

o - ‘keto~ C H 0 fruit juices, honey, hydrol-

fructose hexoge 12 6. - ysis of cane sugar resorcinol test
keto- C H. .O:" juice of mountaln-ash

sorbose hexose 612 6 oo fruits resorcinol test
aldo~ C.H . .O. fruit Julces hyd;olysis .

glucose hexose 61276 e of starch and cane sugar glucostat test
“aldo=- C H o I . T - o

galactose hexose 12 6 . e hydrolysis of lactose galactostat test
‘aldo- CcH .0 _ hydrolysis of plant T

mannose hexose 512 6 o e e mannesans and gums anthrone test
disaccha%’ glucose . diastatlic digestion or

maltose - ride (re- 12ﬂ22:11 o+ hydrolysis of starch anthrone test
ducing) " glucose - i ’
disaccha~ ~ _ 0. ~glucose . . -

lactose ride (re- 12H22 11 4 milk anthrone test
ducing) galactose

A disaccha- C.H 0 - glucose cane and beet sugar, sorg- anthrone

sucrose ride (non-"12"22711 @ + hum, pineapple, carrot or
reducing) fructose root resorcinol test
-disaccha- C. H .0 - glucose . o T '". L . R ‘

cellobiose ride~ 12722711 + - hydrolysis of starch anthrone test
-{reducing) - glucose

€2
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could employ lyxose as the sole carbon source, Therefore,

-sorbose was used instead of lyxose in this investigation.

B. Cell Acclimation

Bactérial populations were -acclimated for the-folloWing
purposes:

1) production of the‘necessary enzymes either through
activation of latent characteristics>(enzyme"induction); or
through genetic éhange*(mutation);- |

2) selection of the species- which can best utilize the

‘substrate under the given environmental conditions (36).

1. Development of Young Cells Population for 'Low Initial

Inoculum Studies

A sewage seed was obtained from the effluent of the
‘primary clarifier of thé sewage treatment plant‘in Still-
water, Oklahoma. ' The sewage was used_fo seed a 250 ml
Erlenmeyer flask which contained 5 ml of sewage seed, 25 ml
~of standard-synthetic.medium, about 50 mg of substrate (the
'carbthdrate‘to which the sludge would be acclimated), and
sufficient distilled water to yield a final volume of 350 ml
of reaction fluid. A standard synthetic medium was pre-
pared to provide the culture With the concentration of the
compounds shown in Table TII, The flask was aerated at
room temperature*Q;ZZQC) on a reciprocal shaker at 100
strokes/min for 36 hours. After 36 hours, 10 ml of the
mixed liquor were-transferred to-500 ml of freshly prepared

‘synthetic growth medium of the same compesition as that
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!

TABLE III.

- STANDARD -SYNTHETIC "MEDIUM

Constituent , Concentration
'(NH4)2804 | 500 mg/1
'MgSO,.7H,0 L 100 mg/1
FeCl,.6H,0 o 0.5 mg/1
‘MnSO,, ,H,0 - 10,0 mg/1
CaCl,, I 7.5 mg/1
1.0 M Potassium Phosphate - ‘10,0 mg/1
. Buffer, pH 7.0 © . : '
(KH2P04~52.7 g/1)
f(KéHPO4-107 g/l)‘ |
Tap Water (Trace Elements) ‘ 100 ml/1

Distilled Water L -~ to volume

described above. Then this mixed liquor was distributed
into seven or eight 250 ml Ehrlenmeyer flasks, and again
~aerated, After approximately 18 houfs, the heterogeneous

:populations were used to seed the experimental units.

2. Development,of Young Cell Populations for High Initial

Inoculum Study

Galactosemacclimated cells weré uééd in this study.
In.order:to'develop>a,galactose4acclimated'sludge'with'a
large poputation and to prolohg_the‘log growth phase, a
ﬂspeciai batch culture unit was operated. The cells
‘obtaingd from the acclimation unit were inoculated into a

fresh batch containing the same'megium,useq_for acclimation,
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except that the conéeﬁtration.of»galaCtose was increased
‘five—fold, the buffer concentration was’ tripled, and the
‘salts‘concéntrationsvwere doubled. After approximately is
hours of ihcubation,‘the cells were harveSted by centrifu-
gation and ‘washed once in 0,05 M phOSphéte buffer, Then

the cells were used to seed the experimental batch units.

C. NMethodS»bf-AnélySis

Periodic sampling and subsequént analyses for specific
carbéhYdrafe content and total substrété'rémoval were
employed‘to’examine-the.bioldgicai rééponSe:bf each system

‘during the time course of:the-experimeht;

1. Biological Solids Determination

as thical»Dénsity

To facilitate the estimation of biological growth,
optical’density.measurement was employed to evaluate ‘the
-grOth pattern of each system, This method is well known,
having beenveXtensively uéed'to evaluate'the relative tur—
‘bidity of colloidal suspensions. A correlation table of
optical density (OD) and the perCentégevof light transmit-
tance (%T) which had been prepared using the equation
D = wlogld T, was used to facilitate the measurement of
optical deasity. All measurements were made at a wave
'1ength(if540nqi; using 19 mm_diameter tubeS'in a Bausch and

Lomb spectrophotometer.

b. Membrane Filter ‘Technique

In order to estimate the initial and peak biological
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solids concentrations, a correlation curve of biological
solids concentration and optical density was made for the
heterogeneous populations. The curve is shown in Figure 8,
As xylose and sorbose had been used in combination with nine
other carbohydrates, xylose-acclimated, sorbose-acclimated,
and glucose-~acclimated cells were nafVésted from batch tubes
and diluted fo obtain various solid concentrations, The
solid concentrations'were‘determinéd by the membrane filter
techniquo'(39). Very light aluminum dishes (weighing
approximately 0,2 g) were used to hold the Millipore filters.
Filters were dried for two hours at'103°C, and equilibrated
‘in a desiccator over night prior to obtaining the tare
weight. Before final weighing, the same heating and desic-
cating procedures were followed. The-optical.dénsities

were measured on the Bausch and Lomb Spectrophotometer,

;2. Substrate Determination

a, Chnemical Oxygen Demand (COD)

Total substrate removal was determined in accordance
with the procedure given in Standard Methods (37). Potas-
sium dichromate (0.25 N) and concentrated sulfuric acid
were used. Silver sulfate was'used at all times as cata-
lyst.

Although the COD test does not differentiate between
biologically oxidizable and biologically inert organic
matter, it is widely uSed'in_the operation of treatment
facilities because of the ease and speed-in-optaining use-

ful information on the behavior of the system, and its
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DENSITY FOR HETEROGENEOUS POPULATION.
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helpfu}nessein indicating‘the presence of biologically
resistant organic»substance (38).. However, .in the studies
of sequential substratexremoval, the total COD could not be
used:as*a-measure of specific substrates. Hence, both
nonspecific (COD) test and mere'specific analyses for car-

bohydrates were used in this study,

b. quthrone‘Test (Total Carbohydrate)

The anthrone test was used to measgxe carbohydrates,
such as mannose and lac;ose,'which'haee no specific method
for determination. The procedure employed was outlined and
modified by Gaudy and hiS"associates'(39?ﬂ40). The amount
of anthrone was increased to 9 ml to eliﬁinate clouding of
the sample, which sometimes occurs during er'shortly'after
the boiling period. .In the combined and-shocked unite, the
‘concentration of carbohydrates for which there were no
specific chemical methods of analysis, were determined
approximately by subtracting the concentration of the'other:
compound {(determined specifically and converted to a COD
value) from the total carbohydrate COD, vThe'difference
between'tetal carbohydrate COD as measured by the anthrone
»'test, and the COD due to the componentias-meaSured by a
spe01flc analvtical method can only be taken as the COoD
-due to the other specific component plus carbohydrate inter-
mediates, Specific intracellular products of intermediary
metabolism are sometimes excreted into the extracellular
environment:(ﬁl%, This . aspect will-pe discussed more. fully .

in the results chapter.
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c. Glucostat Method (Glucose Determination)

Glucose ‘was determined by the glucostat test, which is
‘quite specific for glucoese. This enzymatic determination
was run in accordance.with the manufacturer's specifications,
and ‘standard method 1-A was employed (42, 43); The calcu-
lation of glucose*concentrati@n in the samplés.was based on
glucose .standards covering the rangevfrom;0,05 mg to 0,3 mg

glucose,

d. Galactostat Test (Galactose Determination)

Since the galactostat tést is vefy:gﬁecific for galac-
tose, determination of galactose concenttation.by this
-enzymatic technique was more suited fordﬁhe present'study
than the conventional anthrone test. Thg test was per-
formed in accordance with the procedure outlined by the
'Worthington Biochemical Corporation (44), The procedure is
‘as followsz |

1) dissolve contenfts of chromogen vial in 0.5 ml meth-
‘anol and add distilled water to 30 ml;

'2) dissolve contents of galactostat vial in distilled
water and .add to the chromogen‘solutioh, and adjust the
final volume to 50 ml with distilled water;

3) stofe'in'a.dérk bottle and keep in the dark;

4) dilute sample solutions and standard galactose so
that they contain 25—100;ig-in 2.0 ml;

5) add 2.0 ml galactose reagent to each -standard and
'sampié’tupe; 

- 6) incubate in a 37°C water bath for one hour;
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7)add 6.0 ml of 0,25M glycine buffer, pH 9.7, to stop
the reaction;

8)read optical density at425quwith'fhe reagent blank
set at 100 per cent transmittance.

The calculation of galactose concentration is similar
to the calculation of glucose concentration, The standard
curve fordgalactose solutions should Covgr‘the range from

0.02 to 0.12 mg galactose,

e, Orcinol Test (for Xylose and Lyxose)

This method, firSt’prOpdSedvbf Bial, has been exten-
sively studied in a number of laboratories. The most
widely used'modification for pentose determination is that
'offMejbaﬁm (45), and it is the basis for the procedure used
in the Bioengiﬁeering Laboratories of Oklahoma State Univer-
sity. The»procedure is outlined as followé:

1) add 2 ml of 10% FeClS.6H2O to 400 ml of concentrated

HC1l to compose the HC1-FeCl, reagent;

3

2) dissolve 0.4734 gm of orcinol in 10 ml of 95%
alcohol to make up the alcoholic-orcinol solution;

3) dilute pentose stock solution and samples with dis-
tilled water so that 3,0 ml contain 10-30;Lg pentose;

4) add 6.0 ml of HCl--FeCl3 reagent to each tube
including a reagent biank, at least three standards and-
samples;

5) add 0.4 ml of alcoholic~-orcinol solution;

6) heat the-tubes for 20 minutes in-a~bo%ling water

bath;
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7) cool and read optical density at a wave 1ength‘6f
IGGOnVLwiﬁithe reagent blank.setiat’100% transmittance;
| The calculation of pentose cbncentrétion is similar to
glucose except'the standard curve covers the‘ranée from

0.01 to 0,025 mg of pentose,

f. Resorcinol Test (Fructose, Sorbose, and Sucrose)

T

This method, described by Roe in 19?4,-was employed to
detefmine'the quantity of'ketohexosés éuph_as fructose and
sorbose, A great many'improvements aﬁé>m0§if10ations have
been reported'fn_adapting the test for‘ketohexose'determi~
hation. The later modification performed in this study is
given here, The procedure -is as follows:

:1) to prepare resorcinol reagent, dissolve'o.l g of
resorcinol and 0.25 g of thiourea into 106 ml of glacial
acetic acid; | |

2) prepare HC1 solufion by diluting five parts of con-
centrated HC1 into one part of distilled water;

"3) dilute ketohexose stock solutlons .and samples so
that 2.0 mi contalns 20~ SO}Lg ketohexose;

4) add 1 ml of resorcinol reagent into each tube;

5) add 7 ml of HCl solution‘and miX"Qell by shaking;

6} place in .a water path at 80°C foruexactiy ten
minutes;

7) remove and immerse the tubes in cold water for five
‘minutes;

8) read optical densityirtSZO!WLwithin thirty minutes.
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g. Nelson's Test (46) (Reducing Sugar Determination)

Determining the capacity of the carbohydrate contain-
. ++ . . . -
ing sample to reduce Cu * in an alkaline solution:is the

most common method for detecting the presence of free

reducing groups in a carbohydrate., It is found that when
the conditions are controlled, the amount of cu™" reduced

to Cu+ is directly proportional to the amount of reducing
sugar in the sample analyzed. The cu’ formed in the reac-
tion precipitates as the rust-colored Cu20. In the Nelson
test, the amount of Cu20 formed is determined by addition
of arsenomolybdic acid, which is qualitatively reduced to
arsenomolybdous acid by the Cu+. The rust-blue color of
the. arsenomolybdous acid is then measured colorimetricaliy,
The following procedure is employed in the Bioenvironmental
Laboratory of Oklahoma State University:

1) prepare Nelson's alkaline copper reagent and arse-
nomolybdate reagent; the detailed procedure for preparing
these reagents is given in "Experimental Biochemistry" (46);

2) dilute standard and samples so that 1.0 ml contains
100 }Lg sugar;

3) add 1.0 ml of Nelson's alkaline copper reagent to
each tube and shake well;

4) place the tubes simultaneously in a boiling water
"bath and heat for exactly twenty minutes;

5) remove the tubes simultaneously and immerse in
cold water;

6) add 1.0 ml of arsenomolybdate reagent to each tube

and shake well:
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7) after five'minutes,'add 7.0 ml of distilled water ‘to
each~tu§e and mix thoroughly;

'8)‘read'the.optical,densityiin the colorimetef at 540m+u

The standaxrd éurve for the calculation of reducing

sugaras covers the range from 0.01 to 0.06 mg;

h, Conversion of Carbohydrate Concentration to COD

Values . .

For convenience in comparing the removal rates of dif-
ferent carbohydrates with the total COD removal rate, the
concentration“of each carbohydrate*as obtained by its spe-
cific test was converted to equivalent COD by multiplying

by ‘the factor shown in Table 1V,

TABLE IV

RELATIONSHIP BETWEEN CONCENTRATIONS AND COD VALUES
FOR VARIOUS CARBOHYDRATES

mg/1l xylose x 160/150 mg/1 xylose COD
mg/1 galactose x 192/180 mg/1 glucose COD
mg/1 galactose x 192/180 mg/1 galactose COD
mg/1 fructose x 192/180 mg/1 fructose COD
mg/1 sorbose x 192/180 mg/1 sorbose COD
mg/1 mannose x 192/180 mg/1 mannose COD-
mg/1l sucrose x 384/342 mg/1 sucrose COD
mg/1 maltose x 384/342 mg/1l maltose COD
mg/1l lactose x 384/342 mg/1 lactose COD
mg/1 cellobiose x 384/342 mg/1 cellobiose COD

| R [ 1 A B

The theoretical COD walues of the above carbohydrates can

ube"obtained_from'the’follbwing-equations:

For pentose: 05H1005 + 5 02-——-——75(302 + 5 HZO
150 160
‘For hexose: o C6H1206 + 6-02f———96002-+ 6_H20

180 192



35

12722711 2 2 2
342 384

For disaccharide: C_._H_..O + .12 0, —>12 CO, + 11 H_O

Excepting 1yXose,fsorbose,nand ceilobiose, the COD
values of Other‘carbohydrateS»have alsd been reported pre-
- viously by Gaudy and Engelbrecht (28). Komolrit (47) has
indicated that the experimental values for all of the car-
. bohydrates he determined'(glucose, gélachse,.lactose, and
ribose) agreed qqifevwell with the calculated theoretical
vaiues;:and the gifferenceS‘were‘well within five per cent
of the theoreticél values, In accordance with previous
studies, it would appear that Table IV is quite valid for
conversion of the carbohydrate concehtraﬁion values to cor-

responding COD values,

D. Experimental Protocol

1, Opérafion'bf Batch Units

-The experiments in this study consisted first of inocu-
lating three or four batch -aeration tubes. Tube #1 was uskd
as the control unit, and contained the ‘carbohydrate to which
the sludge was acclimaied{rat a subStrate,concentration of
500 mg/1., .It also contained 100 mg/1 of acclimated‘seed;
and required standard7synthefic wastes to yield:a total
volume of 1500 ml. Tube #2 was the contral unit for -the
other cérbohydrafe‘USed’in the fwo—component system. The
tube contents were the same as for tube‘#l, except that it
contained a different substrate. Tube #3 contained equal

concentrations of both carbohydrates used in tubes #1
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and #2; thus it'cqntained a total substrate concentration of
1000 mg/1. ~The Seeds-and inorganic cémponehtsvof the syn-
thetic waste in the combined unit were the same as the con-
trols. vTube‘#4,'when'e@ployed,vwaé-used as the *'shocked
unit." The detaiis'of this systém»are'described below under
‘the subheading “Qualitative Shock Load." |
At.theibeginning of th@'operation,.zero hour, the sub-
 str€tes were/fed to each unit;,and'sd‘ml‘sgmples were
_removed fﬁom.each unit and centrifuged for twenty minufeS'in
a‘Servall,cehtrifuge,'Type SS~1. »At the}samefﬁime,‘samples
were removed for opticai density deferminatioh.at 540 nﬁi on
‘the Bausch and Lomb Spectrophotometer. After‘centrifugation
the.supernatant‘wasscarefully-fempved andput throﬁgh a Mil-
lipore filter, 20 ml béing used for COD analysis and 10 ml
‘were=froz¢n for the analysis of spegific substfate._ This
procedure was repeated for.the mea§urement of substrate
-remo§a1_and biologiéal growth at-v§r?qgs timé intérvals,
The'methodS'of.aﬁalysis employéd'wére'desQribed in detail

in the section ofv"Methods'of Analysis,®

2. rQualitaﬁive'Sho@k Load

In orderitéiinVestigate_ﬁheéfésponsé of activated
sludge to theAiniroduction.of.Stfucturally’different’carbon
‘source than that to which it was acélimated,»and to study
thé interference:between the two componénts more thdroughly,
a shock load unit (in additionvto the,tWo controls and one

combined¢systemgwwasy@peratedUin.some.exp@giments,»e,g-,
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sorbose-glucose systems. For a young cell system acclimated
to sorbose, glucose was tipped in the sorbose unit when the
sorbose-acclimated sludges were actively metabolizing sor-
bose. The concentration of the shock compound was prepared
so that the unit would contain 500 mg/1 of shock compound
after the compound was tipped in. All other constituents

of this unit were the same as for tube #1,.



CHAPTER IV
RESULTS

A. Multicomponent Carbohydrate Studies

in order to determine the generality of sequential or
concurrent substrate removal, eighteen combinations. of car-
bohydrates were investigated in tWo-component carbon source
media. A summary of the results~for.thevvarious multicom-
ponent substrate systems investigated is given in Table V.

Since a great deal of biochemical_informationvis avail-
-able on the metabolism of glucose, fructose, sucrose, and
lactose, the results for experiments rdinvolving these sub-
strates will be described'and'presented'with accompanying
figures in this chapter. Invaddition, the results for the
:sorbose—kylose.system’will also befshown graphically,
because these two compoundS“were'dhosen as basic comﬁonénts
to combine with other carbohydrateé. "The results for other
- systems will be presented briefiy without'showing figures;
however, important e#periméntal parameters. are given fof

all experiments in Table VI at the end of this chapter.

1. Galactose and Glucose Systems

- The results of three galactose-glucose - experiments. are . ;.

‘presented as follows:

38




TABLE V

SUMMARY OF EXPERIMENTAL RESULTS

TABLE V (Continued)

Methods Patterr of Growth Methods Pattern of Growth
o Acclimated and Substrate of Acclimated and Bubstrate
System - Analysis Young Cells Removal Remarks: System Analysis Young Cells Removal Remarks:
Galactose - COD Galactose- Monophasic G . o » Xylose coD Xylose- Nonophasic Growth 1. Sugrose may repress
and Glucostat acclimated Sequg:tsial Removal the gé:;\:izogegfesses and Orcinol acclimated  Conmcurrent Removal formation of xylose .
Glucose Galactostat Cells galactose enzymes Sucrose Glucostat Cells . . enzymes, but data no
¢ Glucose— Diphasic Growth Nelson's TestSucrgse- Dxph351§ Growth conclusive
acclimated Sequential Removal Resorcinol acclimated Sequential Removal
Cells Cells
High Galactose-Monophasic Growth Xylose cop Xylose— Honophasic Growth 1. No interaction
acclimated Concurrent Removal and Orcinol acclimated Coneurrent Removal
Cells Cellobiose Glucostat  Cells ]
Galactose COD Galactose~ Monophasic Growth 1, Maltose represses Anthrone Cellobiose—  Manophasic Growth
and Anthrone acclimated Concurrent Removal galactose enzymes acclimated Concurrent Removal
Maltose Glucostat Cells formation Cells :
Galactostat Maltose- Diphasic Growth Lyxose cop Fresh Seeds No Reganisms Growth 1. A long time is
acclimated Sequential Removal and Glucostat Glucose- and no Substrate’ required to induce
Cells Glucose Orcinol acclimated Bemoval lyxose enzymes -
Xylose cop Xylose~- Monophasic Growth 1. Glucose represses Cells ]
and Glucostat acclimated Concurrent Removal xylose enzymes Sorbose CcoD Sorbose- Diphasic Growth 1. Glucose represses
Glucose Galactostat Cells formation and Resorcinol  acclimated Sequential Removal sorbose enzymes
Glucose- Diphasic Growth Glucose Glucostat Cells formation
acclimated Sequential Removal 2. Glucose inhibits
Cells — -_— sorbose oaly when glu-
Xylose cop Xylose- Monophasic Growth 1, No interaction cose concentration is
aﬁd Galactostat achimated Concgrrent Removal ~ higher than sorbose
Galactose Orcinol cells Sorbose [o]0)] Sorbose~ Monophasic Growth . 1., No interaction
’ Galactose- Monophasic Growth and ' Resorcinol acclimated Concurrent Removal
acclimated Concurrent Removal Galactose Galactostat Cells
Cells . Galactose— Monophasic Growth
Xylose coD Xylose- Monophasic Growth 1, Mannose slightly acclimated Concurrent Removal
and Orcinol acclimated Concurrent Removal repressed xylose Cells
Mannose Anthrone Cells enzymes formation Sorbose cobp Sorbose- Monophasic-Growth 1. Sorbose represses
Mannose- Monophasic Growth and | Resorcinol acclimated Concurrent Removal the formation of
acclimated Concurrent Removal Mannose Anthrone Cells ‘mannose enzymes, but
Cells ' Mannose- Nonophasic Growth not completely
Xylose cop Xylose- Monophasic Growth 1. Fructose represses acclimated Concurrent Removal :
and Orcinol acclimated Concurrent Removal the formation of Cells . .
Fructose Resorcinol Cells xylose enzymes Sorbose cop Sorbose-— Diphasic Growth i. Sorbose represses
Fructose- Diphasic Growth and Resorcinol acclimated Sequential Removal the formation of
acclimated Sequential Removal Maltose Anthrone Cells maltose enzymes
Cells L Maltose- Monophasic Growth '
Xylose con Xyloseé- Diphasic Growth 1. . Metabolic inter- acclimated Coacurrent Removal
and Orcinol acclimated Concurrent Removal mediates inhibit the . Cells
Sorbose Resorcinol Cells function of xylose Sorbose COD Sorbose- Diphasic Growth .1. - Sorbose represses
Sorbose- Diphasic Growth enzymes . and Resorcinol acelimated Sequential Removal. lactose enzymes
acclimated Sequential Removal 2, Sorbose may Lactose Anthrone Cells formation
Cells repress xylose enzymes Lactose— 2. Lactose was
formation, but data acclimated exhausted before the
not conclusive Cells cells were capable o
Xylose cop Xylose~ Diphasic Growth 1. Xylose represses using sorbose
and Orcinol acclimated Sequential Removal maltose enzymes Sorbose cop Sorbose— Diphasic Growth 1, Sorbose required
Maltose Anthrone Cells Yonophasic Growth  formation and Resorcinol  acclimated Concurrent Removal long acelimation
: ¥altose- Concurrent Removal Cellobiose Anthrone Cells 2. Cellobiose was
acclimated Cellobiose~ Monophasic Growth retarded by the
Cells acclimated Concurrent Removal presence of sorbose
Xylose [¢0))] ‘Xylose- Monophasic Growth 1. No interaction - Cells .
and Orcinol ° '\ acclimated Concurrent Removal
Lactose Glucostat Cells -
Galactostat™ Lactose- Monophasic Growth
Anthrone ' °~ acclimated Concurrent Removal
Cells

6¢
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‘ *a; Gaiactose;acclimatéd'Cells

The curves for*the'coﬁtrbl’unitézof galactose and glu-
'cose, réSpeétively, are presented in'Figure_Q° It was
.foundvthat~even though the initial cells used-in'this-exper-
iment had been écclimated to galaétose, they still required
acclimation to.galactose’and glucose. The possible explan-
ation is that the prolonged acclimation of the'sludée’
-caused the 'loss of inducible enzymes in the érganismsvand
impaired the ability of the organisms to femove-substrates@
‘The fact that the:specific;rate'ofVQIQCOSe removal? Kg, in
the glucose control was faStgr thah tﬁe'specific rate of
total COD removal, Kt, showed that an amount of metabolic
intermediates were excreted.intd the éluqose:mediuﬁ.during
_growth.  The i£termediate‘production is{aiso shown by a
comparisbnvbf the total COD curve'ané#thé glucose COD cﬁrve,
It wag found that when glucose was the sole source of c?r—
bon, it was metabolized faster thanlgg}ggtose, as seen by
éomparisoﬁ'of'thegrowth-rateé’and éups£r§tenremoval rates
for therﬁyo control units. “

-In:figure'lo, the growth curve :and COD removal curves
‘for the combined unit of galactosérand glucose -are shown.
These curves indicate thét there was a lag in substrate
vhtilizationo The activation by glucose of the<genes gov-
-erning the'syntheéis~of glucoseuenzymes (induction) took
place‘within the first_four hours (the same as the glucose
control unif); The,galéctbse~COD curvewshQWSwth@ﬁgthe |

induction of galactosérenzﬁmes took place?within ten hours,
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i.e., a 5-hour delay as compared to the galactose control.
This would indicate that glucose repressed the formation

of galactose~catabolizing enzymes, The formation :and
activities of galactose.enZymes.océhrred‘only_after‘almost
half of the glucose had been eliminated from the solution,
Glucose was eliminated at essentially the same rate in the
“control and in the combined unit;‘whefeas galactose removal
was enhanced greatly after release from the repression by
glucose, ‘This is probably due to the fact that an increased
number of organisms, pre-grown on glucose, took part in the
further growth on galactose., " The essential similarity -
between the growth rate,}L,robserved in the combined unit
beforergalactose-catabolism'started‘and that observed in
the giucose:eontrwl'again’éhows'the‘shift.from growth on
glucose to growth on galactosé.

The effect of the shock loadingvof'glucose'on the
removal of galactose is shown in Figure 11; At 9.5 hours
the galacitose~catabolizing sludge was shock 1oaded'with‘
glucose. The introduction of glucose caused - an immediate
‘disruption of galactose metabolism. The continued rapid
removal of total COD in the culture after the shock was due
lafgely to glucose metabolism, Although some,groﬁth on
galactose took place after the shock, it was not propor-
tional to the increasing bacterial concentration, This
‘would indicate that glucose repressed the formation of new
.galactose-catabolizing. enzymes, and that the enzymes formed

before the addition of glucose were responsible for elim-
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inating’galactose from the medium, Since glucose was
degraded'immediately by the organismsvéiready growing on
galactose, the glucosemcatabolizing enzymes were in all
probability congtitutive in these galactose-acclimated
cells., Galactose was not again rapidly metabolized until
half of the glucose had been removed. About 240 mg/l of
residual COD was present in the medium at the cessation of

this experiment.,

b. Glucose-~acclimated Cells

Figure 12 shows the substrate removal characteristics
for galactose and glucose by glucoseuécélimated sludge,
Some metabolic intermediates were excreted into the medium
‘when gluCose was cataboliized by glucose-zcclimated ‘sludges.,
Apout 120 mg/1 of residual COD was preseﬁt in the glucose
medium at the end of the experimeunt, The results for the
galactose control unit iladicated that»glucosemacclimated
organisms required nmo long acclimation period before
metabolizing galactose; i.e., the eunzywes responsible for
galactose catabolism were apparently constitutive in the
glucose-acclimated sludge, or in any event, were induced
rapidly., This suggests that glucose most probably inhibited
the activity rather than the synthesis of galactose enzymes
in Figure 10, because galactose enzymes already existed in
the sludge after glucose metabolism started. A comparison
of total COP and galactose COD curves shows that very few
metabolic interm@diates~wereuéxcretedfintoﬂthe;gaigcﬁose

meditim,
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Thgteffeétfof galactose,on-glucose‘métabolism by
glucoseaacclimated cells when both.compadnds‘are present ‘at
the starttbf the experimental‘period-is:shown:innFigure 13;
Glucosevwas eliminatedlessentially-at the same "rate in the
control .and in the combined units, while galactose removal
was-suppressed“élmost completely in the combined unit,
Galactose metabolism started rapidly after about Half of
the glucose had been exhausted. The shift from growth on
glucose to growth on galactose caused a change of the growth
rate. Although diphasic growth on glucose and galactose was.
not apparent‘on the growth curve,  two linear portions bf
»differentbslope;(}#l,}Lz) did appear on a»semilogarith—”
Jmic p1ot'us¢d to determine growth rate, ‘Also, two linear
portions oﬁ é.semilogarithmic-plot of total COD removal
showed characteristics of sequential substrate removal, A
comparison of. the total COD curve and the sum of two com-
ponent substrate-COD's:showed that only-a small release of
intermediates during”metabolism of glucose and galactose
occurred. The residual COD in the combined umit was much
“less than the sum of thé'residual COD in the two control -
units. |

The effect of a shock loading of gélactose on the
removal of glucose'is-shownlin-Figure”14; A comparison of -
the growth curve and glucose removal curve in thé;glucose
control and galactose shécked~unit indicates that both
growth and glucose removal were retarded somewhat by the

introduction of galactose. The activity of galactose
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_énzymes was.suppressed as shown by the lag period which
occurred in galactose metabolism, Thé'ééproximate.equality‘
of the residual COD, 'shown in thé*combined‘and the ‘shocked
units, indicates that‘the'production'of-intermédiates*was
not changed appreciably when equal amounts of galactose

-and glucose were used in the growth medium,

c. Young Cells Acclimated to Galactose (Higher Initial

Cell Concentration)

A further attempt was undertaken'to investigate the
effect of glucose on the utilizatidn~of,galactose‘ The
initial concentration of young ceils used in this experi-
ment was higher than those used in the other- experiments;
the initialaconcentration'of biological solids was approx-
imately 350 mg/1.

‘'The growth and substrate utilization responses of a
galactos=-acclimated sludge to the'presencé of glucose or
galactose ‘are given in Figure 15. Figure‘lSa shows that
glucose consumption was essentially linear, i.e.,, the rate’
was zero order. This was due to the-high_biological solids
used at the start of the experiment. Also, some intermed-
iates and/or end products were excreted into the glucose
medium, and these intermediates were subsequently used by:-
the cells (except for 50 mg/1l of residual COD), Figure 15b
indicates that very few intermediates were produced during
galactose metabolism, and about 60 mg/l of residual COD was

‘present in the medium:at the end of the experiment.
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Concurrent substrate utilization of glucose and galac-
tose is shown in Figure 16, }InfthiS case the presence of
glucose decfeased the galactosefﬁembyélvrate frdm»o;QQQKto

0.578 hr L

, but did not fullyjinhibit the -activity of
galactose-catabolizing enzymeé:: Bdchglucose and galactose
were eliminated athn;appreQiably;31ower rate in the com-
bined unit as compared ﬁith thé céﬁtrol units. An appréci-
-able amount of intermédiateé wasl“produced¢during'metabbliSm
of the substrates, as seen by a.compariSon Of total COD and
the sum of tWO'specific substrate'COD's. .-These intermedi-
ates were subsequently used by cells except about 30 mg/1
of residual COD left in the medium,

According to the results of the gaiéctosé-glucose sysé'
tem described-abbve, the following conclusions can be drawn:

. 1)_Galactose—catabolizing enzymes'Weré constitutive in
glucose—acclimated:sludges;tsimilarly;.glucose enzymes were
contained in galactose-acclimated sludges. |

2)_G1ucose repressed thenformétion“of galactose—'
catabdlizing—éhzymes, but did ‘not inhibit ga1actosevmetab—
olism, : ,

'-3)vSequentia1 removal of'g1ucose~and galactose accom-
‘panied by diphasic growth occurred in the low initial con-
éentration system;‘wheréas concurrent substrate-utilizafidn
accompanied by simultaneous growth on both substrates "
‘resulted when ﬁighicohcentratibns of galactose-acdlimated f
sludges were employed.

1) The accumulatign of intermediates observed in the
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substrate mixture was changed as compared to the sum of
intermediate production observed in the medium containing
one substrate component only; the amount of residual COD
produced from the substrate mixture was lower when higher
-concentrations of initial biological solids were used.

5) The introduction of galactose into a system acti~
vely metabolizing glucose caused very small retardation of
growth and glucose removal.

6) Glucose removal rate was linear when the high con-

centration of galactose-acclimated cells was used.

2. Galactose and Maltose System

Two experiments were undertaken to investigate the
responses of either galactose-~acclimated sludges or
maltose-acclimated sludges to the presence of galactose and
maltose in the culture medium. The following observations
could be made from the data of these experiments:

1) Organisms pre-grown on maltose required no accli-
mation to galactose; cells grown on galactose required no
acclimation to maltose.

2} Only a small amount ofjintermediates was produced
in either of the controls or the combined units by the two
different_acclimated sludgés. The residual COD in the mix-
ture'was~approximately equal to the sum of the residual
COD's in the controls:

-Since little or ﬂo glucose was found in the medium,
glucose was eliminated immediétely,.as maltose was cleav-

caged into glucose by the organisms, or maltose was taken

directly into the cells.
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'4)’The»résults-of experiments using maltoseaacclimated
cells indicatednthatrseQMential substrate elimination.accbmm
-panied by diphasic grpwth*was caused by'maltbse“repression
of galactose enzymes, while concurrent rémmVal and monopha-
8ic growth~occufred.in the experiment using galactoée-
‘acclimated cells.

5) In the experiment of galactose~accliﬁated sludge,
the specific grgwth,rate,i-and the specific tétal COD
removal rate Kt ébserved in the substféte mixture were
smaller than thOSe'observed in thé-media‘ccntainingaonev’.
-substrate component only. |

The experimentél parameters for this system are shown

in Experiments 4 and 5 of Table VI,

3. Xylose and Glucose System

a, iXyloseaacclimate&'Young“Cells :

The curves for the control unitS'ﬁre presented in
Figure 17. No lag was observed in glucose metabolism
(Figure 17a) indicating that enzymes responsible for the
'metabolism“of'glucose were-@onstitutiVe in_xylosedacelimated
éells° A great'amount of interm@diates>w213 excreted’info
bbth.xylbse mediumnanq glucose medium, as shown by a com-
“parisonfof:the'CDD’reﬁmval curves and substrate removal
cﬁrves, These iniermediates were subsequently used by the
oﬁganisms;'only about 40 mg/1 of residual COD was observed
in both media at the cessation of this experiment, The
‘specific rat@s-of-xylosewand glucosevremoval in the control

units were much faster than the‘tdtal COD removal rates of
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respective units, agéinkshoWingfthe iarge_améuntsfof ihfé%¥ 
Amediates.produced'during growfh; |

' figuﬁe”lSlpresegté the growth curve and COD'remoya1 
curves ‘in the combined unit of xylose and glucose, The
fact thathylose utilization céntinuediin“thefpresenge of
glucose indicafed that the enzYmes neéégsafy:fqr xylose
utilizatibn were still being'synthesized and.étill active;
i.e,, glucose did not affect the forﬁatibn.ofjenzmyés'nor
their activities. The specific growthFrate observed in.
the COmbined unit was larger than thosé“observed in the con-
trol units. This would indicate thatfx&lose and glucose
‘were removed concurfently and that:théeonganisms grew‘on
both substrates Simultaneously; Nevertheless, both xylose
-and glucosétremoval were'rétarded by,the'presence'of-othér
‘compqnents,.as.shown‘by a comparison of the rates of xylose
-and glucose removal in the-combined:and;control units.

b. Glucose-acclimated Young Cellsf

Figure 19b for the glucose control unit shows that
glucase remova1 and cell_growthvwere'eséentially linear,
thus the growth rate and glucose remoVal-rates-followed

zefO'order~kinetics.,,Apprbximately 60.mg/1'of residual COD
wasrobserved in thefglucose:mediﬁm. }Although the'organisms
had been'pfe-gfbwn qn,g1uc0se;-it would:appear.froh'the
results shown in Figur¢"19a that they cdnt?inedgxylose
—enzymeS'at the st;rt of the.expefiment.A'Afconsiderable
-amount of metabolic.intermediates was releésed“intoftpei

medium during xylose metabolism by glucoseuacclimatéb cells.'
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‘The residhal_COﬁxklso wg/lj?obserwedfih‘this:ekperiment:wes
_extremely‘high3 'Since'some:eafbon}sodfce'(xylose)hwasﬂcohm
sumed between f1ve ‘and nine hours, the stoppage of growth
-durlng th1s perlod cou]d not: be 1nterpreted ‘as a- result of

f the'1nductlon'ofnxylose—catabollzlng*enzymes. ~A semllogar-
ithmic plot of total COD ‘removal curve showed that total
COD was removed exponentlally between ‘seven ‘and thirteen
hours. Thus,;lt seems reasonable to>pnopose‘that the organ-~
isms-also,greWHexponentially during*this period. The:dashed
curve is the‘proposed_gwowth purve‘of.this'period, Another
‘possible explanation forfthe'apparent-growthiplateau was
that the'CbD;consumed,between~five=and nine hourS‘mas:used
for energy7butvnot’for growth,-‘It;is interestihg to note
that at theﬂehd:of xylose removal about 60 per cent of the
initial available xylose carbon was present in-the medium as
hon-xylose'organlc.materlal. A portlon of thls was appar-
ently taken up by the cells‘durlng;the decllnlng growth
‘phase aftérMxyiosefmetabolishhhadfeffectiyely ceased.

- Diphasic growth,was alsowobsefwed;inﬁthe;medium.conm
taining both xylose and glucose (Flgure 20) In_this ease,
however, glucose prevented removal of - xylose 'XYIose
removal did not begin until about half of the glucose had
vbeen~eliﬁihéted, ‘After<the eXhaustionsof glhcose, the pat-
terns of growth and total;CODwremovalﬂih the combined system

were essentially similar to. those obserVed“in'the xylose

control. . Apparently these: results 1ndlcated that the shift o

o

.I COMm growth on glucose to gro”th on xylose caused the
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diphasic growth. The sharp:changes in the gfowth rates
(g, Hey) and the total CcoD removal rates '(Ktl,' Kt2) empha-~
- size the existence-df diphésicvgrowth~and:sequential‘sub—
strate removal ‘in this‘system; ‘A greaffamount of “metabolic
intermediates.accumulated@in the xyldseeglucose‘mediﬁm;‘and
wﬁs subseduently uséd‘by'the organisms_except,for‘15d mg/1
of residual COD, A comparison of'the combined -and the con-
trol unifs‘indicafes that most intermediates. produced in -
the mixed1subStrateﬂsystemiwere due to‘the'metabolism of
xylose, Although glucose_repressed'the'synthesis of xylose
enzymes, glucose metabolism was also affected by the pres-
ence of xyloée. Both rate of growth on.glucose and rate of
glucose removal in the‘combined unit;wefe slightly retarded
‘as compared to those observed in the glucose control unit.,

The results fOrkthis-system indicate that the following
conclusiopsﬂcan be drawn: :

1)“Thé shape of the growth and COD cﬁrves for the
xylose contiol_suggests.that'some.xyloéé%metaboliZing
enzymes were present in glucoseeaéclimated sludges,

2) GIueose représsed the formation of xylose enzymes,
-and did not block the activity of these'enzymes,‘

3) Xylose-~acclimated célls,grewfbn Both'substrates
simultaneously and rembvedisubstrates*cbncurrently;~whereas
glucose-acclimated.orgénisms grew.on,glucose and xylose
diphasically and removed the substrates sequentially.

4) Glucose metabolism was slightly retarded by the

presence of xylose.
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5) A considerable amount of metabolic intermediates
was produced from xylose”metabolism‘by'sludge acclimated

to xylose or glucose.

4, Xylose and Gglactose System

The following obsefvations are made from ﬁne résu1ts
of twd experiments which were run for this systém (see
Experiments 8 and 9, Table VI): .

1) The QrganiSms pre-grown on either com@onent%conm
tained enzymes necessary f©r the meﬁabolismlof th@réther
»comp@nenty because n0'acclimation”pe?iodﬁas reqﬁiré@'in the
controls., | |

.2).Neith@r substrate'affegted the fdrmatibn.qr the
'activity-of-the enzymes responsible for the utilization of
the other substrate. ‘

S) The pattérns«xﬁgroﬁth'andﬂsubstrate‘removal.in the
xlesgwgaléctose'medium were: monophasic growth.and concufm
“rent substrate removal,

v4) The growth rate p,obferved in thg combined ﬁnit'was
larger than those observed ih the controls, when xylose-
acclimatéd cells were uSedq On the.ébntrary, Jin th@IGOm-
bined uni§ZWéS smaller than those in the controls, when
vgalactose@acéljmated%ceilé'wefe employed. This finding is
takeniaslan'indication that the introduction of xylose into

the galactose medium retarded the utilization of galactose.

5.‘ Xylose:and¢Mannose~System‘\

The following”obserVatidns were made for the inter-
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actions of xylose and mannose (sée“Experiments 10. and 11,
Table VI): ! |

1)‘Mannose—catabolizing.eﬁiymes“were‘present in the
xyloseaacclimated’sludge; however, it appeared thaf
mannose~acclimated sludge-required.avshort acclimation
period to xylose,

2) Comparison of the xylose curves fof the xylose con-
trol and the two-component sysﬁem'indicates’that mannbse
repressed slightly the'synthesis of xyioée enzymes,

3) Xylose and mannose were removed concurrently by a
neterogeneous.population. The growth pattern was mono-
phasic, | |

4) Comparing xylose and mannose removal in the com-
bined medium with the removal of each in fhe control sys-
tems demonstrates that the presence of xylose enhanced
mannose removal, while xylose removal was relatively
retardediin'tne'combihednsystem.

5) The residual COD in all systems was -approximately

the same,

6. Xylose and Fructose System

2. .Xylose~acclimatéd’Young Cells

Figure 21 shows the microbial growth and substrate
utilization patterans for the control units, It is seen
that no acclimation was required for fructose utilization;
i.e., the xylose-acclimated cells apparently contained
fructose enzymes at the start of the experiment as eviden-

ced by the absence of an -appreciable lag period. .Since the
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~organ1sms had been, pre-grown on. xylose, they were Capahle |
of growing rather rapidly on xylose without acclimation.

The growth response of a xylose~acclimated microblal
populatmon to the presence of xylose and fructose in the
culture medium is given in F1gure 22, It is noted ‘that the
organisms gErew on fructose and xylose simultaneously, i e.,
they utilized the component suhstrates.concurrently. The
facts that grouth rate ;tobserved'in'thetcombined unitZWas
’flargervthan'observed“in the controls;aand~that~the-substrate
removal rates Kx -and Kf were smaller 1n the combined: than |
those 1n the ‘individual controls also indlcatc the pattern
_ of simultaneous growth and concurrent substrate . removal

It Js sVldent that the 1ntermed1ates produced 1n ‘the medium_

wero{negllglbleof

b. Fructosewacclimated Young Cells

The curves of the control units. are glven in Figure 23.
It 18 seen that about eight hours of acclimation was requir?
ed for the fructo.e-acclimated organisms to metabolize
xylose, Thil lndicated that the bulk of the ‘organisms ln
- the system containsd no nylosemcatghollzing enzymes at the
start of the experiment, ‘ :
The result for the combineqhunitG(Flsuro 24) showui
that fructose completely reﬁressed the nynthoois of ensymes
required'ror‘xylose.metabolism; :ihelxyloae'COD curve indi-
cates that the activation by xylose of the genes governing
the synthesis of xyloso enzymal did not. take place until |

14~16 hours after inltintion of tho experiment (the time
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required to eliminate fructose)., It is seen that xylose
utilization was initiated rapidly and was removed linearly
as soon as fructose was exhausted. The results-also show
that two growth rates (FLI and}Lz) and two total COD
removal rates (Kt1 and Kt2) were caused by diphasic growth
-and sequential substrate removal, The residual COD in the
mixture was approximately equal to the sum of the residual
COD's in the controls, indicating that the production of
intermediates was not appreciably affected. According to
- these investigations, the following conclusions can be
drawn for the interactions and utilization of a xylose-
fructose medium:

1) Xylose-acclimated populations contained fructose-
catabolizing enzymes, while fructose-acclimated organisms
required acclimation to xylose,

2) For xylose-acclimated cells, the presence of fruc-
tose in the culture medium did not affect the activity of
the xylose enzymes, nor did xylose affect fructose metab-
olism, Thus, xylose-acclimated organisms grew on xylose
~and fructose simultaneously and removed the substrates
concurrently.

3) Fructose repressed the formation of xylose-
catabolizing enzymes., Therefore, the growth pattern of
fructose—écclimated cells on a fructose-xylose medium was
diphasic; the utilization of the substrate mixture was
sequential,

4) The production of intermediates was not changed

appreciably by combining the substrates,
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7. Xylosé and’Sorbose'System

a. Xylose—acclimated Young Cells

Xylose;acciimated.orgénisms were:used £o~seed-four
units to investigate the pattefns~of utilizatioﬁ of xylose
and sorbose respectively, and .of bbth~substrates combined,
and the effect of the shock 1oading of sorbose on the
‘active metabolism of xylose,

Figure 25 shows ﬁhe growth-and'COD reﬁovél curves for
the controlvunits. It is noted that the production of inter-
‘mediates in the sorbose control was somewhat larger +than for
the xylbse control., .Although the xylose-acclimated organ-
~isms did not require‘acclimation'toisorbose? they removed
.sprbose very slowly (small growth'rateﬁLandflong substrate
removal period, 34 hours).

Substrate utiliiation.and growth in ‘a medium contain-
ing xyloée and sorbose ‘are shown in Figure 26, It seems
that the presence of sorbose did not affect the activity of
xylose enzymes, nor did the presence of xylose.affect»the,
formation of sorbose enzymes, since both substrates were
removed concurrently-in the -early steps of the experiment.
This is a particularly interestinguexperiment, sinqe after
an earlyipériod:of concurrent removalQIleose began to |
block.sorbdsé rémoval. However, .at 16 hours this trend:was.
revefsed and xylose was blocked by'sorboée, The results
suggest that metabolic intermediates released by the cellé
may have been responsible for the atypical response obser-

ved. The growth pattern in this xylose and sorbose mixture
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'WaS-diphasic, even though the substrates'were,'in:a gross
sense, rembved concurrently. Thé:change Qf:total;CQD femoval
rate’(Ktl, Ktz).was caused by the phehomenon of-diphaéié
growth,

The results for the unit shbckedfwith»sorbosef(Figure
27) also suggest that the accumulation of metabolic inter-
mediates blocked the utilization of xylose at 15-16 hour,
It is seen that the production ofvintérmediates~from fhe
metabolism of xylose -and sofbose»mixtufe’was not changed

considerably as compared with those of the control units.

b. Sorbose-acclimated Young Cells

The results for the control units are given in Figure
28, The l4-hour lag in the xylose control indicated that
the population, pre-grown on sorbose, contained little or
no xylose-catabolizing enzymes;

Figuré 29 shows the growth responses of the sorbose
pre-grown organisms to the presence of ﬁylose and sorbose,
It is noted that the organisms were not cépable of removing
xylose in the presence of sorbose, The formation of xyloée
enzymes apparently did ﬁotlstart-until almdét all of the
‘sorbose had been exhausted. .Since the sorboséﬁacclimated
.organisms toriapproximately 14 hours to use'xyloSevin
poth the xylose control and combined units, the pronounced
diphasic Character'in COb removal may be due to repression
'by’sorbose of xylose enzymes, or simply to the time required
for»induction.o; xylose enzymes in the;sorbose—acclimated

sludge. Furthermore, it is noted that the presence of
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xylosé did not alter the Sorposevrémova1=raté. Fér_the.
'result‘éhown in Figure 29, the 1ag befweén“sﬁbstrate.rehovai
cycles was more pronounced than,those'shown:in-figurés.of
preVious‘experimentsw(FigureS'10, 13,;20;-and'24).: A com-
parison of intermediates produétion'frbm:the'threé units
reveals tﬁatﬁmorevintermediates'werefaécumulated”injthe
combined system than in the mediuﬁ‘containing only the-
single substrates, These results suggést“the'folloWing
tentative conclusions:} | J

1) Xylose-grown organisms cohtained sorbose~
catabolizing enzymes, whereas sorbose—écclimated organisms
did not Qpntain.xylose—utilizing-enzymeé.

2)‘F6r7Xylose~acclimated cells it ‘would appear that
metabolic intermediates inhibited thevactivity\of xylose
enzymes rgther“than sorbose .itself, |

3) X&loSe—acclimated cells removed sorbose and xylose
in atypical but grossly concurrent manner, and grew on the
substrétes.simulténeously.'.However,'the results.suggést
that accumulation of metabolic intermediates caused diphasic
COD removal.

4) Sorvose-acclimated cells removedixylose and sorbose

sequentially and grew on the substrates diphasically.

8. Xylosé andiMaltose'System

The following observations are.madeffrom.the'resultsr
of two expeyiments using,young=ce11s”qcclimated'to.xylose
and to maltose (see Experiments 16 and 17, Table VI):

1) The organisms»pre—grown.on either of the substrates

i
}
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requifed*acclimation.to the_otherfsubstrate,”#s evidenced by
the presence of an appreciable lag period for the -control,

2) Xylose was capable of repressiné the formation of
,,mdltose.enZymes, thus.the'pattern ofjsubstrate:removal-by
xylose~a¢climated~cellsswds-sequentiaiﬁwith xyloségpréCed—
ing.maltOSe.: ' : | o

- 3) FOr;maltoseaacelimatedisludge;;the.Similar.malfbse
removal in'thé maltose’cdntrol‘anGVCOmbined"system,vand.the
similarﬂaCCIimationfperiod,tOHXylbse@in,the'xylose‘coﬁtrol-
and comﬁinedfsystem.show’that xylosefdid.not affect the
'activity?of'Xylose enzymes.ﬁor did maltose afféct-the'for—
mation of xylose enzymes, Therefore “the maltose-acclimated
cells utilized xylose and maltose concurrently, and grew on
tne substrates simultaneously.

'4)'The growth rates.observed'in the combined units
were gréater“than'those observed in the mediafcohtaining
only one substrate component,

5) The production of -intermediates was negligible, -

9, Xylose and Lactose SYstem

Both xylose and 1a©t©se~accliﬁated”youngvcells:were
used’toiihvestigate the'interacﬁion‘of xylose and-lactdse.r.
.Tne following informafion was obtained from the results of
these eXperiments.(sée Experiments 18 and 19, Table VI):

1) Siuce short 1ag'periodSﬁwere required by xylose-
acclimated'Sludge‘before using 1actose,.and lactose-
-acclimated sludgefbefpre»using-xylose, 1ac£ose-catabolizing

enzymes were not-cenSfitutive in ‘the organisms pre-grown on
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xylose, nor did 1actose~acclimated cells contain a comple-
ment of xylose-catabolizing enzymes{- However, the’acciie
mation occurred rather rapidly. |

2) By comparing xylose'andllactose‘removal in the con-
trols and in the combined units it can be seen that the
presence'of gylose slightly hastened the acclimation of
xyloseuacclimated»sludgé to lactose, and that lactose
enhanced the acclimation of lactose—acclimated‘sludge”to
xylose,

3) The presence of lactose apparently decreased the
rate of xylose removal for xylose-acclimated sludge, while
the preSénCe'of xylose did not affect the rate of lactose
metabolism to any significant degree as evidenced by the
shape of the substrate removal curves for the control and
the combined units.

4) The growth rate observed in the combined substrate
medium was larger than those observed in the systems con-
taining one substrate only.

5) Xylose and lactose were utilized concurrently by
the activated sludges acclimated to both substrates,

6) A small amount of galactose and glucose were pres-

ent in the syanthetic medium during the metabolism of lactose,

10, Xylose and Sucrose System

a. Xylose-—acciimated Young Cells
The growth and COD removal curves for the control
units are given in Figure 30.. .It is seen that there was no

lag in the sucrose utilization, ' This indicated that the
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sludge pre-grown on xylose contained or could rapidly syn-
thesize the enzymes responsible for the removal of sucrose.
The sucrose COD was estimated by doubling the fructose COD
concentration at any given sampliné time.

Figure 31 shows the course of xylose and sucrose
removal in the xylose-sucrose synthetic waste. The sucrose
curve and xylose curve were approximately the same as those
shown in Figure 30; whereas the growth rate }i, observed in
the combined unit, was larger than those observed in the
controls, These results clearly indicated that sucrose and
xylose were removed concurrently but the rate of sucrose
removal was faster than the rate of xylose removal even
though the sludge had been acclimated to xylose. The re-
ducing sugar curve shown in Figure 31 was essentially equal
to the xylose curve, These results indicate that little
free fructose was present in the medium which contained
sucrose as sole carbon source, and provide verification
that sucrose concentration present in the culture medium is
approximately equal to twice the concentration of fructose

determined by the resorcinol test,

b. BSucrose-acclimated YounE_Cells

The results for the xylose control unit (Figure 32)
show that xylose-catabolizing enzymes were not constitutive
in the sludge acclimated to sucrose. Xylose was removed by
the sucrose sludge at a very low rate; more than 48 hours
were required ?9 consume 500 mg/1 oi the xylose synthetic

waste,
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The effect of xylose on sucrosevmetabolism by sucrose-
acclimated sludge when both compounds are present at the
start of the experimental period,is shown in Figure 33,

The superimposability of the growth curves in the sucrose

- control and in the combined-sys%em up to the time‘bf gucrose
exhaustién indicates that the ﬁf@sence'of xylose did.noﬁ.j
affect the rates of growth and sucrose removal, The re-u
Suits also show that the Substrét@ removal was sequential
with suérose preceding xylose andvthe growth-patt@rn was‘
diphasic with a pronounced lag between the two stages of
growth, This pattern of sequential removal and diphasic
growth might be attributable to repression b§ sucrose of
xyl@s& enzymesp but is more logically attributable to the
timé reguired t@ SyntheSiZe xy1©sg enzymes by these
sucrose~acclimated cells, The diﬁhasic character was ver-
ified further by the.QCQQEPence of two separate growth
ratés»(}ng}Lg) and two total CdD removal rates (Kt Kt,)
in Figure 33. A comparison of the controls and combined
units indicates that the considerable amount of inter-
mediates produced in the combined unit were due largely to
th@ catabolism of xylose,

‘The foliowing statements seém warranted from the
experimental results for this system:

1) Xylose-catabolizing enzymés were inducible in the
sludges pre-grown on sucrose; their produétion'was depend~-
ent upon the presence of substrate xylose (inducer)., Su-

crose enzymes were constitutive in the xylose-acclimated
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sludges, as indicated by no lag period involved in sucrose
metabolism,

2) Xylose had no effect on the formation and activity
of sucrose-catabolizing enzymes, as indicated by the fact
that the sucrose removal curves for the sucrose control and

the combined units were approximately the same whether the

sludges were acclimated to xylose or sucrose,

3) Since a long lag occurred in the xylose control for
sucrose-acclimated sludge and no significant amount of
xylose had been removed by the time sucrose was exhausted
in the comhined unit, sucrose might have repressed the for-
mation of xylose-catabolizing enzymes,

4) The xylose-acclimated cells grew on xylose and su-
crose concurrently., On the other hand, sucrose~acclimated
sludges grew on the substrates seQuentially with sucrose
removal preceding xylose; there was a pronounced lag
between the two stages of growth,

5) The considerable amount of intermediates produced

in the substrate mixture was due largely to the catabolism

of xylose,

11. Xylose and Cellobiose System

The following information was obtained from the results
of two experiments using activated sludges acclimated to
xylose and cellobiose (see Experiments 22 and 23, Table VI):

1) The xyloée-acclimated sludges required acclimation
to cellohiose, and cellobiose-acclimated sludgeS'required

acclimation to xylose,
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2)-.Neither substrate efféctively blocked the fbrmam.
tion or activity of the'enzymeé”responSiblé{er the utili-
zation of the second substrate; ‘The‘basis~of-such‘a~con-

’ cluéion'was that the metabolism of oﬁe’substfate“was not
affected to any significant degree by the presence of fhe
other substrate. !

3) Xylose and cellobiose‘were‘removed}concurréntly by
ba heterogeneous population premgrown on either xylose or
cellobiose, | _

4) The growth rate;i obseryed{in the substrate mixture
was 1gfger»than those observed in eifher medium containing
one substrate only., This result could be due to the
increase of substrate. (carbon) concentration in the com-

bined unit.

12, fLyxoSe and Glucose System

.éoth‘fresh sewage seedsrand élucosemacdlimated éells
Were~qsed'tovinvestigate?the characteristicvpattérns‘of
.iyxosé utilization (see Experiment 24, Table Vi), It was
foundlthat‘th@re wvere no organisms cﬁpable of utilizingl
lfxgse as substrate'whenilyxoée‘alonewwaspﬁésenﬁ, or when
lyxose was preseat in combination with glucose, This
wquld’indicate that the enzymes reép&nsible for the removal
of %ykoﬁéﬁwiil not bhe eaSily,induc@d‘in the heterééan@ous
pépulétiQmsm Propably the lyx@a©4@atanolizing enzymes can
be induced cnly iﬁ a narroﬁ.range of microﬁrganisms; in ﬁny

i

event, not in tnbse'presantfdmwtheasewggeuseed~employed~inf

this exp@rim@nt;‘ o S
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13, Sorbose and Glucose System

‘ Sorﬂose;acglimated young cells were-employed'to inves—
tigate possible substrate interaétionsqihxﬁhefsdrbose~
glucose synthefic -wa'ste'(F,igure'34)° It*is seén thét-the
enzymes necessary for the metabolism df’giucose were -con-
stitutive in the organisms pre-grown on séfbose. Although‘
these cells weré'acclimated t0'sorbose; they were~capab1é'
of growing faster on glucose than‘oﬁ‘so}bose. 'it is seen
that a”cdnsiderable amount. of intermediatés was‘ﬁroduced‘in
the glucose control, Evidently-theseiintermediates were
subsequently utilized by cells except for 100 mg/l of
residual COD,

The data shown in Figure 35 give‘information on the
activity of -sorbose and glucose utiliZing.enzyme:systems:in
the presence of both substrates, It is seen that a slight
utilization of sorbose took place in the{presence of glu-
cose, but,thé'rate of sorbose eliminatibn from the medium
‘was constant and in all probability'thebslight'sorbOSe |
removal was due to the residual concentration of sorbose
enzymes formed before the start of the experiment. This
would indicate that glucose repressed’tpe formation of new
sorbose enzymes but did not inhibit the“activity'éf the
preformed enzymes,  The.growth'andrCOD'CurveS~shOWed”thatthe
patterns of substrate'removai and growthwin;sorbose— A
glucose medium were sequential with.glucose:preceding-sor—_
bose; Diphasic growth is not apparent in-.the graph; how-

ever, there was a small change in growth rate, The shift
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in the utiliéation of carbon sources in fhis'case occurred -
very-rapidly;' - |

The‘reSultsfof an-experiment'infwhiCh youngesorbose-
-acclimated cells were subjected fo.ajsevere glucose“shock
loading condition are given'in.Figufe 36.'.It-cahvbe seen
that immediate‘cessation“of7sorbose-removal'ensuedvfrom
the glucose shock load; the'removalﬁoffsorbose sfarted:"
again'when;the.concentration~of gluCose-was;ébout the 'same
as the concentration‘of'the‘sorbose. -This fact would‘indi-\'
eate'that glucose competed with sorbose and inhibited the
‘activity of sorbose enzymes only when the glucoseiconcen-
tration was higher than: sorbose concentration., This result
‘seems coincidental with the-result’shownfin the combined |
unit (Figure 35). ;Since.glucose;and*sorbqse‘werevequaily*
present in the combined:medium at the;stari'of thenexperié"
~men$; glucose repressed the formatien;of new sorbose’
-enzymes»bﬁt may not have “inhibited ﬁhe‘aEtivity'of pre-
uformed‘SOrbose‘enzymes, From the’eomparison of residual
CcoD produced”innall’four units, itxwoﬁldWSeem:that the'Pfo—
.duction Of”intermediates-fromhsorbose-and frqm glﬁcosekwere
not changed appreciably when used in combination orfes sole
carbon .source, and that the intermediates produced*in the |
-combined and shock units~were'due"primarilj:to'the'metab—.
olism of glucose., “The.follﬂwing~coﬁc1uéions eanﬂbe ﬁade
from thelpreceding resdlts for this system:

1) The metabolism of glucose py:sorboseﬂacclimated.

“sludge proéeeaed\Withouf%a31a§,peribd-"
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2) Glucose:mepnessed”the fonmationﬁof-sorboseaeniymee;
h1t inhibited the act1v1ty of . sorbose enzymes when . glucose
oconcentratlon was h1gher than- sorbose

.3) The”sequential remova1~of,g1ucose,and;éorboeefwas
;accompanied byvn-diphasic gromthlmithoaismali:change.offi

growth rate. | | | |
‘ 4) The productlon of 1ntermed1ates was not changed

appre01ab1y‘when‘the~substrateswwere‘used_51ng1y-or‘in com-
bination; the intermediates produced in the substrate m1x—'

! . ture were essentially due to the metabollsm of glucose

.14, Sorbose and Galactose System

Theﬂfollowing information concerning-the‘intenaetions
'wof»sorbose~and galectose-wefemobteinedvfrom?thevresultSmof
: tno-experiments’uSingusorbose-and gelaEtose-aociimated
.tsludges ‘(see Experiments 26 and 27 Table VI)
| '1) The enzymes reSpon51b1e for the metabolism of
| either substrate wene‘constltuttye“in the’sludgeSwaocll-'
‘mated to either 'substrate, Thie~conc;usionzwas based on
'}"theabsence>ofuan'anpreciable5la§«pémiod3for"the-meteb—
1-ollsm of both substratesn-'. : |

2) Sludges, accllmated to elther sorbose or galactose

Q»removed sorbose and galactose concurrently and grew on both

~substrates 51mu1taneously, However,.galactosegwasiremoved

. at a faster rate than sorbose. | | _ |
3) tSofbose-&idtnot'afiect'the'eeﬁiﬁfty“or-the'foée

-mation of”enzymes;tesponsiblerorEgeléctose~metabolism;'aS‘

.shown by the fact thatﬂnOusignifieant interference or
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retérdation-of.gélactose méfébolism.éccurfédvdue to the
'presence'or‘introduction of sorbose., |
4) Upon introduction of galactose,”éorbose‘removal;was

not blocked, but was retarded. =It'seemsrthat galactose
competed with sorbose,

| 5) Since an appreciable 1aglperiod was required by
galactose~acclimated -sludge to metabolize sorbose‘in'the
combineq andfsorbosefshocked,yn}tS,,galactosegmight have

repressed the ‘formation of sorbose—catabolizing enzymes,,.

.15, Sorbose and Mannose System ‘(see Experiments 28&and
29, Table VI) |
The results of this system indicated the following:
“1) There was no lag in the metabolism offsorbose‘and
mannose by the‘sludges'acclimated'to7either=§ubstrate.

2) Sorbose repfessed the‘formationiof mannose-
~cataboliZing enzymes; the'synthesis of.méhnose enzymes did
.not,start-until sorbose had been removed to a cerfain con-
—centratibn. :Sorbose did nqt affect,the*activity of a
sludge hctivé1y~metabolizing<mannose;

3) The presence‘of'mannose-(at‘the start of the exper-
iment) aad the introduction of a mannose shock,loading-did
=hot»afféct'the—course-of-sorbose:removal." That is to>say,’
‘mannose did not affect the formationlor~activity of-ébrbose
enzymes. |

4) Sorbose-and.mannoSelwere'remdved éoncurrently. ~How—
”ever,@sorboée was-removed?faster'than.mannose.eve?jthough-~w»

thé cells had been ‘acclimated to mannose.
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16.'=Sorbose~andﬂMa1tose»System

‘Inf0rmation concerning the responses of a heterogeneous
population to the'presence*of~sorbose»andamaltosefand.to the
presence of both substrates combined is giVen below (see
‘Experiments 30 and 31,.Tab1é VI):

1) Sorbose-acclimated sludges required no acclimation
to maltose,'Whereas’maltose-acclimaﬁed.sludges-required
about eight hours of acclimation to sorbose..

2) A slight utilization of‘maltosé.by the sorbose-
-acclimatedfsludée‘took place in the presence ‘of sorbose,
but'the'rate.of.maltose.elimination_froﬁ_théfmedium was
-constant,'fThiS'wouldjindicﬁté‘that sdrbose repressedvfhe
formation of new maltose enzymes, butﬁdid;not inhibit the
activity of the pre-formed enzymes, |

3) Comparing sorbose.rembval by maltoée-acclimated
sludge in the control and in the combined and shocked units,
it can be seen that the presence of maltose enhanced the
induction of sorbose enzymes.f

4) Sequential substrate removal and diphasic.grOWth‘;
wi%h sorboge preceding maltose occurred for-sorbose-
*acclimated;sludge;~whereas,maltoseéacclimated cells removed
‘maltose andtsnrbose concurrently.

5) Shock loading=withgma1tose did.not affectisbrbose'
‘metabolism, nor did a-sorbose shock 1oading'affect’ma1tose ..
metabolism., ~

6) The production of intermediates was negligible in

both one-component systems :arnd in the combined systems.
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17. -Sorbose and . Lactose System

a. 3Sorb05eaa¢climated Young'Ceils

The patterns of utilization Qf_sbfb0se*and.lactose by
sorboseaécclimatedfsludges are'showniin;Figufe_37;‘:It is
'seen~thatfaﬁ;acclimatibn period'was féqﬁiféd'for lactose
utilizatibh."‘No,accumulatioh:of inﬁérmeﬂiateSiwaé-detécted
in the'soerSe cmntrolgvgrowthron_sorqueiﬁas much faster
“than -on iébtosew :

‘.Fig#re SS‘Shbws'the course<©fisbrbose.andvlactose
removalfin'the9sprbose-lactose.synthetic#waste. nComparisdn,
of Figures 38 .and 37 shows that'sorboSefwéé eliminated at
-eSsentiallyﬁthe~same-rﬁte in the_cpntr61 and;infthe combined
units,=while>1actose removal-was~initiated*0n1y éfter ces-
“sation of,sbrb6se removal, »The"laétpse and carbohydrate
intermediates COD curve was:obtaihéd b§ subfractingvthe
‘sorbose COD from the total carbohydrate COD (anthrone;COD);
remaining -at any-time, :The pronounced lag betweeh'thé twb
cycles of motal COD removal and biological'growth:alsb:pro—‘
vide evidénée4ofvdiﬁhasic.growth aﬁd”Sequential sﬁbstfate
utilizétion;_

uFigure‘39;shows the respoﬁse to a shock loading of
.lactos e of a sludge which~wa3wactive1y metaboliZing‘sor—
bose., .It is seen that lactose had no éffectfontsorbose
'removal,gandglactose removal was,ihitiated,ten‘hours'after

the exhaustion of sorbose,

b. ,Lactosemacclimated.Young‘Cells

The results for the control units are given in Figure.
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40. It is seen that an'acélimatioh péfiod of approximately - -
eight hours was required for the»lé¢£oée4acciimatedﬁslﬁage"’
to initiate;fhe-ﬁtiliz;tion“of Sorb§sé It should be noted-
that a- rapld decrease in sludge mass and - a rap1d 1ncrease
in COD occurred after“theﬂdepletlon"of sorbose.-lThls
.would indicaté that lysis. of sorboseimiérOOrganisms was
raccompaﬁied‘by a release of compounds which could react
with resorcinol and exhibit a :COD, o |

Figure 41 shows the course of sorbose and -lactose
removal ih the sorbose41actose-synthetic‘Waste ‘The pres-
ence.-of sorbose caused a -slight retardatlon of 1actose
removal and cell growth,: can be seen: by a cqmparlson of
Figures 40 and 41. Sorbose metabollsm‘was‘lnltaated at
eight hours, i.e., the same time as in the sorbose control
unit., It would appear that lactose did not;interferetwith
the'indubtion'of enzyme(s) required for*sorbdse metabolism,
The fact that sorbose removal, -after the acclimation period,
was much faster in the combined unit than in the ‘sorbose
control provides some indication that the organisms which.
had actively metabolizéd lactose took part in the further
growthvon.sorbose.‘fSince the shift from growth on lactose
to gro@thvon:sorbose was So rapid, the COD and growth
curves'were“not diphasic.

"Figure 42 shows the results for a:systém”which"was
shock loaded with SOrbose.,.It'isteen-fhat the introduc-~
tion of sorbose did not affect thé course - of lactose removal

and that acclimation“was réquired'for.sorbose-metabolism.
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The diphasic growth-andxCOD removallindicatéd:that lactose
was exhausted before the organisﬁs ere capablevof metab;
~olizing~sorbose. |

.Fréﬁ data obtained on this substratevsystem,‘the fol-
lowing tehtative‘conclusidns have been drawn:

1) Sofbose—acclimated'sludgestdid:not'require a long
»accliﬁationwperiod to métabolizetlactésé,_but'léctoseé'
-acclimatéd'sludges'requiré%a.very“long:#cclimétion'peripd
beforebgiowth:onwsorbosé.

2) Sérbose repressed'the'synthesis of lacfose'enzyme35
‘thus sorbose and lactose were removed,sequentially by
sorbose-acclimated cells.

3) Lactose did not affect the formation of sorbose
=enzymes'hor:did.it hffect’theiriactivity for;sludgGStaccli¥
-mated to sorbose. |

- 4)»Lactose‘was_exhausted‘béfore'the‘orgaﬁisms,~which
had been pre-grown on lactose, were éapable’of.metabolizing
‘sorbose, Hence,*sorbose~and;lactOSé,were~removed-sequén—

-fially'also:by lactose~acclimated cells.

18. Sorbose"andeeliobiose'System

The followinéAréSuits wére,oﬁtained,for“tw0~expefimenfs_
\uSing,youhg'ce11S»acc11mﬁtédtté.éithéf Soibosé~or cello- "
biose ‘(see Experiments 34 and 35, Table VI):
- ‘1) Sorbose-acclimated cells required acclimation to
cellobidsewFJCellobiOSe-acclimated cells required long
-acclimation (more»than'sixteen»hours)«fo¢§orbdse.

2) Sorbose and cellobiose were ‘removed concurrently
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by the cells acclimated to either substrates, but cello-
biose removal was retarded in theccombinea:and<sorbose¥
shocked units compared to the'rateﬂof,removal.in'the control.
3) The induetion-of sorbose enzymes by cellobiose-

~acclimated‘s1udge would appear to be enhanced by the‘pres-
ence of cellobiose ~as shown by comparlson ‘of sorbose metab-
‘olism in the control and in the comblned and shocked unlts.

| 4) U51ng sorbose—accllmated cells, the growth rate in
the. substrate mlxture was 1arger than growth rates for -each
individual substrate,‘whlle.for ‘the cellobiose-~acclimated
cells the growth rate“in‘the'substrate mixturerwas;smaller*

“than on cellobiose'alone.

- .B., Experlmental Parameters-~-Growth Ratg Substrate Removal

Rate, and Sludge Y1e1d

In.order to compare utilization'of\carbohydrates in the
various. systems, the rates of growth and ‘substrate removal, and |
sludge yield for all experimentstare'tabulated”iu?TabierI.-

Since in the log phase of bacterial growth the sludée
‘mass:inéreases exponentially,;a'plot of log of ceil mass
versus time will give a linear relationship. The speeific_
growthvrate }Lis the slope of this linear portion. Tue
specific total COD removal rate .and specific substrate'Cthb
removal rate are the‘slopeS'of'the‘linear'portion'of'the
total COD removal curve'and:substratévCOD removal curve;'
-respectively, on the'sehilog plot. As~discussed‘in:Chapter
TI, the period during which ‘substrate removal increases at

an exponential rate usually corresponds to the period dur-



TABLE Y1

SYSTEM PARAMETERS FOR THE STUDY OF CARBOHYDRATES
UTILIZATIONS BY DIFFERENT ACCLIMATED CELLS

10 11

1 2 3 4 - 6 7 8 12 13 14 15
Expt. Systenm Unit. Inital Inital Peak Peak Total  Specific Specific Specific -Yield Yield Yield Yield
Optical Biolog. Optical Biolog. COD Growth - Total-COD Carbohydrate
Density Solids Density Solids Removed - Rate Removal - COD
. (mg/1) (mg/1)  (mg/1) - (br-1)  Rate Remoyal Rate - : : _
No. .- (ar 1) (nr-1) @ (@ @ @
1 Galactose Galactose , g77g 48 0.456 266 205 0.154 0.248 0.256 62,2 44.4 44.4 73.8
and Control . )
Glucose Glucose - . . .
(Galactose Control 0.0875 52 0.498 290 470 . 0.192 0.281 0.317 6R.3 40.2 42.6 50.6
acclimated . : Capes - . kgal = 0.606
cells) Combined 0f0875 52 0.733 482 905~ - .0.210 0.277 kglu = 0.302 75.8 30.0 35.8 47.6
Glucose kgal = J.083
Shocked 0.0875 »52» 0.789 550 880 0.204 0.271 . kelu = 0.459 75.4 44.5 44.5 62.3
2 Galaciose Glucoese e 7
and Control 0.2819 166 0.573 333 430 0.079 0.352 0.371 22.4 30.9 30.9 38.9
Glucose - i :
(Glucose ggiziggse 0.2840 168 0.683 428 480 0.066 ©.294 0.303 22.5 47.3 47.3 55.2
acclimated .- :
. ) 0.089 0.315 kgal = 0.642 28.2 .
cells? Combined 0.2840 168 0.921 755 1005 0.119 0.186 xglu = 0.362 64.0 53.8 53.8 58.4
Galactose : : kgal = 0.270 ' '
Shocked 0.2882 170 0.886 695 960 0.074 0.226 kglu = 0.294 32.8 42.8 47.3 54.7
3 Galactose Galactose ’ -
and " Control . 0.615 362 0.912 740 495 0,112 0,906 0.909 12.4 64.4 70.0 76.3
?lucose :
High Gal~ Glucose
actose Control 0.602 351 0,921 755 480 0,137 0.913 * 15.0 54.5 74.8 84.1
acclimated’ ’ keal 0.578 . :
cells) Combined 0.606 356 1.097 1160 1045 0.131 0. eal = 0. i
- 846 yelu - 0.899 20.3 73.7 73.7 76.9
*
linear removil, rate is zero order
4 Galactose Gelactose ' : ) o . : a G o )
and Control 0,0386 24 0.465 272 530 0.158 0.346 0.348 45,7 43,8 44.3 46.8 -
Maltose ’
(Galactose Maltose ~ . :
acclimated Control - 0-0386 24 0.509 297 515 0.147. 0.237 0.2%6 62.0 ° 52,0 52.0 53.0
cells) ’ :
Combined  0.0398 25 . 0.854 645 15 . . kg = 0.238
§ ) : 10 0.139 (1] 168 xms = 0.085 6.1

- 82,7

58.5

58.5

LOT



TABLE VI (Continued) -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Exp., . System Unit Inital Inital Peak Peak Total Specific Specific Specific Yield Yield Yield Yield .
i Optical Biolog. Optical Biolog. - COD Growth Total~COD .Carbohydrate
Density Solids Density Solids Removed Rate Removal COD
(mg/1) (mg/1) (mg/1) (hr=1) Ratel Removal Bate : .
No. . (hr~%) (hr-1) % [¢3) (%) %)
5 Galactose Maltose . ., go4p 56 0.538 313 485 '0.207 0,438 0.473  47.2° 48.4 50.4 53.0
and Control .
Maltose g
(Naltose — Galactose ¢ g7,44 45 "0.469 268 470 0.150 0.224 66.9 42.1 42.1 47.4
acclimsted Control : i .
cells) . 0.206 0.366 km = 0.388 56.2 - :
Combined 0.0848 52 0.803 570 930 0 073 0102 © kg - 0.678 71,6 51.1 "51.1 55.7
6 Xylose ylome ' 0.0680 a 0.569 ‘331 515 0.130 0.256 50.8 50.3 55.2. 56.3
Glucose . .
(Xylose Glucose ggg3 43 0.577 336 sa5 0.152 0.226 67.2 . 29.2 - 55.3 58.0
acclimated Control ] : <
cells) . S o . kx = . 0.223 4
Combined . 0.0693 43 0.870 670 . - 960 0.160 . 0.224 ¥e - o.202 714 45.4 59.1 65.4
7 Xylose Glucose  0.1412 83 0.643 300 - 470 « - 0.488 * *  56.4 47.9 65.3
Glucose ' . » .
(Glucose . Xylose 0.1397 82 0.569 33 350 0.058 0.156 0.457 39.4 25.6 - 47.9 71.2
acclimated Control .
cells) . 0.200 0.488 ki
. . . . g = 0.468 44.7
- Combined 0.1382 .= 81 0:903 723 815 0,026 0,042 - ks - 0595 e€1.8 391 €0.6 78.8
* linear removal or growth, rate is zero-order.
8 Xslose ylose  0.1024 61 0.542 316 500 0.102 0.305 0.317 34.6 47.2 74,2 51.0
‘ Galactose . . .
{Xylose Galactose g ;019 60°  0.538 313 505 0.102 0.257 0.277  '39.7 43.3 48.7 -50.2
scclimated Control ; . . .
cells - kx = 0.234 ’
Combined - 0.0996 59 0.796 560 1015 0.119 0.208 o T glz;s 32-2 57.8 47.8° 49.4
9 Xylose Galact - .
.id C:n::o?se 0.0942 67 0.495 288 465 0.200 0.363 0.384 55.1  40.9 40.9 47.6
(Evalac_tose . ) :
- {(Galactose Xylose | g . .
acelisated  Control 0.0942 67 0.456 272 450 0.076 0.160 0.175 47.6 38.0 38.0 45.6
cells) . . o 4
: . i . kg = 0.231
Combined  0.0942 67 0.721 469 930 . 0.150 o.227 & 7 o.oo4 ©B6-1 36.8 36.8 43.3
10 Xylose Xylose - j -
‘ 0.0531 33 0.387 226 500 : ‘26 4
and . Control 00 0.173 0.272 0.274 . A : .
l((annose . 63.1 _y35-4 36.4 " 38.6
Xylose Mannose . . .
accli?a‘ed Contooy 0.0531 33 0.441 . 257 495 0.156 0.267 0.299 58.4 41.8 " 41.8 45.2
cells ’ e - &
. Combined  0.0531 33 0.648 393 ‘085 0:231 0.320 XX = 0.326 ., 246 34.6 36.6

km «=. 0.327

80T



TABLE VI (Continued)

1 2 3 4 5 6 7 8 9 10 11 12 is 14 15
Exp. System Unit Inital Inital Pcak Peak Total Specific Specific Specific Yield Yield Yield Yield
: Optical Biolog. Optical Biolog. COD Growth . Total-COD Carbohydrate
Density Solids Density Solids Removed Rate Removal CcoD
(mg/1) (mg/1) (mg/1) (hr=1) 'Ratel Removal Rate
Yo. (hr~%) (nr-1) (%) (%) (%) (%)
11 Xylose Mannose ; . .
b Contool 0.0339 23 0.337 198 485 0.117 0.167 - 0.168 70.1 32.5 34.0 36.1
%annose . .

. (Mannose Xylose " . X
acelimated Comieol 0.0315 22 0.349 205 505 0.125 0.155 0.165 B0.6 .33.8 34.2 35.9
cells) ’ : ) km - 0 h :

. . Combined  0.0269 18 0.634 383 975 0.136 0173 2 T 0-°T¢ 786 34.8 36.2 37.5

12 Xylose Xylose

< et Czntrol 0.0693 42 0.620 370 525 .0.177 0.357 0.362 49.6 ~ 60.8 60.8 62.5
Fructose : .
(Xylose Fructose
acclimated  Control 0.0718 45 0.520 302 435 0.148 0.337 0.357 44.0 54.2° 54.2 59.1
cells : : . ) )

Combined .0.0693 42  0.912 740 1035 - 0.196 0.333 XX T 0-332 538 65.2 65.2 67.4

13 Xylose Fructose - ; .
e Congrot® 0.0339 23 0.527 307 410 0.180 0.343 0.371 52.5 53.6 --53.6 69.3
fructose

Fructose - Xylose . .
acclimsted Conteel 0.0292 19 0.491 286 505 0.146 0.179 0.192 81.6 50.4 50.4 52.3
cells) = - ‘ :

: Combined  0.0281 18 0.721 469 895 9198 g:ggg bl 2300 79-7 42.6 42.6 50.4
. .
linear removal, rate is zero-order
14 Xylose Xylose 0.0901 55 0.530 310 530 0.113 0.191 0.224 59.2 46.4 46.4 48.2
and Control
Sorbose ) . . R
(Xylose Sorbose. 4 pog) 55 0.551 321 525 0.58 0.120 0.161 48.3 50.2 50.2 50.7
acclimated Control ; : " ; -
cells) - 0.114 0.195 - ks = 0.092 58.5
Combined 0.0915 56 0.846 631 1010 . 4045 0,067 ks - 0.283 67.2 ©53.2 53.2 56.9
Sorbose 0.109 0.247  kx = 0.302 44.2 .
Shoohed 0.0875 53 0.810 580 . 1020 0.028 o 041 b - 0100 683 48.8 48.8 51.6
15 Xylose Xylose 0.0327 22 0.2273 135 450 0.101 0.118 0.132 -85.6 22.0 22.0 25.1
and Control R : S
?orbose ’ . .

Sorbose Sorbose ; . N . - g wr
soolivated  Comtrel 0.0351 23 0.2403 142 510 0.223 0.262 0.262 85.1° 22.5 22.5 23.4
cells) . - . -

Combined  0.0351 23 0.417 244 945 0.224 0:3%2 ke - 0.221 8.7 177 17.7 23.4

0.031

- 0.028

0.204 110.8
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TABLE VI (Continued)

i

l

1 2 - 3 C 4 5 B - 7 8 9 10 - 11 12 13 14 15
Exp. System Unit Inital Inital Pcak  Peak Total Specific Specific - Specific Yield Yield Yield Yield
Optical Biolog..  Optical Riolog. COD Growth Total=-COD Carbohydrate :
Density Solids Density Solids - Removed Rate Removal COD :
: (mg/1) (mg/1) {(mg/1) (br~l) - Rate, Removal Rate :
Yo. o (hr~t) (hr-1) %) (%) (%) %)
16. Xylose Xylose 0.0809 50 0.602 355 500 0.135 0.226 0.280 59.8 56.4 56.4 61.0
and Control -
Maltose . . .
(Xylose Maltose . ) . .
acclimated Control 0.0796 49 0.2676 157 125 0.092 0.165 0.173 55.7 77.2 77.2 86.3
cells) - kx = 0.200
Comhbined 0.0796 49 0.810 580 . 795 0.155 0.187 km = 0-428 82.9 62.9 62.9 66.8
17 Xylose Maltose . R i
and Control 0.947 _30 0.374 220 490 0.144 0.198 ) 0.1998 72.7 36.6 36.6 38.8
Maltose .
(Maltose Xylose ; ;
scclimated Control 0.041 26 0.445 260 515 0.114 0.206 0.207 55.4 42.9 42.9 45.5
cells) . . .
N . . - . . km = 0.178
Combined 0.0446 27 0.752 505 980 0,168 0.218 kX = 0.231 77.1 45.6 45.6 48.8
18 Xylose '~ Xylose o - ) . : .
and " Control 0.0374 23 0.409 240 525 0.241 . 0.4?5 0.482 5°T7 41.0 41.0 41.3
Lactose . . )
(Xylose Lactose ' ’ :
scclimated Control 0.038? 23 0.46? 272 ) 535 0.308 0.254 - 0.254 »121.2 46.2 46.2 46.6
cells) : kx = 0.361 :
Combined 0.0398 .24 0.704 459 1065 0.243 0.302 Kkl = 0'345 90.3 40.0 40.0 40.0
19 Xylose Lactose o osos 31 0.495 288 - 460 - 0.215 0.499 - 0.502 43.2 .52
and Control -050 . . . -502  43.2 .52.1 52.1 56.1
Lactose Xylose
(Lactose Czntrol 0.0505 31 0.367 T 214 380 0.169 0.279 0.315 60.6 41.1 41.1 48.2
acﬁi:)nated : o . .
cells R S 0.315 0.467 kl = 0.366 67.4
Combined ‘.0.0543 34 0.694 440 910 0.062 0.108 kx = -0.330 57.4 41.8 41t8 44.7
20 Xylose Xylose ;
and Control 0.0505 31 0.565 330 . 490 70.205 0.317 0.314 64.6 590.8 59.8 61.0
?ucrose
Xylose Sucrose :
acclimated Control 0.049# 30 9.678 ) 421 510 ) 0.203 Ot336 0.338 60.4 63.0‘ 72.4 76.7
cells) Combined  0.494 30 0.912 740 915 0.231 0.320 = = 0-399 0.2 72.1 72.1.77.6
21 Xylose Sucrose . - )
and Control 0.0568 34 0.469 331 430 0.2!4‘, 0.261 .0.277 82.0 54.2 55.0 69.1
?ucrose : '
Sucrose Xylose . : .
acclimated Control 0.0568 34 0.444 260 515 0.057 0.074 0.078. 77.0 42.7 42.7 43.9
cells) Combined 0.0555 33  0.763 519 .. 940  0-194 0195 ks = 0.205 995,52 20.5 51.7

0.011 0.022 kx = .0.094 50.0. -

OTT



TABLE V1 (Continued)

.4 5 ] 7 8 9 10 11 12 13 14 15
Exp. System Unit Inital Initai Peoak Peak Total ‘Specifie Specific Specific Yield Yield Yield Yield
X Optical Biolog. Optical Biolog. COD Growth Total-COD Carbohydrate
Density Solids Density Solids = Removed Rate Removal CcoD
(mg/1) (mg/1) {(mg/1) (hr-1) - Rate Removal Rate
To. (hr~1) (hr-1) B 3} @) ) )
22 Xylose Xylose 0.0458 28 0.557 325 475 0.193 0.286 0.203 67.4 55.0 55.0 62.5
and Control
Cellohiose
(Xylose Cellobiose ¢ pg9 27 0.493 201 485 0.182 0.272 0.273 66.8 52.8 52.8 54.4
acclimated CoPtrol kx = 0.259
cells) Combined  0.0446 28 0.854 645 990 0.204 0.258 ho - o0.401 9.1 59.9 59.9 62.4
23 Xylose Cellobiose Co- : ’ :
g Contoal 5¢ 0.0235 15. 0.530 310 485 0.143 0.248 0.257 57.7 56.7 56.7 60.8
Cellobiose . . .. - . :
(Cellobiose Czntrol 0.0315 22 0.485 283 445 0.108 0.154 0.152 70.1 49.2 49.2 58.7
acclimated C
cells) Combined  0.0269 18 0.643 390 1000 0.180 0.206 X¢ = 0-224 603 335 37.2 37.2
24 Lyxose There were no organisms capable of utilizing lyxc:ase as substrate when lyxose was present zlone or when
. and -lyxose was present in combination with glucose.
Glucose .
25 Sorbose Sorbose 4 3793 71 0.549. " 320 570 0.165 0.372 0.373 44.4 45.3  45.3 43.7
and Control . | .
Glucose Giucose )
(Sorbose Gontose 01192 71 0.585 342 490 0.198 0.282 0.414 70.2 32.6 49.3 44.3
acclimated ; 0.209 0.292 ks = 0.532 71.6
cells) Combined 0.1192 . 71 0.886 695 1040 0.164 - 0.180 kg = 0.672 < 91.2 55.8 56.7 59.9
Glucose - . 7 ks = 0.152 78.5
y Shoched 0.1163 70 0.854 645 1000 0.215 0.274 kg - o0.550 78 49.1 52.3 57.5
26 Sorbose Sorbose 0.1855 111 0.751 501 550 - 0.169 0.387 0.409 43.7 68.4 68.4 71.0
and Control N . .
Galactose
(Sorbose €2§§§Z§s° 0.1838 110 0.739 489 550 0.210 0.467 0.476 45.0 68.3 68.3 68.9
acclimated ks’ = 0.328
cells) Combined 0.1956 115 1.000 905 1045 0.175 0.447 ke - o0.445 39-2 70.6 70.6 175.6
Galactose o 1533 110 1.000 905 1020 = 0.186 0.367 K8 = 0410 555 629 71.0 78.0
Shocked i . ks, = 6.134
kg = 0.618
27 Sorbose Galactose ¢ gggp 60 0.634 382 480 0.181 0,333 0.352 60.3 48.4 57.5 67.1
and Lontrol . ?
Galactose ’ , .
(Galactose gg;:?g: 0.0888 54 0.678 421 500 0,149 0.284 . 0.289 52.4  66.1 66.1 73.4
acclimated k - 0.312 ;
cells) Combined 0.0875 53 0.886 695 970 0.186 0.210 kg . ojo; B88.6 56.5 58.4 66.2
. 0.219 0.402 kg = 0.403 54.5
::rb:s: 0.0862 52 0.886 695 920 0.084 0 186 L 0505 46,7 58.4 58.4 69.9
ocke °
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TABLE V1 (Continued)

0.02

30.4 -

1 2 3 4 5 6 7 8 8 10 11 12 13 14 15
Exp. System Unit Inital Inital Pecak Peak Totai Specific Specific Specific Yield Yield i’ield Yield
Optical Biolog. Optical PRiolog. COD Growth Total~COD Carbohydrate
Density Solids Density Solids Removed Rate Removal COob :
(mg/1) (mg/1)  (mg/1) ~(hr=1) - Rate, Removal Rate
No. (ar™%) _(br-1) %) (%) (%) (%)
28 Sorbose Sorbose 5 pgga 52 0.653 400 495 0.283 0.450 0.452 62.9 65.0 65.0 70.3
and Control )
Mannose Mannose .
(Sorbose rannose  0.0835 51 0.648 393 485 0.198 0.330 0.343 60.0 64.3 65.7 70.5
acclimated . -
cells) - Combined  0.0862 52 0.959 822 1020 0.229 0.35a ks = 0378 647 748 74.8 75.5
A mose - 0.0862 52 0.959 822 990 0.214 0.321 XS = 0-380 g6.7. 74,1 74.4 778
29 Sorbose Mannose y ) .
_ Sor fapnos®  0.1412 84 0.545 318 475 o0.129 0.342 0.342 37.8 48.2- 48.2 49.3
¥annose Sorbose
(Mannose Sorbose  0.1427 85 0.585 341 465 0.121 0.318 0.318 38.1 47.4 47.4 55.1
scclimated R . -
cells) Combined  0.1427 85 0.878 680 995 0.141 o.210 Er = 9423 7.1 52.1 59.8 59.8
Sorbose - km = 0.283
S bose  0.1367 81  0.886 695 290 0.163 0.282 ;2 T -2 57.8 56.2 60.2 62.0
" 30 Sorbose Sorbose ' :
Sor oo 0.1367 81 0.643 390 555 0.250 0.481 0.475 51.9 50.7 54.6 56.1
Maltose Maltose
(Sorbose waltose  0.1337 80 0.527 307 535 0.075 0.212 0.222 35.4 .41.3 41.3 42.4.
:ccl:h;uted e . o 2 . 502 -9
cells N . .242 0.409 ks = 0.50 59.1
. Combined  0.1337 g  0.817 590 1125 0.041 0.048 km = 0.197 84.3 44.7 44.7 45.3
Maltose  ( jac- 81 0.870 670 1055 0.266 0.413 ks = 0.452 63.6 .
Shocked B} 0.043 0.098 km = 0.545 43.9 53.1 54.5 55,8
31 Sorbose = Maltose 0.1643 98 0.598 352 505 0.155 0.356 0.356 .43.6 48.4 48.4 50.2
and Control o .
Maltose . . .
(Maltose gg;:‘;g: 0.1565 ‘94 .0.435 253 405 0.116 0.160 0.185 72.4 31.8 31.8 39.3
dcclimated ' km = _189
cells) Combined - 0.1675 100 0.886 695 1025 0.161 o.258 k@ 7 9-18% 62.4 55.6 55.6 58.1
' Sorbose 0.246 0.442 km = 0.412 55.7 g5 4 553 55,3
Shocked 0.1612 o5 0.870 670 1040 0.048 0.070  ks. = 0.299 68.6
32 Sorbose Sorbose 0.1675 100 0.698 443 540 0.135 0.432 0.437 31.4 58.1 62.4 63.5
and Control
Lactose X »
(Sorbose = Lactose 0.1723 102 0.602 354 455 0.077 0.232 0.229 - 33.2 51.4° 51.4 55.4
acclimated Control
cells) : : : 0.101 "0.266 ks = 0.418 38.0 |
. . . - 87.3 87.3 97.2
Combined - 0.1612 95 1.034 985 925 0,014 0.022 k1l = 0.107 63.6 . 87
Lactose 0.132 0.345 ks = 0.375 38.3 oo ge o go 6
etoee 0.1612 95 1.034 985 1005 o D oism ,

(AN}



TABLE VI (Coptinued)

A Very few organisms grew in the sorbose control unit during the 37 hour operation. .
al parameters of this reépeated unit

Another Sorbose Control unit was run separately.

are shown in the table.

The experiment

1 2 3 4 5 6 7 8 ) 10 11 12 13 14 15
Exp. System Unit Inital Inital Peak Peak Total Specific- Specific Specific Yield Yielda VYield Yield
Optical Biolog. Optical Biolog.. COD Growth Total-COD Carbohydrate ’
Density Solids Density Solids Removed Rate Removal -COD
(mg/1) (mg/1)  (mg/1) (ar~l) - Rate Removal Rate
To. . Gr’ly (D) LB %) ¢5) %)
33 Sorbose Lactose Y . i )
and Covtoal 0.1427 85 0.602 354 480 0.177 ~.0.434 . 0.435 40.8 51.8 51.8 56.0
Lactose Sorbose - ‘
~(Lactose 0.1367 81 0.721 469 400 0.072 0:157 0.231 45.8 73.2 73.2 97.0
acclimated’ Control ’ -
cells) Combined  0,1442 86 0.846 630 1010 2171 0231 Fl 7 0308 740 53.8 53.8 53.8
Sorbose . ’ :
0.1397 82 0.921 . 0.150 0.327 k1 = 0.318 45.9 . . .
Shocked _ ° 782 990 . 5loes 0.079 ke - 0.5a1 57.0 °©4-8 65.1 8.3
34  Sorbose Sorbose 0.1135 70 0.295 175 400 -0.052 0.093 0.093 56.0 22.4 22.4 25.1
and Control - .
((:g‘l):g!;::se Contoor "¢ o 220 450 "0.082 0.218 0.224 37.6 33.4 33.4 34.0
Aol iose g Control 0.1107 67 .372 . ] .224 . . . .
cells) . . - ks = 0.187 .
Combined ~ 0.1121 69 01634 382 970 0.091 0.183 g% T -3 49.7 31.3 31.3 32.3
35  Sorbose Cellobiose ¢ o593 37 0.498 201 490 0.132 0.273 0.294 48.4 49.8 49.8 . 51.8
and Control h ’
Cellobiose .
(Cellobiose Sorbosed o593 37 0.523 305 500 0.142 0.261 0.283  54.4 . 53.1 53.1 53.6
acclimated Control
cells) . 0.112 0.186 kc = 0.161 60.2 ,
Combined - 0.0605 37 0.602 354 975 0. 024 0049 Ls - 0.139 4o.0 31.4 31.4 32.5
. 0.146 0.184 ke = 0.218  79.4 o
oot 0.0568 35 0.581 340 970 0 037 e ke I o6 s4q 275 29.6 31.8

€1t



2.
3.
4.
5.

8.
9.
10.
11.
12,

13.

14.

15,

Column
Column
Column
Column

Column

Column

Column

Column

by using the

Column

1 shows the
2 shows the
3 indicates
4.shows‘the
5 shoﬁs the

6 shows the

7 shows the

8 shows the

9 shows the

Explanation of Columns in Table VI:

number assigned to a specific group of experiments,

substrates and cells used. .

the substrate employed for specific aeration unitg in each system,
initial optical density in each unit, '

corresponding initial biological solids concentration in mg/l, converted from the optical density of

4 by using the relationship of Figure 8,

peak optical density obtained in each unit.

maximum or peak b1olog1ca1 solids concentratlon in mg/l obtained in each unit, converted from Column 6

relationship of Figure 8,

totzl COD which was removed at the time of peak solids production (mg/1).

specific rate of growth during the log phase (hr-g).

Column 10 shows the specific rate of total COD removal during the log phase (hr'l), : B

,Coiumn

11 shows the specific rate of substrate COD removal during the log phase (hr-l).

Column 12 shows the sludge y1e1d in percent calculated as specific growth rate divided by specific rate of total COD removal;
i.e,, Column 9 divided by Column 10,

"Column 13 shows the sludge yield in percent'calculated as increase in biological solids divided by carbohydrate COD removal,

Column 14 shows sludge yieid in percent calculated as increase in bidological solids at the tiwme of peak solids production
divided by carbohydrate COD removed.

Column 15 shows the sludge yield in percent calculated as increase in biological solids divided by total COD removed at the
time of peak sludge production; i.e., (Column 7 - Column<§)//’tolumn 8.

Vit
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ing which the baeterialvcells are inereasingvatian exponen-
tial rate. | | ‘h
It is found that the ‘specific rate of substrate cop -
removal Was:larger'than thelspecifie'rate of;total CoD -
removal. The differenee_between these two parameters is
dde'to the excretion and aecumulatioh of metabolic,inter—
mediates into the medium during log phase, Thus;‘the
greater the amount of intermediates which accumulated in
the.medium,Lthe,greater the difference between these ‘two

specific rates,

C. Study of Carbohydrate Utilization by Sludge Acclimated

to Various Compounds

Since xylose and.sorbose Were’used-quite'frequentlyfin
combination with?Other carbohydrﬂtesringthis_study,.the |
‘experimental parameters for the varlous systems in whlch,
these two components were used are tabulated in Tables VII
and VIII., Table VII shows that the growth rate 'and the
total COD and xylose COD removal‘rates:for ky1osefacclimated
sludges were usually higher than those.of thesCOmparable‘-
sludges acclimated:to other carbohydrates. The trendrof,
the resulfs'given in Table VIII are similar to Table VIIir
These two tables also show that.the sludge yield bon'a'p:ar--=
ticular carbohydrate varied appreciably. A change in
siudgevyield for'systems metabolizing‘difierent carbohyé
drates is to be expected. However,'it'is;alse quiteﬁéppar—
ent_that thezsludge yields are not thefsame-even-in systems

using the same substrate to which they:were thoroughly -



TABLE VIII

TABLE VII
XYLOSE UTILIZATION BY DIFFERENT ACCLIMATED SLUDSES : SORBOSE UTILIZATION BY DIFFERENT ACCLIMATED SLUDGES
Tnitial Specific Specific Specific - Initial Specific Specific Specific
Biolog. Growth Xylose-COD Total COD [¢8] (2) : Biolog. Growth  Sorbose COD Total COD (1) )
Exp. Activated Solids Ratg; Bemoyal Rate Remoyal Rate Yield Yield Exp. Activated Solids Rate) Remoyal Rate Remoyal Rate (vield) (Yield)
No. Sludge. (mg/1) (hr_7) (hr™7) . &br 3y (¢ [¢)) No, Sludge (mg/1)  (hr ) (hr ) (hr™ ) (%) (%)
E Sorbose
6 41 0.130 0.405 0.256 50.8 56.3 15 Acclimated 23 0.223 0.262 0.262 85.1 23.4
61  0.102 0.317 0.305 34.6 51.0 Sludge
10 Xylose 33 0.173 - 0.274 0.272 63.1 . 38.6 25 N 71 0.185 0.373 0.372 . 44.4 43.7
12 2 0.177 0.362 0.357 49.6  62.5 26 " 111 0.169 . 0.409 0.387 -43.7 71.0
14 Acclimated 55 0.113 0.224 0.191 59,2 48.2 28 v 52 0.283 0.452 0.450 62.9 70.3
16 50 0.135 “0.280 - 0.226 59.8 ° 61.0 30 " 81 0.250 0.481 0.475 51,9 56,1
18 Sludge 23 0,241 0.482 0.475 50.7 41.3 32 " 100 0.135. 0.437 0.432 31.4 63.5
20 31 0.205 0.314 0.317 64.6  61.0 34 - 70 0.052 .0.093 0.083 56.0 25.1
: Xylose
= Glucose 28919 0.293.. 0.286  __ 67.4 _62.5 | © 14 ° Acclimated 55 0.058 0.161 0.120 : 48.3 - 50,7
7 Acclimated 82 0.053 0.457 0.156 39.4 71,2 . Sludge .
Sludge . X Galactose
Galactose ‘ 27 Accl(j’.mated 54 0.149 . 0.289 0.284 © 52.4 73.4
9  Acclimated 67  0.076 0.175 0.160 47.6  45.6 Sludge
Sludge R Mannose
Mannose 29 A;glll.;mated 85 0,121 ©.317 0.318 38.1 55.1
11  Acclimated 22  0.125 0.165 0.155  80.6 35.9 ge
Sludge . » | Malt_:ose . e )
Fructose 31 Agglsmted 94 0.116 - 0.185 0.160 72.4 39.3
13  Acclimated 1%  03.146 0.192 0,179 89.6 - 52.8 v udge
Sludge . ; Lactose : -
) Sorbose : 33 A;ilzmated 81 0.072 ©0.231° 0.157 45,8 97.0
15 Acclimated 22 0.101 0.132 0.118 85.6 25.1 : udge -
Sludge : Cellobiose . . :
Maltose . . 35 Agclimated 37 0.142 0.283 0.261 54.2 - 53.6
17  Acclimated 26  0.114 0.207 0.206 55.4  45.5 - ludge . : :
Sludge ) (I)Yield during the log phase, Column 12 of Table VI.
. Lactose 2)y- N . |
19 Acclimated 31 0.169 0.315 0.279 60.6 48.2 ) A )Y:.eld at the time of peak sludge production, Column 15 of Tat_)le VI.
Sludge )
Sucrose
21  Acclimated 34 0.057 0.078 0.074 77.0 43.9
Sludge E
Cellobiose . y
23  -Acclimated 22 0.108 0.152 0.154 70.1 58,7 -
Sludge :

(I)Yield during the leg phase, Column 12 of Table VI, A
(2)Yie1d at the time of peak sludge production, Column 15 of Table VI,

9TL
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acclimated. Rao and Gaudy (15) and Gaudy and Gaudy (48)
have observed the same resultﬂhnd'the'difference in sludge
yield on the same :substrate may be attributed to change

in predominance of bacterial species,

D, Study of Residual COD and Intermediate Release from

Carbohydrate Metabolism

An attempt was made to determine if the metabolic
intermediate production resulting from the metabolism of
one particular carbohydrate was constant or variablé, and
to see the effect of the»acclimation‘of cells on the pro-
duction of intermediates., The maximum intermediate produc-
tion during growth and the residual COD for glucose, xylose,
and sorbose in the various systems are tabulated in Tables
IX, X, and XI. It may be seen that in most cases there was
‘some evidence for  accumulation of metabolic intermedi-
‘ates and/or end products during substrate removal, However,
in no case was this production severe and there does not
appear to be any specific relationship between intermediéte “”&\
‘production and the immediate past acclimated histdry of the
sludge. A comparison of the residual COD values in these
tables reveals that the residual COD was cdmparatively'low
‘and more -or less of the same magnitude when the cells were
‘supplied with the substrate to which they have been pré—
viously acclimated. However, when cells were fed substrate
different from the one to which they Wére-acclimated, the
‘residual COD vglues~were generally higher than those e

-obtained with acclimated substrates. It should be noted
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TABLE IX

PRODUCTION OF METABOLIC INTERMEDIATES DURING MET-
ABOLISM OF GLUCOSE BY SLUDGES ACCLIMATED TO
VARIOUS COMPOUNDS

‘Maximum* Residual
Expt, Activated Intermediates CcoD
No. Sludge (mg/1) - (mg/1)
Glucose
2 Acclimated 160 120
Sludge
Glucose
7 Acclimated 150 60
Sludge
Galactose
1 Acclimated 170 105
Sludge
Galactose
3 ‘Acclimated 140 50
- Sludge '
- Xylose :
6 Acclimated 330 40
Sludge
Sorbose
25 Acclimated 260 90
Sludge

*Maximum arithmetical difference between
xylose COD curve and total COD curve dur-
ing growth, ;

that most of the experiments were run for a long time per-
iod to allow total substrate removal.

It is of particular interest to note that the pro-
duction of maximum metabolic intermediates was generally
higher for glucose metabolism (Table IX) thanbfor-metab—

olism of either xylose {Table X) or sorbose (Table XI),.
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TABLE X

PRODUCTION OF METABOLIC INTERMEDI ATES DURING.METABOLISM OF XYLOSE BY SLUDGES
ACCLIMATED TO VARIOUS COMPOUNDS

Maximum* Residual Maximum*  Residual
Exp. Activated Intermediates COD Exp. Activated Intermediates COD
No. Sludge’ (mg/1) (mg/1) No, Sludge (mg/1) ) (mg/1)
Xylose Glucose
6 Acclimated 230 30 7 Acclimated 330 140
Sludge Sludge

’ Galactose
8 " 45 40 9 Acclimated 100 90
: Sludge

Mannose
10 " 40 40 11 Acclimated 20 45
Sludge

Fructose
12 " - 20 35 13 Acclimated 105 35
Sludge

Sorbose
14 " 140 40 ’ 15 Acclimated 85 75
Sludge

Maltose
16 " 100 50 17 Acclimated 50 40
Sludge

Lactose :
18 " 30 30 19 Acclimated 90 90
Sludge

Sucrose
20 " 35 - 21 Acclimated 185 40
Sludge

. . Cellobiose
22 " 20 ' 70 - 23 Acclimated 105 90
Sludge

*Maximum arithmetical difference between xylose-COD curve and total COD curv
during growth, ;

TABLE XI

PRODUCTION OF METABOLIC INTERMEDIATES DURING METABOLISM OF SORBOSE BY SLUDGES
ACCLIMATED TO VARIOUS COMPOUNDS

v Maximum¥ Residual Maximum# Residual
Exp. Activated Intermediates COD Exp, Activated Intermediates COD
No. Sludge (mg/1) (mg/1) No, = Sludge (mg/1) (mg/1)

Sorbose Xylose
15 Acclimated 40 35 14 Acclimated 150 50
Sludge . Sludge
Galactose
25 " 135 20 27 Acclimated 100 60
Sludge
Mannose
26 " 100 30 29 Acclimated 60 110
Sludge
Maltose -
28 " 50 50 31 Acclimated 70 70
Sludge
Lactose
30 " 35 35 33 Acclimated 50 170
Sludge
Cellobiose
32 ” 70 30 35 Acclimated 40 40
Sludge
34 " 80 -

x .
Maximum arithmetical difference between sorbose-COD curve and total COD curve
during growth,



CHAPTER V

DISCUSSION

A, Carbohydrate Metabolism and Substrate Interaction

in Heterogeneous Populations

In order to discuss the interaction of carbohydrateé in
a heterogeneous population more clearly, it is appropriate
and necessary to depict the metabolism of carbohydrates used
in this study. Figure 43 shows a general metabolic flow
chart for these carbohydrates, It is seen that glucose,
galactose, mannose, fructose, and sorbose are metabolized
generally via similar routes, These hexoses are phosphory-
lated to individual hexose-6-phosphate by a '"kinase system"
and enter the oxidative pathway (50). In these studies it
has been found that sludge acclimated to one type of hexoses
(e.g., galactose, sorbose, glucose, etc.) can grow on other
hexoses without a lag period. This result may be attributed
to the fact that all of these hexoses are metabolized by
similar routes. The disaccharides may first be hydrolyzed
into the component hexoses, which tﬁén:penetrate_into the
cells and are phosphorylated., After phosphorylation; the
hexoses are metabolized via closely related pathways which

may yield common intermediary metabolites,
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‘Normally, peﬁtoses are metaboliZed via the hexose mbné-.
‘phosphate pathway, while hexdses“may be metabolized through
either the hexosé.monophosphate"oi'glycolytic'ﬁathways, - The
'pentoseS‘are convertedvto-D—xylulose+5—phosphateﬂand‘then
enter the hexose monophosphaté pathway (50), Xylose is
commonly found in nature, whereas lyxose farely appears in
the natural enviroﬁment.v.Mortlock‘and Wood (51, 52) have
indicated that growth of'é. aerbgenes-on'xylose occurs with-
out a lag, i.e,, in one half to one day, and that there‘Was
no evidence for,selection of mutants; but growth on lyxose
occurs with a lag of from'two days to two weeks :and in their
'studies there was evidence for:selection of mutants during
the lag périod. In the present study the enzymes respon-
sible for xylose degradation appeared to be constitutive
in cells‘grown on glucose and.various-othgr carbon sources,'
and couldvbe'easily induced in-otheré}vwhile-orgaéisms”pree
grown on glucose took more than forty.hourS'to induce
lyxose-catabolizing enzymes. These observations seem to be
in agreement with those found by Mortlock and Wood,

Although all of the hexoses used'in this study are
closely related in their mode of metabdlism, the effects of
these hexoses on metabolism of xylose were quite different.
Glucose and fructose exerted a potent repressive effect,
mannose posed a lesser repressive effect, whereas galactose
exerted no effect; This phenoﬁenon can possibly be-explain—
ed on the basis of the rate of;metaboligm,of these compounds,

hence the rate of buildup of a common,ihtermediate. It is
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interesting to note that xylose-acclimated cells used glu-
cose and fructose at rates of 0,426 and 0.357 hr_l respec-

tively, whereas mannose was used at a rate of 0.299 hr—l

and galactose at a rate of 0,277 hr_l. A comparison of the
tate of xyiOse removed and removal of glucose, fructose,
and mannose (Table VI)- indicates that they were all used

at approximately the same rates in the control units;
however, galactose was ‘used at a significantly slower rate
than xylose, This observation is-actually'in agreement

with previous reports by Neidhart and Magasanik (53) in

their studies with Aerobactor aerogenes, from which they

stated that the degree of repression exerted by a compound
depends upon the rate at whichvthat compound supported

growth,

B. Metabolic Control Mechanisms'and Patterns of Substrate

Removal and Growth

AMuch'informetion is now becoming available concerning
the mechanisms of substrate removal and the interactions
which occur in systems with heterogeneous'popuiations and
multicomponent substrate, Although monophasic-growth‘and
coﬁéa;}g§t1SUbstrate removal by_heterogeneous~populatiens
have been found on many carbohydrate combinations (e.g.,
xylose and galactose), the results ef this stﬁdy show that
the interaction of substrates does occur in heterogeneous
populations for a great variety of carbohydrate combina-
tions, and that these interactions often lead to discon-

tindities in the growth and carbon source removal, The pat-
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terns of growth and kinetics of substrate removal for these
combinations indicate that the diphasic growth and sequen-
tial removal are- caused either by repression of enzymes for-
mation (e.,g., xylose -and sucrose) or inhibition of enzymes
activity (e.g., sorbose and glucose). However, sequential
removal accompanied by monophasic' growth and concurrent
removal accpmpanied by diphaSicfgfowth arefa1so:foundﬁin
some special cases, The pattern—of monophasic growth and
sequential removal occurs: when the shift from growth on one
substrate to growth on another substrate is so rapid that
the change of growth rate becomes undetectible (e.g., gal-
ractose and glucose-in Figures 10 and 11), whilé_diphasic
growth and concurrent removal (e.g.,‘xylose and sorbose. in

Figures 26 and 27) are due to the inhibition of catabolites,

C. Significance of Acclimation

Several investigators have emphasized that a period of"
acclimation or adaption is-necessary‘for-optimumvefficiency
of biological systems (54, 55, 56, 57). It was seen from
Tables VII and VIII that the rates of growth and_substraté
removal attained by the sludges supplied with Substrafe to
which they were acclimated are generally faster than the
rates attained by sludge supplied with carbohydrates to
which they were not previously acclimated. This change in
the rates of growth and substrate removal may be brought
about in two ways:

1) increased eniymes.production by the'acclimated

sludges;
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2) a change in the pred@hinant microbrganismss i,e,,
selection of species which were more efficient in utilizing
the substrate, While selection of cells best suited to the
particular eunvironment (in this case the substrate) is
always a prime factor for heterogenéous populations, both
mechanisms of response ih the present studies lead to pro~
duction of a large amount of tﬁe enzymes regquired to wetab- .
‘vlize the substrate.

| From the standpoint of operation of activated sludge
processes, it is evident that the various carbohydrate-
acclimated sludges @mployéd in these studies could accli-
mat@ to the other carbohydrate substrates and remove these
‘gubstrates in é relatively shbrt time, Thus, the microbial
population stabilizing carbohydratejwaste in é treatment
plant (or in the receiving stream) would appear to possess
thé yequired genetic potential for adjustment to new

incoming carbohydrates in the waste stream,

D, Sludge Vield of Carbdhydrate Utilization

| Thevresuits of the present study dindicate that the
sludge yields for carbohydrates (in percent calculated as
increase in biclogical solids divided by COD removal
(column 15, Table 1V) cover a range of 40 to 78 per cent for
populations grown on a single carbohydrate or combinationsv
of carbohydrates; The reasons'why.such a range of cell
yields should be expected for heterogeneous populations
have been thoroughly discussed by Gaudy and Gaudy (48), and

need not be further delineated here; It is important to
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note, however, that‘tﬁe range of sludge yields-observed in
the'present’studies~agre§s well with thoée reported by Rao
and Gaudy (15) and proviaeé further substantiation of their
conclusibn that for design and operation purposes, a range
‘of sludge yield rather than a single figure should be

employed.

. E, Residual COD and Production of Metabolic Intermediates

by Different Acclimated Siudgés |

T@e7resu1ts-shown in Tables IX, X, and XI reveal that
when thexcells are suppliéd with substrates different from
those £© which they were acclimated, the residual CODj
values wém@ S@ﬁewhat highér than those obtained for ac¢1i~
mated sludge, Qne'passible explanation for this finding
may be ghat newly acclimated cells may hot yet be capable
Qf m@taﬁ§1ic utilization - of all materials (i.e., metaﬁdlic
inﬁ@fmediates and/or end products) excreted into the-ﬁedium
%Wwduriﬁg m@tabolism on the new compound. ©On the otﬁer band,
it may'bé ﬁ@SSible that upon prelonged acclimation, sat-
t@llite‘p©pu1ati©ns which make ﬁS@ of residual materials of
other cells can exist, It is interesting to note that
Krishnan, Gaudy and Gaudy (58) hsve isolated species from a
system thwr@ughly acclimated to ‘sorbitol which p@uidibt;grow
©nbsorbit©1 as a sole source of carbon. Since fhe'system
' did not give evidence fsr accumulation of_substantial
amounts éf intermediates duriﬁg sorbitol removal, these
cells may have existed on the Small residugl carbon source-:

provided to them by the sorbitol utilizers or on their



127

lysis products, Such an ecological situation might not be
expected for. a newly activated system, The above specula-
tion could well be the subject of future research,

It is also noted that a considerable  amount of meta—_
bolic intermediates and/or end preductS’were-regeased during
substrate removal., The phenomenon of release of metabolic.
intermediates during the metabolism of glucose has been
reported by  Krishmnan and Gaudy (59). The release of inter~-
mediates~may come about because the rate at which their
‘breakdown products can be channelled into synthesis of
cellular materials such as proteins and nucleic acids*mey
be much slower than the rate of breakdown.of the original
carbon source, Also, the fact that:more intermediates
-accumulated during glucose removal than during-metabolism
of either xylose or sorbose may help explain the represe—
ive effect of glucose on metabolism of these substrates,
since it could be expected that the buildup of a "common
intermediate® would result more rapidly for glucose

metabolism,

F., Effects of Substrate Concentration on Substrate Inter-

actions

Although all of the experiments of this study were
.accomplished with fairly bigh and constant initial concen-
trations of substrates, it is of significant interest to
note that some dependence of substrate interaction on sub-
strate concentration was-ebserved,for~some substrate com-

binations (¢.g., sorbose and glucose), , It did appear that
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the inhibitive capability of gl@cose on the metabolism of
sorbose was detectible only when the glucose concentration
‘was equal to or higher than.a certain . level, Since. the
"structure of glucose closely resembles that of sorbose,

and since the inhibitions did appear to be reversed by a
relative. increase in the concentration of sorbose, the
~dnhibition glucose exerted on the metabolism of sorbose was
of a . competitive nature. This result would seem in keeping
with the concept of'inhibition.whereby’glucose.inhibits via
the buildup: of a common. intermediate since the rate of
utilization of glucose (thus, the rate.of buildup. of the
-common intermediate) might be expected to be controlled in
 some degree- by the substrate concentration,

Bhatla and Gaudy (60) have found that glucose can
-exert a repressive effect on sorbitol utilization:.at low
concentration: (0.03 mg/1) (both compounds were present in
very low concentration BOD bottle studies). McQuillon and .
Halvorsen: (61) have observed that glucose at a low concen-
tratiQnﬁshowed a stimulatory effect on. induction of enzyme
"synthesis in yeasts, whereas at high concentration:.it
caused repression of enzyme synthesis. At present it
seems  that no definite conclusion concerning the effect

of substrate concentration on substrate interactions can

be drawn, Therefore, it appears desirable to extend this
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typevof study to a wide range of substrate concentrations
for various combinations of carbon sources. Such studies
would.have significant ramifications in determining the
need for concern over the kinetic  aspects of/wastewater
purification for various waste components, i,e., it may be
found that such discontinuities are not!applicable for

-certain ratios of concentratious.

G,  Study on the Interaction of Galactose and Glucose

It is of interest to compare the results of this study

- with phenomena observed by other investigators in studies

‘with pure cultures or heterogeneous populations. In Eo coli

glucose has been found to repress adaptation to galactese
(62) and to possess no effect on the activity of the
galactosewcatabolizimg enzymes (63), In natural microbial
communities, glucose has been found to inhibit the activity
~of galactose~catabolizing enzymes and to possess no repres-
"sion on the formation of galactose enzymes by‘Stuﬁm-
Zollinger (27). This observation seems to contradict the
finding hereia reported., Ia both cases the young cells
were acclimated to galactose, and about 360 mg/l of initial
cells were used to feed the units. The figures given by
Stumm-Zollinger show that a slight utilization of galactose
took place in the presence of glucose, but the rate of
galactose elimiration: from the medium was constant and in
all probability the slight galactose removal was due to the
concentration of galactose enzymes formed before the start

of the experiment., This would indicate that glucose

"
1
t
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repressed the formation of»new galactose enzymes but did

not inhibit the aétivity‘of the pre~formed enzymes.
Therefore, it can be concluded that the repression by

gluco§e of the formation of galactose-enzymeS'Qccurred-both

in heterogeneous populations and in pure cultures,

H., Significance of This Type of Study

From the standpoint of operation of biological treat-
ment processes, studies of this type are extremely useful
and necessary, Biological wastewater treatment facilities
rare unit operations which are subjected to severe environ-
mental changes from time to time. So far, however, it has
not proven to be practicable to select. the wastewater or to
control the operational conditions precisely, nor is it
possible to control the species of organism purifying waste-
water. Therefore, it is'exmremely important to gain a bet-
ter insight into the possible interactions of substrates
and to determine experimentally the types of environmental
changes which cause severe disruption of treatment effi-
ciency. - Then, hopefully, we can seek economical ways to
control the environment or seek economical remedial meas~:

ures for unavoidable changes in environment.



CHAPTER VI
- CONCLUSIONS

The results of this study support the following con-
clusions:

1. The enzyme systems responsible for degradation of
many carbohydrates found in.nature are constitutive in
.activated siudge-systems=or can be easily induced on pop-
ulations grown on one carbohydrate,

2. Because of the ease of acclimation to other carbo-
hydrates of most carbohydrate-acclimated sludges, the effect
of shock loads of carbohydrates to activated sludge‘sySfems
previously grown on carbohydrate waste would not appear to
cause drastic upsets in the metabolic efficiency of the
plant for extended periods of time,

3. Substrate interactions (suppressive and/or repres-
sive effect) have been found for a great variety of carbo-
hydrate combinations (shown in Table V ). The results offer
-further proof of Gaudy's findings that substrate interac-
tions may be frequent phenomena and can be observed with
-heterogeneous populations in multicomponent substrate media.
These interactions have been explained on the basis of work

previously reported from the Bioenvironmental Laboratories

3

ial
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of ‘Oklahoma State University,

4, Four patterns of substrate removal and growth iﬁ»a
two~component medium by a heterogeneous population have been
observed in . this study: ~

1) concurrent removal accompanied by monophasic growth;

2) sequential removal accompanied by diphasic growth

caused by time for inductions-and'by;either'repression

of enzyme synthesis or inhibitions of enzymeéactiVity}
3)'§equentia1 removal accompanied by monophaSic growth
caused by rapid shift from growth on one substrate to

another;

4) concurrent removal accompanied by diphasic growth

caused by inhibition of enzymes by metabolic inter-

-mediates, |

The first two patterns are usual océurrences;inxthis_

- 8tudy and in previous work.

5. When the cells are supplied with substrate to
~which they are acclimated, the residual COD values are
- lower compaﬁed.with those obtained from systems fed with a
new: substrate to which they become "newly'" acclimated.

6.  The sludge yield on carbohydrates is not constant
even in the systems fed the~same-substrate. The sludge
yield on all carbohydrates investigated in this study,
measured as percent of substrate consumed, covered the wide
range of. 40 to 78 per cent. for heterogeneous populations
grown on a'single carbohydrate or multicomponent: carbohy~

‘drate medium,



CHAPTER VII
SUGGESTIONS FOR FUTURE WORK

Based on the fesults of the present study, it is felt
that the following research‘aspec£5'wou1d provide valuable
topics for future research:

1, It would be interesting to determine the extent td
which the relative concentration of the carbon sources
“determine the manifestation of sequential substratefremoval;

2. It appears desirable to extend these studies: to
include different environmental conditions (e.g., temper-
ature, pH, absence of nitrogen sources, cell age).

3. It would be of interest to compare the results of
this study with those of similar studies using a Vafiéty of
pure bacteriai cultures,

4, The study should be extended further‘to determine
the extent of substrate interactions in steady state con-
tinuous flow activated sludge processes. . In this type of
gstudy_the waste components which have been.found to.interact
~in the batch studies should be chosen,

5. Further investigations on. the growth response:and
: substgate interactions occurring in a tri-substrate or

- tetra-substrate medium would be of interest.

133
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6. Since almost all of the results:feported-in this
‘research work were obtained at relatively'low;initial
solids concentﬁations, it would be of interest to study

the effect of initial solids concentrations on.substrate

interactions,
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