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ABSTRACT
Optimum Enzyme Treatment for Liberation
and Assay of Pantothenic Acid
in Blood
by
Jan Pearson, Master of Science
Major Professor: Bonita W. Wyse, Ph.D., R.D.
Department: Nutrition and Food Sciences
A great deal of variability has been evident in reported pantothenic acid blood values.

The purpose of .the study was to establish optimum

enzyme treatment for liberation and assay of pantothenic acid in blood
and sera.
There were eight major findings.

First, it was found that there

was an active pantetheinase in sera, negating the need for hog kidney
peptidase or pigeon liver enzyme in whole blood.

The second finding

(related to the first) indicated that there was significant autolysis
of the peptidase bond between the pantothenic acid and cysteamine moieties of coenzyme A in whole blood.

The third finding was that Clarase

(a monoesterase) liberat€d equivalent amounts of pantothenic acid in
fresh whole blood when compared to alkaline phosphatase, but less in
frozen blood.

The optimum time for enzymatic liberation of pantothenic

acid from whole blood was determined in the fourth.

When using alkaline

phosphatase alone, or alkaline phosphatase plus a pantetheinase, maximum
liberation of pantothenic acid occurred at 4 to 5 hours.

The fifth find-

ing was that in sera, acid or base hydrolysis and boiling increased

xiii
pantothenic acid liberation by approximately lQO nanograms over and above
that liberated by enzyme treatment with alkaline phosphatase and
hog kidney peptidase.

In whole blood, both boiling and acid hydrolysis

increased pantothenic acid liberation by approximately 100 nanograms;
however, base hydrolysis did not yield a similar increase in pantothenic
acid.

In the sixth, it was found that substantial autolysis of bound

forms of pantothenic acid (to liberate free pantothenic acid) occurred
in fresh and frozen whole blood at 37°C and 23°C.
not occur in sera or in boiled blood.

The autolysis did

The results from the seventh

finding indicated that blood frozen for 15 months showed less bound
(released by alkaline phosphatase plus hog kidney peptidase) pantothenic
acid and a greater amount of free pantothenic acid than did fresh blood.
The eighth was actually a series of findings in which it was established
that a protease digestion of whole blood with trypsin, chymotrypsin,
papain , or pepsin increased pantothenic acid liberation from whole
blood.

Of the four proteases used, trypsin was found to be optimal for

pantothenic acid liberation.

The pantothenic acid liberated by a pro-

tease digestion was released as free pantothenic acid, and was from a
different source than that liberated by alkaline phosphatase plus hog
kidney peptidase.

When assaying trypsin digested whole blood with
both the radioimmuno and microbiological assay, the r 2 between assays
was 0.901.

The source of the pantothenic acid which was liberated

by the trypsin digestions is unknown.
(144 pages)

CHAPTER I
INTRODUCTION
Pantothenic acid is a vitamin which is essential for human beings,
most other animals, and many microorganisms.

It is a structural compo-

nent of coenzyme A, which is an integral agent in energy metabolism,
acetylation reactions, and fatty acid synthesis.

Pantothenic acid is

also a component of the 4 1 -phosphopantetheine moiety of acyl carrier
protein, which fundctions in the transfer of acyl fragments during fatty
acid biosynthesis (Lehninger, 1978).
Measurements of pantothenic acid in human blood were carried out
by early researchers (Stanberry et al., 1940; Pelczar and Porter, 1941;
Pearson, 1941) using microbiological assays developed by Pennington
et al. (1940) .

These analyses involved no previous enzymatic treatment

of the blood.
The methods were later modified when it was found that treatment
with various enzymes increased the amount of assayable pantothenic acid.
Early work by Lipmann et al. (1950) showed that pantothenic ac i d was
complexed as coenzyme A (although the structure of the coenzyme was not
yet known) and that for release from purified coenzyme A, a duo-enzyme
system of avian liver extract and intestinal alkaline phosphatase was
required.

This procedure was later extended for use on biological

materials (Neilands and Strong, 1948).

Since that time, researchers

have experimented with these and other enzymes both singularly and combined in an effort to determine the pantothenic acid content of blood.
The enzymatically treated samples were then assayed using organisms
specific for pantothenic acid.
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Background of the Problem
Reported values of blood pantothenic acid levels have differed
widely (Table 1).

The variability may be due to the activity and purity

of the enzymes used for releasing bound forms, factors relating to
treatment of the samples, the assay organisms used, the methods of deproteinization, or perhaps various unknowns.

The pigeon liver extract

and alkaline phosphatase duo-enzyme system itself has inherent problems.
One concern is the coenzyme A content of avian liver, some of which
will be converted to pantothenic acid during the incubation period.
This problem has been partially corrected by treatment with ' Dowex-1
(Novelli and Schmetz, 1951), a resin which binds coenzyme A, but the
blank still remains fairly high (Baker and Frank, 1968).

It is also not

known whether there may be other complexed forms of pantothenic acid not
released by conventional enzyme treatment.
Statement of the Problem
In lieu of the microbiological assay , a radioimmunological assay
method has been developed (Wyse et al . , 1979) for determining the
pantothenic acid levels in various media .

The radioimmunological assay

has correlated well with the microbiological assay of blood pantothenic
acid levels using Lactobacillus plantarum and the double enzyme system
(Wyse et al., 1979).

In order for the radioimmunological or any other

assay to be used in determining accurate blood pantothenic acid levels,
however, optimum enzymatic treatment needs to be established.

Also,

the contribution to pantothenic acid liberation of non-enzymatic
treatments (i.e., acid or base hydrolysis, boiling, and autolysis) must
be determined.
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The previously mentioned discrepancies and variability in reported
data show that more work needs to be done in the determination of proper
methods of blood sample treatment prior to assay for pantothenic acid.
Purpose of the Study
The purpose of the study was first, to establish optimum enzymatic
(and/or non-enzymatic) treatment for liberation of pantothenic acid
in blood.

Since the optimum enzyme treatment depends on the forms of

complexed pantothenic acid in blood, a second purpose was to better
quantitate or ascertain if there are other complexed forms of pantothenic
acid in blood.
Objectives of the Study
The objectives were to determine what methods of enzymatic treatment of blood samples are needed in order to provide both optimum pantothenic acid liberation and reproducible results.
The objectives necessary to find the optimum enzyme treatment
included:
1.

Determination of types and levels of enzymes to be used.

2.

Determination of optimum time for maximum enzymatic liberation
of pantothenic acid.

3.

Assessment of the amount of pantothenic acid which may be
released by non-enzymatic means (i .e., autolysis, treatment
with acid or base, boiling, etc.)

4.

Determination of the amount of pantothenic acid which may be
liberated by enzymatic proteolysis.

4

Significance of the Study
Achievement of the objectives should help to eliminate . some of the
current variability in pantothenic acid blood values which have been
reported.

Until the enzymatic treatment of blood for assay of panto-

thenic acid levels has been standardized, reported pantothenic blood
values of persons have little or no meaning when related to pantothenic
acid status.
Research Questions and Methodology
The separate methodologies for each of the following research
questions include:
1.

Is an added pantetheinase necessary in blood, or will alkaline

phosphatase alone yield the same results?
Earlier research in this laboratory indicated that alkaline phosphatase alone may be as effective in releasing the major bound forms of
pantothenic acid in blood as alkaline phosphatase plus a pantetheinase
combined.

There have been variable results with these experimen ts, some

of which possibly may be attributed to the high blank value of the
pigeon liver enzyme used as the pantetheinase.
The peptidase found in hog kidney cortex also has pantetheinase
activity (Novelli et al., 1954).

The hog kidney peptidase has been

partially purified in our laboratory.

As opposed to the pigeon liver

enzyme, when using equivalent activity of the purified hog kidney
peptidase in blood, the blank value is negligible.
Using the hog kidney peptidase and alkaline phosphatase together
verses alkaline phosphatase alone, the amount of pantothenic acid liberated will be compared on 20 different blood samples.

By comparing the mean
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liberation of pantothenic acid by the two different treatments,
the necessity of adding a peptidase will then be evaluated.
2.

To what extent does autolysis of coenzyme A occur in whole

blood and/or buffer?
Blood samples and buffer solutions will be spiked with known
amounts of coenzyme A, then analyzed for amounts of pantothenic acid
liberated.

The results will indicate whether the breakdown of

coenzyme A is from non-enzymatic autolysis, or relates to enzymatic
hydrolysis in the blood.

The preferred substrate (phosphate group or

peptide bond) of the enzyme will _be determined by adding (separately)
hog kidney peptidase and alkaline phosphatase to the coenzyme A preparations in both blood and buffer systems, and the pantothenic acid
liberated from the two samples compared.
3.

Will Clarase, a monoesterase, liberate equivalent amounts of

pantothenic acid when compared to alkaline phosphatase?
Baker et al. (1960) calculated blood levels of pantothenic ac i d to
be appro ximately 450 to 560 ng/ml with treatment by Clarase alone.
Clarase (or diastase) is a monoesterase which is most commonly used in
hydrolyzing starch molecules to maltose or glucose.

In the pantothenic

acid assay system, its esterase activity is used to cleave the phosphate
bond in phosphopantothenic acid or coenzyme A.
4.

What is the optimum incubation time for liberation of panto-

thenic acid from blood when using alkaline phosphatase and/or a pantetheinase?
Traditionally, blood samples have been incubated overnight (approximately 16-24 hours) subsequent to addition of enzymes.

The liberation

of pantothenic acid over time will be assessed and an evaluation made of
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the time span necessary for maximum pantothenic acid liberation.
5.

What is the relative amount of pantothenic acid in sera?

l~hat

is the contribution of the following procedures to pantothenic acid
liberation:

Boiling, pH adjusting to 4.5, and extracting fats with

chloroform? What is their effect on pantothenic acid release from
whole blood?
Baker and Frank (1968) calculated average serum pantothenic acid
values to be 200 ng/ml.

Markannen's (1973) data indicates that serum

has an average pantothenic acid content of 3,480 ng/ml.

Markannen

conjectures that there is a substance present in red blood cells which
may interfere with the extraction and measurement of pantothenic acid.
Unfortunately, his methods of sample preparation are not well described.
One difference in his sample treatment includes boiling of the serum
for deproteinization.

Data from our laboratory indicates that the method

of deproteinization may have an effect on the microbiological assay
for pantothenic acid.

False high values may be obtained from micro-

biological growth attributed both to pantothenic acid and also from a ,
second growth factor not destroyed by autoclaving.

The radioimmunoassay

does not seem to be similarly sensitive to this deproteinization technique.
Other differences in Markannen's sample preparation include adjusting the pH of the sera to 4.5 and the use of chloroform to extract fat,
presumably because of the inhibitory effect fat may have on the growth
of the microorganisms used for the assay.

He did use both pigeon 1i ver

extract and intestinal phosphatase to liberate pantothenic acid from
complexed forms, although the relative amounts used cannot be determined
from his paper.
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Using the radioimmunoassay for the measurement of pantothenic acid,
as accurate a representation as possible of his sample preparation will
be followed to substantiate or refute his data.

If an increase in

pantothenic acid is measured, the contribution of each of the variables
in his procedure (pH adjusting to 4. 5, extracting fats with chloroform,
and boiling) will be determined, and also their effects on whole blood
assessed.
6.

What is the contribution of autolysis to the liberation of

pantothenic acid from whole blood? What is the time and temperature
dependence of the autolysis?
Hatano (1962) measured pantothenic acid liberation from blood samples
kept at room temperature for various amounts of time.

After 72 hours,

the pantothenic acid recovery had increased (up to 273 ng/ml).
conjectured that this increase was due to autolysis.

He

To determine if

there is autolysis of bound forms of pantothenic acid which can be measured using the radioimmunoassay, measurements of free (pantothenic acid
liberation with no enzyme treatment) verses bound (free pantothenic acid
subtracted from that liberated by both alkaline phosphatase and a panetheinase) will be taken on the following blood samples:
A.

Fresh and frozen blood samples at 0 time (approximately) and

at 3, 8, 16, 24, 48, and 72 hours (or until pantothenic acid values
peak) incubated at both 23°C and 37°C.
The samples kept at the two temperatures will be layered with toluene
and/or have thimerosal added to prevent microbial growth.
B.

Frozen blood samples. Bound verses free pantothenic acid will

be determined on frozen blood samples less than 30 days old, and on
those up to one year old.
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The calculation of bound verses free pantothenic acid in these
instances will aid in determining what autolysis occurs, and the temperatureand time dependence of the autolytic process.
7.

Are there forms of pantothenic acid not released by conventional

enzyme treatment which may be released by enzymatic proteolysis?
Results of earlier experiments indicated that boiling or pH adjusting to 4.5 or lower may increase pantothenic acid liberation.

Because

these two procedures cause protein denaturation, it is possible that
pantothenic acid may be either covalently or non-covalently bound to
proteins and is not being fully released by conventional enzymatic
treatment.
To determine whether proteolysis may increase pantothenic acid
liber~tion,

trypsin, chymotrypsin, pepsin, and papain will be used in

whole blood studies.

The pantothenic acid liberated when each of

the proteolytic enzymes is used will be measured.

After proteolytic

digestion, alkaline phosphatase plus hog kidney peptidase wil l then
be added to the blood samples and the pantothenic acid liberated
again measured.
If a protease is found to be necessary in blood, appropriate experiments will be conducted to determine the optimum amount of the protease to use, the optimum time for incubation of the protease in whole
blood, and the pantothenic acid liberation by a protease digestion in
plasma, red blood cells, and the protein fraction of the blood.
The microbiological assay will be used in one of the separate experiments to validate results obtained by the radioimmunoassay.
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Reporting of Results
The outcome of each of the individual experiments will be reported.
The reporting will include comparisons to existing data, assessment of
the significance of the outcomes, and recommendations made.
Limitations
Attempts will be made to carefully control external variables in
the experiments.

The activity and purity of the enzymes will be con-

trolled as much as possible.

Both the activity of alkaline phosphatase

and the hog kidney peptidase can be measured in our lab.

However, the

variability in existing data indicates that the basic properties of blood
itself (such as unforseen enzymatic or catalytic activity, problems in
precise measurements due to its viscosity, and individual variation)
may provide limitations on accuracy.

Table 1.

Methods of analysis and blood values of pantothenic acid obtained by
various researchersa

Name

Year

Organism for
Assay

Enzyme Treatment

Stanberry et a 1.

1940

L. casei

None

225

\~ho 1e

Pearson

1941

P. morgani i

None

194

Whole Blood

Pelczar, Porter

1941

P. morganii

None

59

Whole Blood

Jannes

1950

L. plantarum

Alkaline Phosphatase

Slepyan et i:ll.

1957

L. plantarum

Baker et al.

1960

Ishiguro et al.

Hatano
ght
and Elliot

Barton-\~ri

Mean PA Levels
ng/ml

Blood Fraction

Blood

1800 Tota 1
150 Free

Whole Blood

Alkaline Phosphatase plus
Pigeon Liver Enzyme

460 Total
116 Free

Whole Blood

T. pyriformis
L. plantarum

Clarase
Clarase

470
560

Whole Blood
Whole Blood

1961

L. plantarum
L. plantarum

Takadiastase-papain
Alk Phos plus Pigeon Liver
Enzyme (Deproteinized
Samples by Boiling 15 Min.,
Adding 10% Trichloroacetic
acid)

670
1053

Whole Blood
Whole Blood

1962

L. plantarum

Alk Phos plus Pigeon Liver

464

Whole Blood

1963

L. plantarum

Al k Phos plus Pigeon Liver

1077 (non-Veg)
2622 (Vegetarian)

Whole Blood
0

Table l .

(continued)

Mean PA Levels
ng/ml

Blood Fraction

Name

Year

Organism for
Assay

Enzyme Treatment

Koyanagi et al.

1966

L. plantarum

Alk Phos plus Pigeon
Liver Enzyme

137

Serum

Baker et al .

1968

L

p1antarum
L. plantarum

Clarase
Clarase

250
200

Blood
Serum

r~arkannen

1973

L. plantarum

Alk Phos plus Pigeon Liver
(Boiled Serum - pH Adjusted
to 4.5, Extracted Fats with
Chloroform)

3840

Serum

Cohennour et a l.

1972

L. pl antarum

Alk Phos plus Chic ken Liver

1830

Whole Blood

Ellestad-Sayed
et al.

1976

L. pl antarum

Alk Phos plus Pigeon Liver
Enzyme

50 Free
80 Bound
130 Total

Ellestad-Sayed
et al.

1976

L. p1anta rum

Alk Phos plus Pigeon Liver
Enzyme

50 Free
1600 Bound
1700 Total

aWhere experimental and control groups were compared, only control values were reported

Plasma

Red Blood Cells
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CHAPTER II
REVIEW OF LITERATURE
In 1933, pantothenic acid was recognized as a growth factor for
yeast (Williams et al., 1933).

Subsequent research on the essential

nutrients for a particular variety of yeast, Sacromyces cerevisae, was
largely responsible for the isolation ·and partial purification of
pantothenic acid from sheep liver by Williams et al. in 1938.
At about the same time that the nutrient requirements for yeast
were being studied, Norris and Ringrose (1930) described a chick dermatitis which resulted from a deficiency of the
complex. 11

11

thermostable Vitamin B

The response of the dermititis to administration of panto-

thenic acid concentrates (Wooley et al ., 193g), as well as the pre vention of the dermititis by administration of calcium pantothenate
were reported (Jukes, 1939).
Though it was recognized as a vitamin, the major development in
th e elucidation of its metablic role came only when coenzyme A was
identified as the active factor in metabolic acetylations (Lipmann
et a 1 . , 1950) .
Pantothenic acid, as a component of coenzyme A, participates in
the metabolism of two carbon units.

Binding of acetyl

coenzyme A leads to the formation of active acetate
11

11

fragments to
units, and allows

the coenzyme to serve as a shunt between acyl donors such as pyruvate,
acetoacetate, or acetyl

phosphate and acetyl acceptors such as oxalo-

acetate, hydroxylamine, and acetoacetate (Chou and Lipmann, 1952).
role of coenzyme A makes it integral to fat, carbohydrate, and

The
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protein metabolism. and to the synthesis and oxidation of fatty acids.
cholesterol. sphinogosine, citrate, porphyrin, and steroids.
Although it has not been isolated as such from mammalian tissues.
pantothenic acid has been shown to be a component of the 4 1 -phosphopantetheine moiety of acyl carrier protein.

In bacteria and in plants,

acyl carrier protein is a specific and soluble

facto~

In fatty acid

biosynthesis. acyl groups are covalently bound as thioesters to the
terminal thiol group of the 4'-phosphopantetheine moiety (Sabaitis and
Powell. 1976).

Thus. in being a component of both coenzyme A and acyl

carrier protein, pantothenic acid occupies a dual role in fatty acid
biosynthesis.
Pantothenic Acid Measurement in
Biological Tissues
The measurement of pantothenic acid in biological tissues was
carried out by early researchers using the growth responses . of the
~·

carlsbergensis yeast or chiEks (Pennington et al .• 1940).

were later expanded to include various lactic acid organisms.

These
Snell

et al. (1937) described the use of 13 species of lactic acid bacteria
for assay purposes,

employing~·

Another lactic acid organism.

~·

debruckii

and~·

casei most routinely.

plantarum. was described by Skeggs and

Wright (1944). and is currently the most commonly used organism in the
microbiological assay for pantothenic acid.
When the various assays for pantothenic acid were first being
developed, it was found that measurements with the yeast or organisms
usually yielded values which were lower than those found with the chick
bioassays (Bird and Thompson, 1967).

For example, a sample of dried
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Brewer•s yeast yielded values of 25 mcg/gm when the microbiological
assay was employed verses values of 204 mcg/gm obtained from chick
bioassays.
These discrepancies were partially explained when Ives and Strong
(1946) recognized that biologfcal samples must be treated with a
hydrolytic procedure in order to increase the total measurable pantothenic
acid.

Usfng Clarase (a monoesterase), pancreatin (a mixture of enzymes

from the pancreas of the hog or ox), papain (a sulfhydryl protease),
Polidase-S (a cultured vegetable enzyme product), Mylase-P (a fungal
amylase enzyme), and rat mucosa extract for enzymatic hydrolysis, they
found Clarase and

~1ylase-P

to be optimal for the llberation of pantothenic

acid.
Novelli . et al. (1949) while doing experimental work with coenzyme A,
found that extracts of acetone-dried pigeon liver were capable of
inactivating the coenzyme.

Their findings indicated that pantothenic

acid was a component of coenzyme A, leading to the development of a
method to more fully liberate pantothenic acid from tissues.

They

concluded that a pigeon liver enzyme alone was insufficient to release
all of the coenzyme A complexed pantothenic acid.

However, a duo-enzyme

treatment, consisting of the pigeon liver enzyme plus an intestinal
phosphatase, did release the coenzyme bound pantothenic acid.
The ability of the two enzymes to liberate pantothenic acid from
coenzyme A involves two cleavage points.

The phosphatase cleaves

pantetheine from its diphosphoesterase linkage to adenine, and the
pigeon liver enzymes cleave the peptide linkage between pantothenate
and beta-mercaptoethylamine (Novelli et al., 1954).
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Appropriate activity of the two enzymes, therefore, would release
any pantothenic acid from coenzyme A, phosphopantetheine, phosphopantothenic acid, dephospho coenzyme A, pantetheine, pantethine, etc.
Lipmann et al. (1950) found that the combined action of the two enzymes
releases 85 to 90 percent of the pantothenic acid complexed as coenzyme
A (when calculated from the beta-alanine content).
Preparation of Blood Sameles for
Measurement of Pantothen1c Acid
Prior to the discovery of the coenzyme A complexed pantothenic acid,
the earliest researchers (Stanberry et al., 1940; Pelczar and Porter,
1941; Pearson, 1941) used a microbiological assay developed by
Pennington et al. (1940) to measure blood pantothenic acid levels.
After the work of Lipmann, Kaplan, and Novelli (1949) indicated
that intestinal phosphatase plus pigeon liver enzyme could release
coenzyme A complexed pantothenic acid, researchers began experimenting
with these two enzymes plus others in order to maximize pantothenic
acid release from biological tissues.
Neilands and Strong (1948) employed the duo-enzyme treatment in
foods and found a four to ten fold increase in the measurable yield of
pantothenic acid when compared to previous hydrolytic methods.

They

noted, however, that the pigeon liver enzyme yielded high blank values
due to its coenzyme A content.
Novelli and Schmetz (1951) later found a way to partially reduce
the high blank value of the pigeon liver extract by treatment with a
Dowex-1 resin.

They described the method of preparation of the two

enzymes (alkaline phosphatase plus pigeon liver enzyme) including
optimum amounts to use.
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The enzymes which have been used in determining pantothenic acid
levels in blood, as well as the pantothenic acid measured by the various
enzymatic treatments are described in Table 1.

It is evident that the

values obtained by earlier researchers (Stanberry et al ., 1940; Pelczar
and Porter, 1941; Pearson, 1941) were lower than those obtained when
various hydrolytic procedures were employed.

However, there is a great

deal of variability in results obtained by later researchers.

Even

among those whose methods of enzymatic treatments were similar, and who
used the same assay organisms, much variability is seen.
Jannes (1950) first experimented with papain, a proteolytic enzyme.
He experienced problems, however, when using this enzyme because of the
variable blank value.

He then tried to prepare the pigeon liver en-

zymes, but experienced many problems due to lability.

He finally

utilized only the alkaline phosphatase, obtaining values of 1,800 ng/ml
whole blood , using

l· plantarum as the assay organism.

Baker and Frank (1968) found Clarase (a monoesterase) to be the
most reliable method of enzymatic hydrolysis when compared to autolysis,
acid hydrolysis, treatment with Mylase-P, or combinations
and papain or liver enzyme and alkaline phosphatase.

of diastase

In separate

studies conducted by Baker, using similar populati ons, he reported mean
values of 560 ng/ml of pantothenic acid in whole blood when using

l· plantarum as the assay medium (1960); while in 1968, he reported
values of 250 ng/ml in blood and 200 ng/ml in sera, again using
L. plantarum.
Ishiguro et al. (1961) stated that enzymatic liberation of pantothenic acid in blood by acidic phosphatase enzymes such as Takadiastasepapain verses alkaline phosphatase plus pigeon liver enzyme was
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incomplete.

Comparing the two different enzyme treatments, they found

values of 670 ng/ml and 1,053 ng/ml, respectively.

Their method of

deproteinization included boiling for 5 minutes followed by the addition
of 10% trichloracetic acid.
That the method of deproteinization may affect pantothenic acid
values was shown in our laboratory.

A radioimmunoassay, developed by

Wyse et al. (1979) has been shown to be specific for pantothenic acid .
The pantothenic acid content of blood samples (from 68 noninstitutionalized elderly subjects) was measured by both the radioimmunoassay and
the microbiological assay (using L. plantarum) after deproteinizing the
blood samples by autoclaving (121°C.).
assays of r

There was a correlation between

= 0.80. However, in an unpublished study conducted in our

laboratory, heat treatments at 70°C verses 121°C were used to deproteinize blood samples.

When comparing values obtained from the radioimmuno-

assay to the microbiological assay, the values from the microbiological
assay (using h· plantarum) were much higher (approximately double) when
the samples were boiled rather than autoclaved to extract the proteins.
The values from the radioimmunoassay, however, did not change when the
two deproteinization techniques were compared, indicating that the
microbiological assay may possibly respond to some growth factor other
than pantothenic acid.

Many of the researchers did not describe the

method of deproteinization used when preparing blood extracts for
analysis using the microbiological assay.
Although he did not describe his method of deproteinization,
Hatano (1962) described in detail the microbiological assay for pantothenic acid levels in blood using h· plantarum as the assay organism.
Using both pigeon liver enzyme and alkaline phosphatase, he determined
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optimum levels of the two enzymes (one half of Lipmann's original enzymatic solution: extract of pigeon liver, 2 percent intestinal phosphatase solution, and 1.0 M tris buffer [pH 8.3] mixed in a proportion
of 2:1 :1).

He also determined the optimum time for enzymatic hydrolysis

to be at least 16 hours.
One of Hatano's most interesting findings was the contribution
which autolysis made to the liberation of pantothenic acid in whole
blood.

He found free pantothenic acid to increase from 25 to 273 ng/ml

after 72 hours.

However, he did not report if the total pantothenic

acid recovered also increased.
Hatano's measurements for mean pantothenic acid values in whole
blood using both alkaline phosphatase and pigeon liver enzyme were
465 ng/ml, closely approximating those which Baker et al. obtained in
1960 using only Clarase.
However, Ishiguro et al. (1961), Barton-Wright and Elliot (1963),
Cohenour et al. (1972), and Ellestad-Sayed et ·al. (1976) all found comparatively higher values when using both the alkaline phosphatase and
the pigeon liver enzyme.
assay organism.

All four groups used h· plantarum as the as-

However, only Ishiguro described his method of depro-

teinization, boiling and addition of 10% trichloracetic acid.
Pantothenic Acid in Sera
Reported values for pantothenic acid in sera vary widely .
Koyanagi et al. (1966) reported values of 137 ng/ml, while Baker and
Frank (1968) found values of 200 ng/ml of sera.

The two researchers

again used Clarase for the hydrolysis of bound pantothenic acid, while
Koyanagi used both alkaline phosphatase plus the pigeon liver enzyme.
Both groups used h· plantarum for assay of the pantothenic acid.
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Markannen 1 s (1973) values of 3,890

~

1,960 ng/ml of sera are most

disparate from any of the others reported, yielding approximately a
150-fold increase.

Unlike the other researchers, after enzyme treatment

he pH adjusted his samples to 4.5, and extracted the fats with chloroform.

Like Ishiguro (1962), he boiled the sera to denature proteins,

yet did not actually precipitate the proteins prior to assaying for
pantothenic acid.

Perhaps incomplete deproteinization of the sera gave

false high pantothenic acid values when using the microbiological assay.
Divergence in Blood Pantothenic Acid
Values Between Groups
Some of the variation in the reported pantothenic acid blood values
may relate to the divergence seen in different groups.

Barton-Wright

and Elliot (1963), using the alkaline phosphatase plus pigeon liver
enzyme, found divergent values between two different groups, vegetarians
and non-vegetarians.

They found mean values of 2,622 ng/ml whole blood

for the vegetarians and 1,077 ng/ml for the non-vegetarians.

They

attributed this variation in blood pantothenic acid levels to the
differences in the intestinal flora of the two groups, and conjectured
that the flora of vegetarians may contain active pantothenic acid
synthesizing organisms.
Ishiguro (1962) reported levels of bound pantothenic acid
to range from 400 - 700 ng/m1 in pregnant women.

These values were

lower than those of 610-1,210 ng/ml for non-pregnant controls.
et al. (1976) found a similar trend.

Cohenour

Comparing pregnant and non-pregnant

teenagers, they found levels of pantothenic acid to be significantly
higher in the non-pregnant (1 ,830 ng/ml) than pregnant (1 ,030 ng/ml)
teenagers.

Baker et al. (1975), however, found mean values of 250 ng/ml
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in non-pregnant healthy females verses 442 ng/ml in mothers at parturition.

Srinivasan and Belavady (1976) found mean pantothenic acid values

of 600 ng/ml in Indian pregnant women up to 28 weeks of gestation and
values of 569 ng/ml in those from 29 weeks of gestation to term.

These

values were not significantly different from those of non-pregnant
controls (626 ng/ml).
Ishiguro (1972) also found an aging effect on levels of blood
pantothenic acid.

Studying blood values in females over 39, he found

mean values of blood pantothenic acid to decrease from 964 ng/ml in
women 40-44 years of age to 739 ng/ml in women 75 plus years of age.
Bound Verses Free Pantothenic Acid
in Disease States
The levels of bound (that measured by enzymatic hydrolysis) verses
free (that measured with no hydrolytic procedure used) pantothenic acid
were reported by Slepyan et al. (1957), Ellestad-Sayed et al. (1976)
and Hatano (1962) .

All three groups wanted to see the effects of

various disease states on the bound and free pantothenic acid.
Ellestad-Sayed et al. (1976) reported values for both red blood
cells and plasma in a control group and in patients with granulomatous
colitis.

They found no difference between the two groups.

Hatano (1962) stated that the synthesis of coenzyme A from pantothenic acid is disturbed in liver injury.

Using whole blood, he found

an increase in the free form in 81 percent of his patients with liver
disease and a decrease in the bound form in 57 % (causing a low
bound/total pantothenic acid ratio).

In patients showing improvement

of liver injury, this low ratio of bound/total pantothenic acid had a
tendency to return to normal levels.
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Slepyan et al. (1957) noted the role which coenzyme A plays in
steroid biosynthesis and the adrenal insufficiency often seen in lupus
erythematosus patients.

They conjectured that coenzyme A levels may

then be low in patients with lupus.

Their hypothesis was supported when

their findings showed lower than normal ratios of bound/free
acid in lupus patients verses controls.
respectively.

pantothe~ic

The ratios were l .9 and 4.3,

The bound/free ratios reported, however, are absolute

amounts and do not differentiate that released from coenzyme A verses
phosphopantetheine, dephospho coenzyme A, phosphopantothenic acid,
pantetheine, etc.
Summary
Novelli, Kaplan, and Lipmann (1949) discovered that pantothenic
acid was a component of the coenzyme A molecule .

Their discovery led

to a method to more fully liberate pantothenic acid from coenzyme A,
and subsequently from biological tissues, by employing both pigeon
liver enzyme and alkaline phosphatase.

Since then, researchers have

experimented with these two enzymes plus others in order to optimize
pantothenic acid release from blood.
The data in Table 1 clearly indicates the variability in pantothenic
acid values obtained by various researchers.

Along with the organism

used, possible reasons for the variation may be attributed to the types
and levels of enzymes used, the method of deproteinization, divergence
between populations, various non-enzymatic hydrolytic procedures,
autolysis, or perhaps certain unknowns.
The use of a radioimmunoassay has shown that one of these variables,
using boiling as the deproteinization technique, may give false high
values when employing the microbiological assay.
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In 1967, Bird and Thompson stated that the optimum enzymatic pretreatment of blood for liberation of pantothenic acid does not seem to
have been established with certainty.

From the wide variability still

seen in reported blood values, it is evident that a need still exists
for the determination of optimum enzyme treatment of blood prior to
assay for pantothenic acid.

23
CHAPTER III
METHODOLOGY
The objectives of the present study were first, to elucidate
optimum enzyme treatment for liberation and assay of pantothenic acid
in blood, and second, to better determine complexed forms of pantothenic
acid in blood.
The routine blood assay which had been used in our laboratory for
pantothenic acid will first be described.

The separate methodologies of

the experiments designed to meet the above stated objectives will follow.
In all cases, the alkaline phosphatase was purchased from Sigma
Chemical Company (P . O. Box 14508, ?t . Louis, Mo. 63178) and was either
type VII (P4502), or type I (P3877) from bovine (calf) intestine.
activity used in the separate experiments is specified.

The

One unit of

alkaline phosphata se hydrolyzes l micromole of p-nitrophenyl phosphate
per minute at 30°C, pH 10 . 2.
The pigeon liver enzyme was also purchased from Sigma Chemical Co.
(acetone powder, L8376) and was treated with a Dowex-1 exchange resin
to remove endogenous coenzyme A (Novelli and Schmetz, 1951).
The hog kidney peptidase used was either a (NH ) so or butanol
4 2 4
fraction (Wittwer, 1979, unpublished observation). Again, the activity
utilized was specified.

One unit equals 1 nanomole of pantetheine

hydrolyzed per minute at 37 °C, pH 8.2.
Standard Radioimmunoassay Procedure
for Assay of Pantothenic Acid Levels
in Blood
To 0.5 ml whole blood (lysed by freeze-thawing three times) was
added 0.02 ml l .0 M tris buffer (pH 11) to adjust the pH of the blood to
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approximately 8. 2; 2. 2 units alkaline phosphatase and 0.25 unit of
dowex treated pigeon liver enzyme or hog kidney peptidase were then
added along with 0.02 ml of a 1 :30,000 (weight/volume) dilution of
thimerosal (as an antimicrobial agent).

The samples were heated in a

waterbath (37°C) overnight (approximately 15 - 17 hours).
The blood proteins were precipitated with two volumes 0.3 N BaOH or
2
0.5 N NaOH and two volumes 5% (weight/volume) Znso ·7H o per one volume
4 2
blood. The BaOH or NaOH, and Znso 4 were first standardized with one
2
another as follows: 10 ml of 5% Znso 4 was added to 100 ml of distilled
water in a beaker .
BaOH 2 or 0.5 N NaOH.

This solution was titrated to pH 8.2 with 0.3 N
The amount of BaOH

i n the titration was recorded.

This

2

or NaOH which had been added

or
2
The more concentrated solution was diluted
amoun~

equalled parts BaOH

NaOH per 10 parts Znso4 .
to equal the other solution.

The proteins were precipitated by first adding the BaOH or NaOH
2
to the blood sample, vortexing, then adding the znso and again vortex4
ing well. This solution was centrifuged for 3- 4 minutes at approx- _
imately 2,000 rpm to give a clear supernatant (Somogyi, 1930;
Somogyi, 1945) .
The blood samples were then prepared for the radioimmunoassay (Wyse
et al .. 1979) according to the following procedures:

After centrifu-

ging, 0.5 ml of the clear supernatant was pipetted from each sample
into separate test tubes . At the same time, d-calcium pantothenate
standards (see Appendix A) were prepared for the standard curve as
follows:
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Ca(Pa)S
ng/.07 ml

Amount of Standard
ml

Distilled Water
ml
.500

0 (Blank)
100

.075

.425

60

.075

.425

35

.075

.425

25

.075

.425

15

.075

.425

10

.075

.425

5

.075

.425

After both samples and standards had been prepared for assay, the
following solution of 3HPa, antisera, and PBS (phosphate buffer saline,
see Appendix A), was prepared to yield a 1:100 dilution of antisera to
3
PBS: 0.10 ml antisera, 9.90 ml PBS, 1.0 ml diluted HPa (New England
Nuclear, specific activity equalled 30 millicuries/millimole).
3HPa was diluted by using 5 microliters 3HPa/13 ml H 0 to give
2
approximately 15,000 counts/0.055 ml.

The

To each test tube containing both samples and standards was added
0.55 ml of this solution .

The tubes were allowed to equilibrate at

room temperature (23°C) for approximately 15 minutes, then placed on
ice.
The nitrocellulose technique was used to separate the pantothenic
acid bound to the antibody verses unbound (free) pantothenic acid.
The ability of nitrocellulose filters to adsorb proteins was first
discussed by Gershman (1972).

The method which was used in our labor-

atory differs in that both the bound (filter) and free (aqueous)
fractions were analyzed.

26
In utilizing the nitrocellulose technique, the samples were
allowed to equilibrate for 15 minutes, then placed on ice as previously
described.

Two scintillation vials were set up for each tube, one for

the bound fraction and one for the free.

The contents of the tubes

were vacuum filtered through a prewetted 25 millimeter nitrocellulose
filter (Schleicher and Schuell, Keene, N.H. 03431) into a scintillation
vial using a hypodermic-cork filtration device.
Laboratory vacuum was used for filtration of the samples.

It

took a few seconds for the solution, which was applied quickly and evenly, to be filtered.

Within a few seconds of filtering the samples,

approximately 0.6 ml of ice cold PBS was applied in a similar manner.
Before removing the filtration device from a vial, the vacuum was
broken by lifting the filter, forcing the wash caught in the stem to
pour into the vial.

The filter was transferred into a separate vial.

The procedure was repeated for all samples .
Ten ml of Dimilume-30 (Packard Instrument Co., Inc. 2200 Warrenville
Rd., Downers Grove, Ill. 60615) was added to each aqueous vial and 10
ml of Filter Count (Packard Instrument Co.) was added to each filter
vial.

Both were shaken well, until the contents were dissolved.
The vials were placed in a scintillation counter, filter (bound)

first, followed by free (aqueous) second .

The % bound was then

calculated using ESR-DPM (see Appendix B).
A standard curve was constructed from the percent bound of the
5, 10, 15, 25, 35, 60, and 100 nanogram pantothenic acid standards
(see Appendix C).

From the standard curve and % bound of the samples,

the nanograms of pantothenic acid in each sample was calculated.
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By applying appropriate dilution factors, the nanograms per milliliter
of whole blood was determined.
For all of the separate experiments described, after precipitation
of the proteins with BaOH or NaOH and Znso , the nitrocellulose tech2
4
nique and standard radioimmunoassay previously described were utilized.
Microbiological Assay of Pantothenic
Acid Levels in Blood
For some of the experimental procedures, the microbiological assay
was used to validate results obtained by the radioimmunoassay.
certain modifications,

With

the procedure followed was derived from that of

the Association of Official Analytical Chemists (Howitz, 1975).
The microbiological assay used in this laboratory for measurement
of pantothenic acid in blood was as follows:

Lactobacillus MRS broth

(Difco 0881) was prepared by dissolving 55 gm in 1 liter H20, then
heating to boiling. Five ml of this broth in several test tubes was
autoclaved for 15 minutes then cooled to room temperature.

A lyophil-

lized sample of Lactobacillus plantarum cells (ATCC 8014, American Type
culture collection) was thawed and added to one of the tubes containing
the MRS broth.

The solution was incubated at 37°C for 16 hours.

Blood was prepared as for the radioimmunoassay.

However, after

the precipitation of the proteins, the clear supernatant was removed
and diluted when necessary to place it between the range of the 10 to
120 ng standard curve of the microbiological assay.
The samples for the standard curve were prepared as follows:
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Ca(Pa)
ng/.07§ ml
0 (Blank)

Amount of
Standard
ml

dd H20
ml

Basal Media
ml

0

2.5

2.5

10

.075

2.425

2.5

20

.075

2.425

2.5

25

.075

2.425

2. 5

30

.075

2.425

2.5

40

.075

2.425

2. 5

60

. 075

2.425

2.5

80

.075

2.425

2.5

120

. 075

2.425

2.5

The pantothenic acid medium (Difco Laboratories, P.O. Box l058A,
Detroit, Michigan 48232) was prepared by mixing 7.3 gm of the powder in
100 ml distilled H 0; 0.1 % by volume of a 10% solution of Polysorbate 80
2
was added. When the basal media, samples, and standard had been mixed,
they were autoclaved at 212°C for 10 minutes, then cooled.
The Lactobacillus plantarum:MRS broth solution was centrifuged for
10 minutes.

The supernatant was poured off and the cells resuspended

in 0.9% sterile saline (10 ml).

This procedure was repeated three times.

The washed Lactobacillus plantarum cells were then used to inoculate
the cooled tubes containing the basal medium, samples, and standards
(1 drop/tube) .
The inoculated tubes were then incubated at 37°C overnight (1720 hours).
10 minutes.

After incubation, the tubes were autoclaved at 12l °C for
The absorbance was read on a Gilfqrd spectrometer, which

was set at 620 nm.
A standard curve was constructed from the 10, 20, 25, 30, 40, 60,
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80 and 120 ng pantothenic acid standards (see Appendix D).

The panto-

thenic acid of the samples was determined from the standard curve.
Appropriate dilution factors were used to calculate the ng pantothenic
acid per 1 ml whole blood.
Experiment 1. Pantetheinase
Activity in Blood
Purpose.

To determine the necessity of adding an exogenous pante-

theinase to blood.
Procedure.

The blood used was frozen for approximately six months.

It was obtained from 22 free-living elderly citizens, and was collected
in heparinized tubes.
three times.

Red blood cells were hemolyzed by freeze-thawing

For each individual, the blood pantothenic acid content

was determine by using both the following hydrolytic methods:
Method A - To 0.5 ml whole blood was added 0.38 ml distilled water,
2.20 units alkaline phosphatase solution, 0.02 ml pH 11 1.0 M tris
buffer, and 0.02 ml 1:30,000 dilution thimerosal.
Method B - To 0.5 ml whole blood was added 0.28 ml distilled water,
2.20 units alkaline phosphatase, 0.10 ml 1:10 dilution (NH ) so
4 2 4
fraction hog kidney peptidase (3.0 units), 0.02 ml pH 11 1.0 M tris
buffer, and 0.02 ml 1:30,000 dilution thimerosal.
All samples were incubated for 16 hours in a waterbath at 37°C.
Proteins were precipitated with 0.3 N BaOH

and 5% Znso .
4
2
The pantothenic acid content of the blood samples of the two

groups was measured and compared.

A student 1 s t test (0.05 signifi-

cance level) was used to determine if there was a significant difference between the two groups.
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Experiment 2. Hydrolysis of
Coenzyme A in Blood and Buffer
Purposes.

(1)

To determine if hydrolysis of coenzyme A occurred

in both blood and buffer, and (2) To assess whether hydrolysis occurred
after addition of alkaline phosphatase (indicating peptide hydrolysis)
or hog kidney peptidase (indicating hydrolysis of the phosphate bond)
and the extent of the hydrolysis in both blood and buffer.
Procedure A.

Coenzyme A hydrolysis in blood.

Coenzyme A purchased

from Sigma Chemical Co. (P .O. Box 14508, St. Louis, Mo. 63178) was used.
A 50 mg bottle (C-5886) contained 91 % coenzyme A, 2 Na/mole, and 3.5
H2o per mole.
Ten mg of the coenzyme A was diluted in 500 ml H 0; 0. 133 ml of this
2
was added to 0.5 ml whole blood to give an equivalence of a pantothenic
acid spike of 571 ng pantothenic acid per l ml of blood.
For the hydrolysis of coenzyme A in blood, all test tubes contained
0.5 ml whole blood, 0.02 ml 1.0 M tris buffer (pH 8.2), and 0.02 ml
thimerosal (l :30,000 dilution) plus the following:
CoA spike
ml

Alkaline Phos
units

Hog Kidney Peptidase
units

0.480
0.347

0.133

0.247

0.133

0.247

0.133

0.147

0.133

0.380

2.2
3.0
2.2
2.2
3.0

0.380
0.280

3.0

2.2

3.0
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The tubes were incubated 16 hours at 37°C.

Proteins were precipi-

tated by the addition of 5% Znso
Procedure B.

and 0.5 N NaOH.
4
Coenzyme A hydrolysis in buffer.

of coenzyme A was used.

The same dilution

All tubes contained 0.02 ml of a 1:30,000

dilution thimerosal and were prepared as follows:
*Buffer Solution
ml

CoA Spike
ml

0.847

0.133

0.747

0.133

0.747

0.133

0.647

0.133

Alkaline Phos
units ·

Hog Kidney Peptidase
units

2. 2
3.0
3.0

2. 2

*The buffer solution used was 0.05 M MgC1 2 in 0.5 M tris buffer
(pH 8.2).
The tubes were incubated 16 hours; 5% Znso and 0.5 N NaOH were
4
added in order to duplicate the prote i n precipitation procedure used
for whole blood.
Experiment 3. Liberation of
Pantothenic Acid from Whole Blood by
Clarase verses Alkaline Phosphatase
Purpose.

To detennine if Clarase (F i scher Scientific Co., Fair

Lawn, New Jersey 07410) had activity equivalent to alkaline phosphatase
in liberating pantothenic acid from whole blood.

Clarase (or diastase)

is a monoesterase, while alkaline phosphatase has both mono and diesterase activity.
Procedure.

Two aliquots of fresh and frozen blood samples were

taken, and incubated as follows:
Aliquot 1.

Incubated with alkaline phosphatase.

To 0.5 ml whole

blood was added 2.2 units of alkaline phosphatase, 0.02 ml of 1. 0 M tris
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buffer (pH 11) and distilled water to make the total sample volume
l.O ml.

Aliquot 2.

Incubated with Clarase.

To 0.5 ml whole blood was

added 9 mg of Clarase dissolved in 0.5 ml enzyme buffer, prepared by
dissolving 5 gm potassium citrate monohydrate and 1 gm citric acid in
1,000 ml distilled water.

The pH of the citrate buffer:blood solution

was approximately 6.0 (Baker, 1968).
All samples were incubated for 16 hours at 37°C.

After incubation,

the proteins were precipitated with 0.3 N BaOH 2 and 5% Znso .
4
The enzymatic liberation of pantothenic acid from 20 frozen blood
samples and 3 fresh blood samples was compared when alkaline phosphatase
and Clarase were separately used.

A Student 1 s t test was used to deter-

mine if there was any significant difference between groups (0 . 05 level
of significance) .
Experiment 4. Optimum Enzyme
Incubation Time for Liberation
of Pantothenic Acid from Whole Blood
Purpose.

To determine the optimum enzyme incubation time for

liberation of pantothenic acid when alkaline phosphatase plus a pantetheinase were used together, and when alkaline phosphatase was used
separately.
Procedure A.

Alkaline phosphatase plus pigeon liver enzyme.

one large (25 ml capacity) test tube, the following were added:

In
3.5 ml

whole blood, 1.75 ml (1 .75 units) dowex treated pigeon liver enzyme,
0.70 ml alkaline phosphatase (15.2 units total activity), 0.91 ml H20,
0.14 ml 1.0 M tris buffer (pH 11), and 0. 5 ml toluene to layer while
incubating.
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In another test tube a blank was incubated, and included 0.63 ml
distilled water, 0. 25 ml pigeon liver enzyme, 0.100 ml alkaline phosphatase solution, and 0.02 ml 1.0 M tris buffer, pH 8.2.

The blank was

also layered with 0.5 ml toluene.
Both tubes were incubated at 37°C .

At intervals of 0 and 30

minutes, and 1, 2, 4, and 16 hours, 1 ml aliquots of the blood, enzyme
solution were removed into separate test tubes.
The proteins were precipitated with the addition of 0.3 N BaOH 2
and 5% ZnSO . The blank was similarly treated .
4
Procedure B. Alkaline phosphatase alone verses alkaline phosphatase plus hog kidney peptidase.

For incubation with alkaline phospha-

tase plus hog kidney peptidase, to 4.0 ml whole blood was added 0.80 ml
alkaline phosphatase solution (17.6 total units activity), 0.04 ml
(NH ) so fraction hog kidney peptidase (12 units total activity),
4 2 4
0.16 ml 1.0 M tris buffer (pH 11), 4.0 ml distilled water, and 0.16 ml
1: 30,000 dilution thimerosal.

A blank was incubated which contained

1.0 ml distilled water, 0.02 ml 1.0 M tris buffer (pH 8.2), 0.01 ml
hog kidney peptidase, and 0.10 ml alkaline phosphatase solution .
For incubation with alkaline phosphatase alone, to 4.0 ml whole
blood was added 0.80 ml alkaline phosphatase solution (17.6 units total
activity), 0.16 ml tris buffer (pH 11), 4.04 ml distilled water, and
0.16 ml 1:30,000 dilution thimerosal.

A blank was incubated which

contained 1.01 ml distilled water plus 0.02 ml tris buffer (pH 8.2),
and 0.10 ml alkaline phosphatase.
The tubes were incubated at 37°C.

At times 0, 1~, 3, 5, 8, 16

and 24 hours in one experiment, and at times 0, 1, 2, 3, 4, 6, 8 and
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16 hours in another, 1.0 ml aliquots were removed .

The proteins were

precipitated with 0.3 N BaOH 2 and 5% Znso .
4
Experiment SA. Effects of Acid
Hydrolysis, Boiling, and Extraction
of Fats on Pantothenic Acid
Liberation from Sera
Purpose.

To determine the amount of pantothenic acid in sera and

the effects of boiling, pH adjustment to 4.5, and extraction of fats
with chloroform as described by Markennan (1972).
Procedure.

To eight 1 ml aliquots of a 1:5 dilution of sera:water

was added 2.2 units of alkaline phosphatase and 3.0 units of hog kidney
peptidase.

The samples were layered with 0.5 ml toluene and incubated

at 37°C for 5 hours.

After incubation, the following four separate

procedures were ·used on duplicate test tubes :
(1)

After incubation, the sera solution was boiled at l00°C for

10 minutes; 0.02 ml of 1.2 N HCL was added to adjust the pH to 4.5.
HCL was chosen because HOAc, in preliminary studies, had interfered with
antibody binding (see Appendix E).

Fats were extracted by adding 0.5

ml chloroform, centrifuging for 5 minutes at 2,000 rpm, then pipetting
off the chloroform.

Proteins were precipitated by adding 10% Znso

4
and 0.6 N BaOH 2 . The concentration of the ZnS0 4 and BaOH were doubled
2
in order to permit the use of only one volume of each per one volume

sera to precipitate the proteins.
(2)

Same as procedure l, except the sera solution was not boiled.

(3)

Same as procedure l, except the solution was not pH adjusted

to 4. 5
(4)

Same as procedure l, except the fats were not extracted from

the sera solution.
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Two tubes were analyzed in which procedure number 1 was used on

Experiment 58. Effect of Boiling
and pH Adjustment on Liberation of
Pantothenic Acid from Sera
Purpose.

To assess the optimum acid pH range for pantothenic acid

liberation from sera, with and without boiling; and to assess the
effects of boiling before and after pH adjustment.
Procedure A.

In each of nine test tubes, 0.20 ml of sera was

diluted with 0.80 ml distilled water.
Tubes 1, 4, and 7 were boiled first, then pH adjusted to 2.5,
3.5, and 4.5 with the addition of 0.03, 0.02, and 0.01 ml of 1.2 N HCL
respectively.

The samples were left at their respective pH units for

te n minutes .

Tubes 2, 5, and 8 were adjusted to pH 2.5, 3.5, and 4.5,

respectively (as above), then boiled for ten minutes .
9 were pH adjusted to 2.5, 3.5, and 4.5.
pH units for ten minutes.

Tubes 3, 5, and

They were left at their

The proteins from all samples were precipita-

ted and the pH hydrolysis stopped by the addition of 10% Znso 4 and
0. 6 N BaOH .
2
procedures.

Distilled water blanks were run for each of the separate

Procedure B.
with 0.60 ml water.

In 8 separate test tubes, 0.3 ml of sera was diluted
In t ubes 1 and 2 the sera solution was boiled for

10 minutes; the solution was then pH adjusted to 4.5 with 0.02 ml
1. 2 N HCL.

The sera was left at this pH for 10 minutes.

were pH adjusted first with 0.02 ml 1.2 N HCL.
pH for 10 minutes, followed by boiling at l00°C

Tubes 3 and 4

They were left at this
for lO 'minutes.

5 and 6 were pH adjusted to 4.5 as above for 10 minutes.

Tubes

Tube 7 was
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left at neutral pH (8.2) and was not boiled.
·analyzed for each of the separate treatments.

Water blanks were
The proteins were preci-

pitated and pH hydrolysis stopped by the addition of 0.6 N BaOH 2 and
10% ZnS0 .
4
The experiment was repeated three times.

In one replication, aneth-

er test tube was added in which the sera solution was pH adjusted as
previously described, then boiled for one hour to assess heat stability
of pantothenic acid at an acid pH.
Experiment 5C . Comparison of
Pantothenic Acid Liberation by
Various Hydrolysis Methods
Purpose.

To compare the pantothenic acid liberated by acid hydro-

lysis, base hydrolysis, and boiling, to that released by conventional
enzyme treatment.
Procedure A.

Neutral pH, conventional enzyme treatment .

The

following were added to each test tube, prepared in duplicate:
Sera
ml

Water
ml

Alkaline Phos
units

Hog Kidney Peptidase
units

0.4

0.40

2. 2

3.0

0. 4

0.51
2.2

3.0

0.80
0. 91

The test tubes with the added enzymes were incubated for 8 hours
at 37°C.

To all the test tubes was added 0.6 N BaOH 2 and 10% Znso 4 to

precipitate the proteins.
Procedure B.

Acid hydrolysis.

The test tubes were prepared and

incubated as described for neutral pH.

After incubation, 0.03 ml of

1.2 N HCL was added to all tubes to adjust the pH to 4.5.

The samples
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were left at this pH for 15 minutes.

To precipitate the proteins and

stop the acid hydrolysis, 0. 6 N BaOH 2 and 10% znso were added.
4
Procedure C. Base hydrolysis. The procedure designed to release
pantothenic acid from acyl carrier protein was followed (Butterworth
et al., 1970, Vol. XVIII, p. 369).

The test tubes were prepared and

incubated as described for neutral pH.
KOH was added to all tubes.

After incubation, 0.05 ml 1.0 N

The samples were heated in a 70°C water-

bath for 1 hour, then their pH was adjusted back to 7.4 with 0.03 ml
1.2 N HCL.

Proteins were precipitated the same as those for neutral

pH.

•
Procedure D.

Boiling.

The following were added to each test tube:

Sera
ml

Water
ml

Alkaline Phos
units

0.3

o. 60

2.2

3.0

0.3

0.71
2.2

3.0

0.90

Hog Kidney Peptidase
units

1. 01

After allowing the tubes with added enzymes to incubate at 37 °C
for 8 hours, all tubes were boiled at 100°C for 10 minutes.

Proteins

were precipitated the same as those for neutral pH.
Experiment 50. Acid pH Effect on
the Liberation of Pantothenic Acid
in Who 1e B1ood
Purpose.

To determine the optimum acid pH range for liberation of

pantothenic acid from whole blood.
Procedure A.

Acid hydrolysis only.

prepared in triplicate:

The following tubes were
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(1)

pH 2.5- 0.5 ml whole blood, 0.5 ml distilled water, and

0.15 ml 1.2 N HCL
Blank- l .0 ml distilled water, 0.12 ml 1.2 N HCL.
(2)

pH 3.5 - 0.5 ml whole blood, 0.53 ml distilled water, and

0. 12 ml l . 2 N HCL.
Blank- 1.03 ml distilled water, 0.12 ml 1.2 N HCL.
(3)

pH 4.5 - 0.5 ml whole blood, 0.58 ml distilled water, and

0.07 ml l . 2 N HCL.
Blank - 1.08 ml distilled water, 0.07 ml 1.2 N HCL.
(4)

pH 7.4- 0.5 ml whole blood, 1.65 ml distilled water.

Blank- 1.15 ml distilled water.
The tubes were left at their respective pH for 15 minutes after
acid addition.

Proteins were precipitated with 0.5 N NaOH, and 5% ZnS04 .

The nitrocellulose radioimmunoassay was employed. However, the
antisera and 3HPa were prepared in 0. 05 M tris buff er pH 7.4 instead of
PBS.

The str onger bu f fer was used in order to prevent pH fluctuations

wh ic h might ha ve interfered with the assay.
Procedure B.

Acid hydrolysis subsequent to enzyme hydrolysis.

In

12 separate test tubes, to 0.5 ml whole blood was added 0.05 ml alkaline
phosphatase solution (2.2 units), 0.10 ml of a l :10 dilution (NH 4 ) 2so 4
fraction hog kidney peptidase (3.0 units), 0.5 ml water, 0.02 ml 1.0 M
tris buffer (pH ll ), and 0. 02 ml l :30,000 dilution thimerosal.
After an 8 hour enzyme incubation at 37 °C, 1.2 N HCL was added in
the following amounts:
(l )

pH 2.5 -O.l5ml l . 2 N HCL to tubes l through 3.

( 2)

pH 3.5 -O.l2ml 1.2 N HCL to tubes 4 through 6.

(3)

pH 4.5 - 0.07 ml 1.2 N HCL to tubes 7 through 9.
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(4)

pH 7.4- none to tubes 10 through 12 .

The tubes were left at their respective pH for 15 minutes.

Blanks

were included for each of the separate treatments.
cipitated with 0.5 N NaOH, and 5% Znso4 .

Proteins were preAgain, the 3HPa and antisera

were prepared in 0.05 M tris buffer (pH 7.4).
Experiment 5E. Liberation of
Pantothenic Acid from Whole Blood by
Base Hydrolysis
Purpose.

To determine the amount of pantothenic acid released by

KOH treatment (designed to release pantothenic acid from acyl carrier
protein) verses that released by conventional enzyme treatment.
Procedure. To the following tubes was added (in duplicate):
Blood
ml

Alkaline Phos
units

Hog Kidney Peptidase
units

Thimerosal
ml
(1 :30,000)

0.5

2.2

3.0

0.02

0. 5

0.02

0. 5

3.0

2.2

0.5

0.02
0.02
0.02

The tubes with added enzymes were incubated for 8 hours at 37 °C;
0.120 ml of 1.0 N KOH was added to tubes 1, 2, and 5 to adjust the pH
to 12.

The samples were incubated at 70°C for 1 hour, then pH adjusted

back to 8.2 with 0. 06 ml 1.2 N HCL.

Distilled water was added to all

tubes to bring the total volume to 1.63 ml.
The proteins were precipitated with 0.6 N BaOH 2 and 10% Znso4 .
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Experiment 6A.
Blood and Sera
Purpose.

Autolysis in Whole
To determine if autolysis of complexed forms of panto-

thenic acid occurs in blood; and the time and temperature dependance of
the

autol~sis .

Procedure A.

Fresh Blood at 23 °C.

Nine ml of fresh blood (collec-

ted in heparinized tubes) was incubated in a large (approximately 25 ml
capacity) test tube with .36 ml 1:30,000 dilution thimerosal added.
The blood was layered with toluene, then incubated at 23°C.
At 0, 3, 6, 24, 72, and 96 hours, two 0.5 ml aliquots were removed
into separate test tubes.

Pantothenic acid was measured as follows:

To measure free pantothenic acid, the 0. 5 ml of blood was added
to 0. 63 ml water.

The proteins were precipitated by adding 0.6 N BaOH 2

and 10% Znso 4 .
To measure total pantothenic acid, the other 0.5 ml blood aliquot
was added to 0.5 ml water, along with 2.2 units alkaline phosphatase,
3.0 units hog kidney peptidase, and 0.02 ml 1.0 M tris buffer (pH 11).
After addition of the alkaline phosphatase and hog kidney peptidase,
the sample was incubated an additional 16 hours at 37 °C.

The proteins

were precipitated as described above.
Procedure B.

Frozen and fresh blood at 37 °C.

Nine ml of fresh

blood (collected in a heparinized tube) was i ncubated in a large test
tube with 0.36 ml 1:30,000 dilution thimerosal at 37°C.

At the same

time, nine ml of blood, frozen and thawed three times, less than 60
days old, was incubated exactly as the fresh (both layered with toluene).
At times 0, 8, 24, 48, 96, 104, and 136 hours, two 0.5 ml aliquots
were removed from each of the test tubes.

Free and total pantothenic
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acid were measured as previously described in the methodology for
fresh blood at 23 °C.
Two more experiments were completed using frozen blood incubated
at 37°C.

The only difference was that time intervals of 0, 24, 48, 72,

96, 120, 144, and 168 hours were included.

Procedure C.

Autolysis in serun1.

in sterilized test tubes .

Fresh whole blood was collected

The blood was allowed to clot.

The uncoagu-

lated supernatant solution was centrifuged at 2,000 rpm for 10 minutes.
The serum was carefully pipetted into separate test tubes.
For the autolysis procedure, 9 ml of sera was incubated at 37 °C in
a large test tube; 0.36 ml of 1:30,000 thimerosal was added .

At times

0, 16, 40, 64, and 136 hours, 0.5 ml aliquots were removed into 2

separate test tubes.
The procedure for precipitating the proteins and for measuring
bound and free pantothenic acid was the same as that described for
whole blood.
Procedure D.

Autolysis in boiled blood.

In a large test tube, 4

ml whole blood was diluted with 20 ml distilled water; 0.5 ml of
1:30,000 dilution thimerosal was added.

This solution was heated in a waterbath at 100°C for 10 minutes.
After heat treatment, the blood:water mixture was separated into 2 test
tubes.

One was incubated at 23 °C, and the other at 37 °C.

At times

0, 16, 24, 48, and 96 hours, two 1 ml aliquots were removed from each

of the test tubes.
To assess whether acid hydrolysis had any additional effect on
pantothenic acid liberation after both boiling the blood and allowing
autolysis to occur, 0.02 ml of 1.2 N HCL was added.

The addition was
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made after both 96 hours autolysis, and subsequent enzyme (alkaline phosphatase and hog kidney peptidase) treatment.

The blood was left at the

acid pH (4.5) for 15 minutes.
Experiment 68. Ratio of Bound/Free
Pantothenic Acid in Fresh Blood
Samples and in Samples 15 Months
Old
Purpose.

To determine the ratio of bound/free pantothenic acid in

fresh blood samples and in those up to 15 months old to assess whether
any autolysis of complexed forms of pantothenic acid had occurred.
Procedure.

The total and free pantothenic acid content of 20 blood

samples which were frozen for 15 months, and the content of 10 fresh
blood samples was measured as follows:
To measure free pantothenic acid, 0.46 ml H20 was added to 0.5 ml
whole blood, along with 0.02 ml 1.0 M tris buffer (pH 11) and 0.02 ml
1:30,000 dilution thimerosal.

The proteins were precipitated with

0.5 N NaOH, and 5% ZnS0 4 .
To measure total pantothenic acid, 0.21 ml H20 was added to 0.5 ml
whole blood, along with 0.150 ml alkaline phosphatase solution (2.2
units), 0.10 ml 1:10 dilution (NH 4 ) 2so 4 fraction hog kidney peptidase,
0.02 ml 1.0 M tris buffer (pH 11), and 0.02 ml 1:30,000 dilution thimerosal.

Proteins were precipitated as above.

Water blanks were

included for each of the separate procedures.
The bound pantothenic acid was calculated for each of the blood
samples by subtracting the free from the total pantothenic acid.
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Experiment 7. Comparison of
Pantothenic Acid Liberation in
Whole Blood by Different Protease
Treatments
Purpose.

Results from previous experiments have indicated that

acid and base hydrolysis and boiling may increase pantothenic acid
liberation from whole blood and/or sera.

Since these hydrolysis pro-

cedures all cause protein denaturation, the purpose of this set of
experiments was to determine whether enzymatic proteolysis would increase pantothenic acid release from whole blood.
Procedure.

Trypsin, papain, chymotrypsin, and pepsin were used

for the proteolytic digestions.

Comparisons were made of the relative

amounts of pantothenic acid liberated from whole blood when the following procedures were employed:

No hydrolysis, hydrol.ysis with alkaline

phosphatase plus hog kidney peptidase, protease digestions, and protease
digestions followed by hydrolysis with alkaline phosphatase plus hog
kidney peptidase.
The nitrocellulose radioimmunoassay was used to measure the pantothenic acid liberated by each of the separate procedures.

However,

0.05 M tris buffer (pH 7.4) was used instead of PBS when preparing the
antisera; 3HPa dilution. The procedures employed when using each of the
different peptidases will be described .
Procedure A.

Trypsin digestion of whole blood .

Trypsin is a

pancreatic protease which is specific for the lysine and arginine residues of proteins.

It also exhibits esterase and amidase activity

(Walsh, 1970).
In all of the trypsin digestion experiments, trypsin was purchased
from Sigma Chemical Co. (T-0314, from porcine pancreas, 92 % protein,
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16,950 BAEE units/mg of protein, or T-6763, acetyl trypsin, from bovine
pancreas,

13,200 BAEE units per mg of protein).

One unit hydrolyzes

one micromole of benzoyl-L-arginine ethyl ester per minute at pH 7.6

In four tubes, 0.5 ml of blood was added to each, along with
2 mg trypsin in 0.02 M tris buffer (pH 8.2) and 0.02 ml 1 :30,000
dilution thimerosal.

The samples were incubated 24 hours .

After incubation, the four samples were heated at 70°C for 5 minutes to inactivate the trypsin.

Four more tubes were then prepared with

0.5 ml of blood plus 0.02 ml 1:30,000 dilution thimerosal in each.
To two of the trypsin digested samples and two of the non-digested
blood samples (after adjusting the total volume to 1.27 ml with distilled water), 5% Znso 4 and 0. 5 N NaOH were added to precipitate the
proteins .
To the other two trypsin digested samples and non-d i gested samples

-

was added 2.2 units alkaline phosphatase, 3.0 units of hog kidney
peptidase, and

~

distilled ~water

to adjust the total volume to 1. 27 ml .

The samples were incubated for 8 hours.
above.

Proteins were precipitated as

Blanks were included with each of the separate procedures.

Procedure B.

Papain digestion of whole blood.

Papain is one of

the sulfhydryl proteases isolated from the green fruit of the Carica
papaya.

Papain exerts broad specificity and will cleave the peptide

bond adjacent to most amino acid residues.

The pH optimum for papain

digestion of proteins is approximately 6.0 to 7.0 (Arnon, 1970).

The papain used was purchased from Sigma Chemical Co. (P-3125,
from papaya latex.

Suspension in 0.05 M sodium acetate, pH 4.5).
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There were 24.5 mg of protein per ml, and 28 units per mg of protein.
One unit hydrolyzes one micromole af benzoyl-L-arginine ethyl ester
per minute at pH 6.2 at 25°C.
To 0.5 ml of blood in four separate test tubes was added 0.5 ml
of papain solution.

The tubes were incubated 24 hours.

The solution

was then heated at 70°C for 5 minutes to inactivate the papain.

The

rest of the procedure followed was identical to the trypsin digestion.
Procedure C.

Pepsin digestion of whole blood.

protease having a broad substrate specificity.

Pepsin is an acid

Its activity is enhanced

by the presence of bulky nonpolar sidechains on either side of the sensitive bond.

However, its activity is not restricted to these bonds

(Ryle, 1970).
The pepsin used was purchased from Sigma Chemical Company (P-7012,
from porcine stomach mucosa).

It contained 0.89 gm of protein per 1 gm

·Of solid, and 2,965 units of activity per mg protein.

One unit produces
0

an increase i n A280 of 0.001 per minute at pH 2.0 at 37 C using hemoglobin as substrate.
For the pepsin blood digestions, 50 mg of pepsin was mixed in 5 ml
of 0.2 M HCL; 0.5 ml of this solution was added to four tubes which
contained 0.5 ml whole blood.
was approximately 3.0.

The pH of the final blood:enzyme solution

This solution was incubated for 24 hours at 37°C .

After incubation, 0.22 ml of 1. 0 M tris buffer (pH 11) was added to the
four tubes to adjust the pH to 8.2 and inactivate the pepsin.
The rest of the procedure followed was the same as for trypsin
digestion.

Distilled water was added to adjust the total volume in all

tubes to 1 .49 ml.
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Procedure D.

Chymotrypsin digestion of whole bl?od.

Alpha-

chymotrypsin catalyzes the hydrolysis of peptide bonds involving Lisomers of tyrosine, phenylalanine, and tr-yptophan.

To a lesser extent,

peptide bonds involving leucyl, methionyl, asparaginyl and glutamyl
residues will be hydrolyzed (Folk, 1970) .
The alpha-chymotrypsin used was purchased from Sigma Chemical Co.
(P-7762, type 1-S, from bovine pancreas) .

In 25 mg of solid, there

were 22.5 mg of protein, and 52 units per mg of protein.

One unit

hydrolyzes one micromole of benzoyl-L-tyrosine ethyl ester per minute
at pH 7. 8 at 25 0 C.
To four tubes conta i ning 0.5 ml of whole blood was added 2 mg of
chymotrypsin in 0.5 ml of 0.02 N (pH 8.2) tris buffer .

The samples were

incubated 24 hours, then heated in a waterbath at 70°C for 10 minutes
to inactivate the chymotrypsin.

The rest of the procedure followed was

identical to that for the trypsin digestion.
Comparison of blood protease digest i ons.

A compari son was made of

the pantothenic acid liberation by each of the different proteases;
allowing determination of the optimum enzyme to use in the proteolytic
digestion of whole blood for liberation of pantothenic acid.
Ex~eriment 8.
Addition of Hog
ki ney Peptidase and Alkaline
Phosphatase both Before and After
Trypsin Digestion

Purpose.

In the preceding experiments, the hog kidney peptidase

and alkaline phosphatase were added after the protease digestion and
heat inactivation.

The purpose of this experiment was to assess wheth-

er addition and incubation of the blood with hog kidney peptidase and
alkaline phosphatase before trypsin digestion was just as effective in
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liberating pantothenic acid as the addition of the two enzymes after
trypsin digestion.
Procedure.

To six test tubes was added 0.5 ml whole blood, 2. 2

units alkaline phosphatase, 3.0 units hog kidney peptidase, 0.02 ml 1.0
M tris buffer (pH 11) and 0.04 ml thimerosal (1:30,000 dilution).
The tubes were incubated 16 hours.

After incubation, the proteins

in tubes 5 and 6 were precipitated with 5% Znso and 0. 5 N NaOH.
4
To tubes 1, 2, 3, and 4 was added 2. 0 mg trypsin in 0.5 ml 0.02 M
tris buffer (pH 8.2).

The samples were incubated 24 hours, followed by

heat treatment at 70°C for 5 minutes.

The proteins in tubes 3 and 4

were precipitated with 5% Znso 4 and 0.5 N NaOH (as above).

To tubes

1 and 2 was added 2.2 units alkaline phosphatase and 3.0 units hog kidney peptidase.

The tubes were incubated an additional 16 hours followed

by precipitation of the proteins with 5% znso 4 and 0.5 N NaOH.
The pantothenic acid liberated by hydrolysis with hog kidney peptidase

and alkaline phosphatase, hydrolysis with the two enzymes followed

by trypsin digestion, and hydrolysis with the enzymes both before and
after trypsin digestion were compared.
Experiment 9A. Optimum Amount of
Trypsin to Use for Maximum
Pantothenic Acid Liberation from
Whole Blood
Purpose.

To determine the optimum amount of trypsin to add in

whole blood protease digestions for liberation of pantothenic acid.
Procedure.

The following levels of activity of trypsin were added

to 0.5 ml whole blood (mixed in 0.5 ml 0.02 M tris buffer, pH 8.2):
40,000, 32,000, 20,000, 12,000, 8,000 and 4,000 units.
Thimerosal was added to each tube (1 :30,000 dilution; 0.02 ml).
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Blanks were included for trypsin activities of 40,000, 20,000, and
8,000 units.

The samples were incubated at 37°C for 24 hours.

Proteins

were precipitated by the addition of 5% Znso and 0.5 N NaOH.
4
Experiment 9B. Optimum Amount of
Acetylated Trypsin to Use for ·
Pantothenic Acid Liberation from
Whole Blood
Purpose.

To determine if the activity of trypsin necessary to

maximize pantothenic acid liberation from whole blood can be reduced
by using acetylated trypsin (which will minimize autodigestion by
trypsin of itself) (Walsh and Wilcox, 1970).
Procedure.

The procedure for the utilization of non-acetylated

trypsin was followed.

The same activities of the acetylated trypsin

were used and an identical incubation procedure employed .
Experiment 9C. Optimum Amount of
Acetylated Trypsin to Use for
Pantothenic Acid Liberation from
Whole Blood when Incubated Under
Constant Agitation
Purpose.

To determine whether constant agitation during incubation

had an effect on the optimum amount of trypsin needed for liberation
of pantothenic acid from whole blood.
Procedure.

Duplicate sets of tubes were prepared with the addition

of 0.5 ml whole blood, 0.02 ml thimerosal (1 :30,000 dilution) and
activities of 40,000, 32,000, 20,000, 8,000, and 4,000 units of acetylated trypsin.
One set was incubated under constant agitation with a mechanical
shaker at 25°C.

The other set was incubated in a waterbath at 37°C

using no agitation.
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Both sets were incubated for 24 hours.

Blanks were included for

trypsin activities of 40,000, 20,000, and 8,000 units.

Proteins were

precipitated with the addition of 5% ZnSO and 0.5 N NaOH.
4

Another experiment was run exactly as above, except the incubation
under agitation was carried out at 37°C.
Experiment 90. Optimum Amount of
Trypsin to Use After Incubation
of Whole Blood with Hog Kidney
Peptidase and Alkaline Phosphatase
Purpose.

To determine if the optimum amount of trypsin was the

same after hydrolYsis by

hog kidney peptidase plus alkaline phosphatase

as when the trypsin was used alone.
Procedure.

In one large test tube was added 6 ml whole blood,

26.4 units alkaline phosphatase, 36 units hog kidney peptidase, and
0.24 ml 1:30,000 dilution thimerosal.

The sample was incubated 8

hours under constant agitation with a mechanical shaker at 37°C.
After incubation, 0. 72 ml aliquots were removed .

To duplicate

tubes was then added 40,000, 32,000, 20,000, 16,000, 8,000 and 4,000
units acetylated trypsin plus 0.02 ml 1:7,500 dilution thimerosal .
The samples were incubated an additional 24 hours at 37°C in a
mechanical shaker.

Blanks were included for trypsin activities of

40,000 and 8,000 units.

The proteins were precipitated with 0.5 N NaOH,

and 5% Znso .
4
Experiment lOA . Optimum Incubation
Time for Liberation of Pantothenic
Acid from Whole Blood when using
a Trypsin Digestion
Purpose.

To assess the optimum time for trypsin incubation in

liberating pantothenic ac i d from whole blood.
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Procedure.

The procedure was repeated five times as follows:

In one large test tube was incubated 5 ml blood, 200,000 units of
trypsin in 5 ml of 0.02 M tris buffer (pH 8.2) and 0.20 ml thimerosal
(1 :30,000 dilution).

At the following times, 1 ml aliquots were

removed:
Experiment (l) - 0, 1 ' 2, 4, 6, and 24 hours.
Experiment (2) - 0, 6, 8, 16, 24, and 40 hours.
Experiment (3) - 0, 24, 48, 72, 96, and 120 hours.
Experiment (4) - 0, 24, 48, 72, 96, and 120 hours.
Experiment (5) - 0, 8, 24, and 48 hours.
Proteins were precipitated with 5% ZnS0

4

and 0.5 N NaOH .

lOB. Optimum Incubation
Time when Using Agitation in the
Trypsin Digestion of Whole Blood for
Liberation of Pantothenic Acid

~xperiment

Purpose.

To assess the optimum incubation time for liberation of

pantothenic acid from whole blood when a shaker bath was employed in
the incubation procedure.
Procedure (1).

In one large test tube was added 5 ml of blood,

200,000 units (20,000 units/0.5 ml blood) of acetylated trypsin in 5 ml
0.02 M tris buffer (pH 8.2) and 0. 20 ml thimerosal (1:30,000

dilution~.

The incubation procedure was carried out at approximately 23°C
under constant agitation with a mechanical shaker.
ly incubated .

A blank was similar-

At times 0, 3, 5, 8, 16, 24, and 48 hours, one ml ali-

quots were removed.

The proteins were precipitated with 5% Znso 4 and

0.5 N NaOH.
Procedure (2).

Same as procedure (1), except that 1:7,500 dilution

thimerosal was used instead of the 1:30,000 dilution.
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Procedure (3).

Same as procedure {1), except 1:7,500 dilution
0

thimerosal was used and the incubation was carried out at 37 C.
Experiment lOC. Effect of Increasing
Concentrations of Trypsin on
Optimum Incubation Time for
Liberation of Pantothenic Acid from
Whole Blood
Purposes.

(1)

To determine if increasing the concentration of

trypsin (3-fold) may .reduce the incubation time necessary for liberation
of pantothenic acid from whole blood and (2)

To determine if there

was bacterial contamination of blood after extended incubation periods.
Procedure.

In one large test tube was added 5.0 ml whole blood,

600,000 units of trypsin (60,000 units/0.5 ml whole blood) in 5.0 ml
0.02 M tris buffer (pH 8.2) and 0.20 ml 1:7,500 dilution thimerosal.
The 1ncubation was carried out at 37°C under constant agitation
with a mechanical shaker.

A blank was similarly incubated . At times

0, 3, 5, 8, 16, 24, 48, and 72 hours, one ml aliquots were removed
and the proteins precipitated with 5% Znso and 0.5 N NaOH.
4
To test for bacterial contamination, agar plates were streaked
with samples of blood which had been incubating 48 hours.
sample of blood was used as a control.

A frozen

The plates were placed in an

incubator at 37°C for 19 hours.
Experiment 100. Effect of
Increasing Concentrations of
Thimerosal on Trypsin Digested and
Control Blood Samples
Purpose.

To determine the effect of increasing the amount of

thimerosal in trypsin digested blood samples and in non-trypsin digested
controls.
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Procedure.

Sterile technique was used.

Vials for blood, test

tubes, and tris buffer were autoclaved with sterilized cotton balls
placed in the openings.
Four separate test tubes were prepared as follows:
(1)

To 5 ml blood was added 20,000 units trypsin in 5 ml 0.02 M

tris buffer (pH 8.2) and 0.10 ml 1:100 dilution thimerosal (to yield a
total dilution of thimerosal:blood of 1 :5,000).
(2)

Same as number (1), except the total dilution of thimerosal:

blood was 1:2,500.
(3)

To 5 ml of blood was added 5 ml 0.02 M tris buffer (pH 8.2)

and 0.10 ml 1:100 dilution thimerosal (to yield a 1:5,000 dilution).
(4)

Same as number (3), except the total dilution of thimerosal:

blood was 1:2,500.
The incubation procedure was carried out at 37°C under constant
agitation with a mechanical shaker.

A blank was similarly incubated.

At times 0, 24, and 48 hours, one ml aliquots were removed.

The pro-

teins were precipitated with 5% ZnS0 4 and 0.5 N NaOH.
To test for bacterial contamination, agar plates were streaked with
samples of blood from each of the four separate test tubes which had
been incubated for 48 hours.

The plates were placed in an incubator

at 37°C for 24 hours.
In a separate experiment, two sets of test tubes were prepared
the same as numbers (1) and (2) above.
carried out again at 37°C.

However, in this experiment times 0, 24, 48,

and 72 hours were included.
5% Znso

and 0.5 N NaOH.
4
tamination as above.

The incubation procedure was

The proteins were precipitated with

The samples were checked for bacterial con-
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Experiment 11. Pantothenic Acid in
the Protein Fraction of Blood;
Assessed through Various Hydrolytic
Procedures
Purpose.

To determine the pantothenic acid content of the protein

fraction of blood through the following procedures:

No hydrolysis;

hydrolysis with 1.2 N HCL (pH 4.5); hydrolysis with alkaline phosphatase
and hog kidney peptidase; hydrolysis with trypsin; and hydrolysis with
trypsin followed by hydrolysis with alkaline phosphatase and hog
kidney peptidase.
Procedure.

Forty ml of whole blood was diluted with 80 ml of water.

This solution was eluded through a Sephadex (G-25) column and the
protein fraction collected.
lized to a dry powder.

The diluted protein fraction was lyophil-

One gram of the powder was solubilized in 10.0 ml

distilled water, to give 100 gm of protein per ml.
Into 10 separate test tubes was pipetted 0.5 ml of this solution .
To each of tubes 1 through 4 was added 2 mg trypsin in 0.5 ml of 0.02
M tris buffer (pH 8.2).

These samples were incubated 24 hours, then

heated at 70°C for 5 minutes.
To tubes 3 and 4 (after trypsin digestion and heat inactivation)
and 7 and 8 (which had not undergone trypsin digestion) were added
2.2 units alkaline phosphatase and 3.0 units hog kidney peptidase.
The samples were incubated 16 hours .
To tubes 9 and 10 was added 0.10 ml l .2 N HCL (to adjust to pH
4.5).

They were left at pH 4.5 for 15 minutes.
Blanks were included for each of the separate procedures.

tilled water was added to all the tubes to
1.19 ml.

adjus~

Dis-

the total volume to

The proteins were precipitated with the addition of 5% znso 4

and 0.5 N NaOH.
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Experiment 12. Acid pH Hydrolysis
Prior to Adding Trypsin
Purpose.

To determine if trypsin liberates pantothenic acid over

and above that liberated by acid hydrolysis.
Procedures.

In 16 separate test tubes, 0.5 ml of blood was added

along with 0.02 ml 1:30,000 dilution thimerosal.

To tubes

8, 0.07 ml of 1.2 N HCL was added to adjust the pH to 4.5.

through
The blood

samples were left at this pH for 15 minutes; 0.07 ml 1.0 M tris buffer
(pH 11) was then added to adjust the pH to 8.2.
To tubes 1 through 4, and 9 through 12 was added 2 mg of trypsin
in 0.5 ml 0.02 M tris buffer (pH 8.2).

The samples were incubated

24 hours followed by heating at 70°C for 5 minutes to inactivate the
trypsin.
To tubes 1, 2, 5, 6, 9, 10, 13, and 14 were added 2.2 units
alkaline phosphatase and 3.0 units hog kidney peptidase.

Tubes 9, 10,

13, and 14 also had 0.02 ml 1.0 M pH 11 tris buffer added.

The samples

were incubated for 8 hours.
Blanks were included for all of the procedures.

Distilled water

was added to all tubes to bring the total volume to 1.31 ml.

The

proteins were precipitated with 5% ZnS0 and 0.5 N NaOH.
4
Experiment 13. Addition of Trypsin
Before and After Autolysis of Blood
had Occurred
Purpose.

To assess if trypsin liberates pantothenic acid over and

above that liberated by autolysis.
Procedure.

In one of the separate autolysis procedures for

frozen blood at 37°C (see Experiment 6A, Procedure B) 20,000 units of
trypsin in 0.02 M tris buffer (pH 8.2) was added to 0.5 ml whole blood
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at 0 time and after 144 hours of autolysis.
The samples were incubated an additional 24 hours after the trypsin
was added.

Proteins were precipitated with 0.5 N NaOH and 5% Znso .
4

Experiment 14. Trypsin Digestion of
Red Blood Cells and Plasma
Purpose.

To determine the relative amount of pantothenic acid in

both red blood cells and plasma through trypsin digestion, hydrolysis
with alkaline phosphatase and hog kidney peptidase, trypsin digestion
followed by hydrolysis with alkaline phosphatase and hog kidney peptidase, and the pantothenic acid liberated when no hydrolytic procedure
was used.
Procedure.

Red blood cells and plasma were separated from fresh

citrated whole blood through centrifugation at 2,000 rpm for 10 minutes.
The red blood cells were hemolyzed by freeze-thawing three times.
Following the procedure for trypsin digestion of whole blood
(see Experiment 7, procedure A), the pantothenic acid liberated by the
different hydrolytic procedures was determined in both red blood cells
and plasma and the relative amounts in the two fractions calculated.
Experiment 15A. Trypsin Digestion
of Bovine Serum Albumin and Human
Serum Albumin
Purpose.

To determine if peptides may interfere with the radioim-

munoassay after trypsin digestion of purified bovine serum albumin
and human serum albumin.
Procedure.

To four tubes was added 50 mg of crystallized bovine

serum albumin (81-1001-2, Miles Laboratories Inc., P.O. Box 2000,
Elkart, Indiana, 46515) or human serum albumin (A9511, Sigma Chemical
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Company) per 0.5 ml of H20; 2 mg of trypsin in 0.5 ml of 0.02 M tri.s
buffer (pH 8.2), and 0.02 ml of a 1:30,000 dilution thimerosal were
added to the first two tubes, which were then incubated 24 hours.

To

the other two was added 0.5 ml distilled water (no incubation was
carried out on these tubes).
A trypsin and H20 blank were also included.
cipitated with 5% ZnS0 4 and 0.5 N NaOH.

The proteins were pre-

Experiment 15B. ·Trypsin Digestion
of Bovine Serum Albumin plus
Pantothenic Acid Spike
Purpose.

To determine if pantothenic acid can be quantitatively

recovered when added to trypsin digested bovine serum albumin.
In four tubes, bovine serum albumin (Miles Laboratories,

Procedure.

Inc.) wai digested with trypsin as previously described; however, to
two of the tubes, before trypsin digestion was added a 500 ng spike of
d-calcium pantothenate (United Stated Biochemical Corporation,
Cleveland, Ohio 44128).

After a 24 hour trypsin digestion, the proteins

were precipitated with 5% Znso4 and 0.5 N NaOH.
Experiment 16. Correlation of the
Radioimmunoassay and Microbiological
Assay in Trypsin Digested Whole
Blood
Purpose.

To determine whether both the radioimmunoassay and micro-

biological assay gave comparatively higher values for pantothenic acid
levels in blood when using a trypsin digestion verses conventional
enzyme treatment.
Procedure.

Following the exact procedure outlined for trypsin

digestion of whole blood, three replications of each treatment (no
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hydrolysis, hydrolysis with alkaline phosphatase plus hog ki dney peptidase, trypsin digestion, and trypsin digestion followed by hydrolysis
with alkaline phosphatase plus hog kidney peptidase) were made .
After precipitation of the proteins with 5% ZnS04 and 0. 5 N NaOH,
the total volume of each sample was 3.34 ml; 0.5 ml of the clear supernatant (after centrifugation) was used for the radioimmunoassay.

When

using the microbiological assay, the supernatant was diluted 1:2 in
all tubes which had undergone trypsin digestion.

No further dilution

was made in the other tubes; 0.5 ml of the diluted and undiluted supernatants were used in the microbiological assay.
Reporting of Results and Analysis
of Data
The data obtained from each of the separate experiments was
r epo r ted separately.

The analyses included both compar i son to existing

data and the significance of current finding s .
Where appropriate, analyses of statistical significance (at the
0.05 level) were made using either a Student ' s t test or an analysis

of variance.
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CHAPTER IV
RESULTS
The research problem, as outlined in Chapter l, was that wide
variability had existed in reported pantothenic acid blood values, along
with an inability to explain much of this variation.

For this reason,

t he present study was undertaken to establish the optimum treatment of
blood prior to assay for pantothenic acid.
The purpose of each of the individual experiments is restated,
and the results reported separately.
Experiment 1.
i n Blood
Purpose.

Pantetheinase Activity
To determine the necessity of adding an exogenous pante-

theinase to blood.
Results.

The liberation of panto t henic acid when al kal i ne phospha-

tase was used alone, verses the l i beration when alkaline phosphatase
plu s hog ki dney peptidase were used together i n 22 blood samples i s
shown in Table 2.

At the .05 level, the null hypothesis that the

two means were equal was accepted.

In fact, the mean liberati on was

actually 2. 5% higher when alkaline phosphatase was used alone .
Experiment 2. Hydrolysis of
Coenzyme A in Blood and Buffer
Purposes.

(1) to determine if hydrolysis of coenzyme A occurred in

both blood and/or buffer, and (2) To assess whether hydrolysis occurred
after addition of alkaline phosphatase or hog kidney peptidase, and the
extent of the hydrolysis in both blood and buffer.
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Table 2.

Pantothenic acid liberation with alkaline phosphatase alone
verses alkaline phosphatase plus hog kidney peptidasea

Nanograms Pantothenic Acid I ml
Whole Blood
Sample Number

1
2
3
4
5

6
7
8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
Mean and Standard
Deviation

Liberated by Alkaline
Phosphatase Alone (~ 1 )

Liberated by Alkaline
Phosphatase plus Hog
Kidney Peptidase (~2)

604
253
241
181
96
350
664
375
447
435

302
423
241
108
374
362
736
266
459
459

725

713

749
290
507
966
804
297
1022
297
1167
442
273

532
846
592
592
466
587
1022
466
684
261
116

508

+ 286

482

+ 224

at test statistic of ~ 1 = ~ 2
equalled .3357 with 21 degrees of
freedom. Significant at the .3310 level.
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Table 3.

Coenzyme A hydrolysis in whole blood

Nanograms Pantothenic Acid per
ml Whole Blood
Blood + CoAa

Treatment

Blood Only

% Pantothenic Acid
from CoA Recovered

Alkaline Phosphatase
plus Hog Kidney
Peptidase Added

999

368

110%

Alkaline Phosphatase
Added

936

368

100%

Hog Kidney Peptidase
Added

78

81

0%

137

53

15%

No Enzymes Added

aCoenzyme A spike equalled 571 ng equivalent pantothenic acid

Table 4.

Coenzyme A hydrolysis in buffer

Treatment

Nanoorams Pantothenic Acid
per 1 ml Buffer with CoA
Spikea

% Pantothenic Acid
from CoA Recovered

Alkaline Phosphatase
plus Hog Kidney
Peptidase Added

538

94%

Alkaline Phosphatase
Added

30

5%

Hog Kidney Peptidase
Added

30

5%

No Enzymes Added

33

6%

acoenzyme A spike equalled 571 ng equivalent pantothenic acid spike
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Results.

The results from Procedure A, coenzyme A hydrolysis in

blood, and Procedure B, coenzyme A hydrolysis in buffer, are shown in
Tables 3 and 4 respectively.
Experiment 3. Liberation of Pantothenic Acid from Whole Blood by
Clarase Verses Alkaline Phosphatase
Purpose.

To determine if Clarase and alkaline phosphatase had

equivalent activity in liberating pantothenic acid from whole blood.
Results.

The liberation of pantothenic acid from 20 frozen blood

samples when Clarase verses alkaline phosphatase was used is shown
in Table 5. At the .OS level, there was enough evidence to say

that

there was a significant difference in the mean liberation of pantothenic
acid by alkaline phosphatase verses Clarase.

Alkaline phosphatase

liberated an average of 62% more pantothenic acid in the frozen blood
samples.
The mean liberation and standard deviation ofthree replications
for each treatment is shown for three fresh blood samples in Table 6.
At the .05 level, the null hypothesis that the liberation of pantothenic
acid by Clarase equalled that liberated by alkaline phosphatase in
fresh blood samples was accepted.
Experiment 4. Optimum Enzyme Incubation Time for Liberation of Pantothenic Acid from Whole Blood
Purpose.

To determine the optimum enzyme incubation time for

liberation of pantothenic acid when alkaline phosphatase plus a pantetheinase were used together, and when alkaline phosphatase was used
separately.
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Table 5.

Liberation of pantothenic acid from frozen whole blood by
Clarase verses alkaline phosphatasea

Nanograms Pantothenic Acid I ml
Whole Blood
Sample Number

Liberated by
Clarase

l
2
3
4
5
6
7
8
9

10
ll

12
13
14
15
16
17
18
19
20

Mean and Standard
Deviation

249

Liberated by
Alkaline Phosphatase

( 111 )

(112)

275
537
212
275
312
231
312
274
256
212
374
312
412
144
250
75
85
85
112
237

387
337
612
250
399
312
399
449
324
262
719
531
794
332
383
269
269
357

+ 116

144

232

403

+ 154

at test statistic of 11 < 11 2 equalled -3.567 with 38 degrees of freedom.
Significant at the .0010 level.
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Table 6.

Liberation of pantothenic acid from a fresh. whole blood by
Clarase verses alkaline phosphatase

Nanograms Pantothenic Acid I ml
Whole Blood
Liberated byb
Clarase

Sample Number

Li berated byb
Alkaline Phosphatase
( 1-12 )

( 1-11 )

+ 7. 5
+ 5.7
+ 97.4

209

259
297

+ 10.4
+ 29.2
+ 80.4

274 + 71.6

255

+ 65 .1

250
246
326

1
2
3

Mean and Standard
Deviation

at test statistic of 1-1 1= 1-1 2 equalled .596 with 8 degrees of freedom.
Significant at the .5595 level.
bNumbers after plus and minus signs denote standard deviations of n
replications.

Results.

A.

Alkaline phosphatase plus pigeon liver enzyme.

=

3

The

liberation of pantothenic acid over time when alkaline phosphatase
plus pigeon liver enzyme were used is shown in Figure 1.

The peak in

pantothenic acid liberation occurred at approximately four hours.
Results.

B.

Alkaline phosphatase alone verses alkaline phosphatase

plus hog kidney peptidase.

The liberation of pantothenic acid over

time when alkaline phosphatase was used alone, verses when alkaline
phosphatase plus hog kidney peptidase were used together (using

a

different blood sample from that in Part A) is shown in figure 2.
The peak liberation when using either alkaline phosphatase alone,
or both the alkaline phosphatase plus the hog kidney peptidase together,
occurred at approximately five hours.
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Liberation of pantothenic acid over time with alkaline
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Using again a different blood sample from that used in Part A or
the first of Part B, the liberation of pantothenic acid over time using
alkaline phosphatase alone is shown in Figure 3.

Although the peak

liberation of pantothenic acid was at 8 hours (490 ng), the values
at 4, 6, and 16 hours were 420, 434, and 406 ng respectively.
Experiment 5A. Effects of Acid
Hydrolysis, Boiling, and Extraction
of Fats on Pantothenic Acid Liberation from Sera
Purpose.

To determine the amount of pantothenic acid in sera and

the contribution of boiling, pH adjustment to 4.5, and extraction of
fats with chloroform as described by Markannen (1973).
Results.

The liberation of pantothenic acid from sera when the

above treatments were used and separately excluded are shown in Table 7.
The pantothenic acid liberation was greatest when all three
treatments were used.

However, elimination of the extraction of fats

only decreased the pantothenic acid liberation by 30 nanograms.
Elimination of either boiling or pH adjustment to 4.5 decreased the
pantothenic acid liberation to approximately one-third of that obtained
when all three treatments were used.
Experiment 5B. Effects of Boiling
and pH Adjustment on Liberation of
Pantothenic Acid from Sera
Purpose.

To assess the optimum acid pH range for liberation of

pantothenic acid from sera, with and without boiling; and to assess the
effects of boiling before and after pH adjustment.
Results.

(A)

The liberation of pantothenic acid when sera was

first boiled then acid pH adjusted, pH adjusted first then boiled, verses
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Table 7.

Pantothenic acid liberation from sera when using combinations
of boiling, extraction of fats, and acid hydrolysis (pH 4. 5)

Treatment

Nanograms Pantothenic Acid
per 1 ml Sera
248

Boil 10 Minutes, pH to 4.5, Extract
Fats with Chloroform
pH to 4.5, Extract Fats with
Chloroform

70

Boil 10 Minutes, Extract Fats with
Chloroform

70

216

Boil 10 Minutes, pH to 4.5

Table 8.

Pantothenic acid liberation by di fferent ac i d pH levels, and
by varying order of pH adjustment and boiling

Nanograms Pantothenic Acid
per 1 ml Sera
pH 2.5

pH 3.5

pH 4 . 5

182

109

0

pH Adjust First, then
Boil for 10 Minutes

51

162

394

pH Adjust Only for 10
Minutes

51

109

214

Treatment
Boil 10 Minutes, Adjust
to Acid pH
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Table 9.

Pantothenic acid liberation by varyin~ combinations and orders
of pH adjustment (to 4. 5) and boiling

Treatment

Boil for 10 Minutes, Adjust to
pH 4.5

Nanograms Pantothenic Acid I mlb
Sera

176

+ 32

pH Adjust First, then Boil for
10 Minutes

150 + 25

pH Adjust Only (10 Minutes)

218 + 80

pH Adjust, then Boil One
Hour

181

No Boiling, No pH Adjustment

73

Boil Only (10 Minutes)

90

+

8

aF test statistic equalled 3.67 wi th degrees of freedom 3 and 8.
Not significant at p = .05
b

Numbers afte r (the plus and minus signs denote standard deviations
(n = 3 replications). Where only one number was reported, there were
no replications.
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pH adjusted only are shown in Table 8.

Although no clear cut trend

was found within the different acid pH ranges, optimum pantothenic acid
liberation occurred after pH adjusting the sera first to 4.5, then
boiling for 10 minutes.
Results.

(B)

The liberation of pantothenic acid when sera was

first boiled for 10 minutes then adjusted to pH 4.5, pH adjusted to
4.5 first then boiled, pH adjusted to 4.5 only, pH adjusted to 4.5
then boiled for one hour, neither pH adjusted nor boiled, verses
boiled for 10 minutes with no pH adjustment are shown in Table 9.
Although the mean value is greatest for pantothenic acid liberation
when the sera is pH adjusted only, at the .05 level there was insufficient
evidence to say that there was a significant difference between the
six treatments.
Experiment 5C. Comparison of
Pantothenic Acid Liberation by
Various Hydrolytic Methods
Purpose.

To compare the pantothenic acid liberated by acid hydro-

lysis, base hydrolysis, and boiling, to that released by conventional
enzyme treatment.
Results.

The pantothenic acid liberated by acid hydrolysis, base

hydrolysis, and boiling, with and without prior enzymatic hydrolysis
with alkaline phosphatase and hog kidney peptidase, is shown in Table 10.
An analys i s of variance at the .05 level yielded insufficient evidence
to say that there was a difference in the four treatments, with or
without prior enzymatic hydrolysis.

However, there was approximately a

100 nanogram increase in pantothenic acid with or without the use of
hog kidney peptidase and alkaline phosphatase when either pH adjustment
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Table 10.

Pantothenic acid liberated by acid hydrolysis, base
hydrolysis, and boiling; with and without prior hydrolysis
by alkaline phosphatase plus hog kidney peptidase

Nanograms Pantothenic Acid perc
1 ml Sera
Treatment

Standard pH (7.4)

Hydrolyzed with Alkaline
Phosphatase plus Hog
Kidney Peptidase
148 + 4
( 111)

255 + 7.5

Boiled for 10 Minutes

220

pH Adjusted to 12 with
1.0 N KOH, then Heated
at 70°C for 1 Hour.

5

(11 3)

+ 51

(114)

154

+

0

(116)

(112)

283

57 + 4
(11s)

Adjusted to pH 4.5 for
15 Minutes

+

No Enzymatic
Hydrolysis Used

155

+ 25

(117 )

215

+ 72

(11e)

aF test statistic for 111= 112= 113= 114 equalled 4.92 with 3 and 4 degrees
of freedom. Not significant at the . 05 1eve 1 .
bF test statistic for 11 = 11s= 117= lla equalled 2.94 with 3 and 4 degrees
of freedom. Not significant at the .05 level .
cNumbers after the plus and minus signs denote standard deviations
of n = 2 replications.
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to 4.5, boiling, or treatment with 1.0 N KOH were used verses when none
of the hydrolytic procedures were used.
Experiment 50. Acid pH Effect on
the Liberation of Pantothenic Acid
from Whole Blood
Purpose.

To determine the optimum acid pH range for liberation of

pantothenic acid from whole blood.
Results.

T~e

results of 3 replications from both Procedure A (acid

hydrolysis only), and Procedure B (acid hydrolysis subsequent to enzyme
hydrolysis) are shown in Table 11.

An analysis of variance showed no

significant differences between any of the pH levels when the blood was
also hydrolyzed with enzymes.

However, when acid hydrolysis only was

used, pantothenic acid liberation at pH 4.5 was significantly greater
than that obtained at any of the other pH units.
Experiment 5E. Liberation of
Pantothenic Acid from Whole Blood by
Base Hydrolysis
Purpose .

To determine the amount of pantothenic acid released

by base hydrolysis with and without prior hydrolysis by alkaline
phosphatase plus hog kidney peptidase.
Results.

The results are shown in Table 12.

There was a signifi-

cant difference between the liberation of pantothenic acid by alkaline
phosphatase and hog kidney peptidase verses when no treatment with the
two enzymes was used.

However, there was no significant difference

at the .05 level between the values obtained when KOH hydrolysis was
and was not included in both enzyme treated and non-enzyme treated
samples.
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Table 11.

Pantothenic acid liberated from whole blood at different
acid pH units with and without prior enzymatic hydrolysis

Nanograms Pantothenic Acid per 1 mlc
Whole Blood
pH

Hydrolyzed with Alkaline
Phosphatase plus Hog
Kidney Peptidasea

No Egzymatic Hydrolysis
Used

2.5

439 + 95.0
(f.ll)

52 + 6.6
(f.ls)

3.5

452 + 75.0
(f.lz)

47 + 6.5
(f.ls)

4.5

507

+

6.5

127 + 7. 0
(f.l7)

6.0

54 + 2.0
(f.le)

( f13)

7.4

404

+

(f.!'+)

aF test statistic for f.l 1 = flz= fl 3 = f.l 4 equalled 0.06 with 3 and 8 degrees
of freedom. Not significant at p = .05.
bF test statistic for f.ls= f.ls= f.1 7= f.le equalled 42.36 with 3 and 8 degrees
of freedom. Significant at p = .05.
Fischer's LSD= 23.24. Indicated a significant difference between
f.l7• f.ls; f.17, f.l 6 ; f.1 7, f.le· No other significant differences.
cNumbers after plus and minus signs denote standard deviations of
n = 3 replications.
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Table 12.

Pantothenic acid released by hydrolysis with 1.0 N KOH; with
and without prior hydrolysis by alkaline phosphatase and
hog kidney peptidasea

Nanograms Pantothenic Acid per mlb
Whole Blood
Enzyme
Treatment

Standard pH
(7.4)

pH Adjusted to 12 with 1.0 N
KOH; Heated 1 Hour at 70°C

Hydrolyzed with
Alkaline Phosphatase
plus Hog Kidney
Peptidase
No Enzymatic
Hydrolysis
aF test statistic of ~I= ~ 2 = ~ 3 = ~~equalled 54.67 with 3 and 8 degrees
of freedom. Significant at p = .uS.
Fischer's LSD= 85.356. Indicated a significant difference between
~I' ~2; ~I• ~~; ~ 3 , ~~; ~3, ~ 2 .
No other significant differences
at p = .05.
b

Numbers after the plus and minus signs denote standard deviations of
n = 4 replications.
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Experiment 6A. Autolysis in Whole
Blood and Sera
Purpose.

To determine if autolysis of compl exed forms of panto-

thenic acid occurs in blood; and the time and temperature dependence of
the autolysis.
Results.

A.

Fresh blood at 23°C.

The liberation of pantothenic

acid over time in 3 fresh blood samples, with and without subsequent
enzymatic hydrolysis by alkaline phosphatase and hog kidney peptidase,
is shown in Figure 4.

In a 96 hour time span, the free pantothenic acid

increased from 87 to 281 nanograms, while the amount measured when
alkaline phosphatase plus hog kidney peptidase was added (total)
increased from 294 to 488 ng/ml whole blood.
The liberation of pantothenic acid over t i me at 23°C at different
time intervals than previously, and in a separate blood sample (which
was also autolyzed at 37°C) is shown in Figure 5.

In a 136 hour time

span, the free pantothenic acid increased from 70 to 270 ng/ml whole
blood, while the pantothenic acid measured when alkaline phosphatase
plus hog kidney peptidase was added increased f rom 218 to 450 ng/ml
whole blood.
Results.

B.

Frozen and fresh blood at 37°C. The liberation of

pantothenic acid over time at 37°C in fresh blood is shown in Figure 6.
In 136 hours, the free pantothenic acid increased from 70 to 550 ng/ml
whole blood, while the pantothenic acid measured when alkaline phosphatase
plus hog kidney peptidase was added increased from 210 to 710 ng/ml
whole blood.
Since the fresh blood sample which was autolyzed at 37°C was the
same as that autolyzed at 23°C in the second half of Procedure B, a
comparison of the autolysis at the two temperatures is shown in Figure 7.
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Liberation of pantothen ic acid in f resh verses frozen whole
blood by autolysis at 37 °C
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Liberation of pantothenic acid in boiled blood by autolysis
at 37 °C and 23 °C
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The liberation of pantothenic acid over t ime at 37°C in frozen blood
is shown in Figure 8.

In a 120 hour

time spa n, the free pantothenic

acid increased from 85 to 534 ng/ml whole blood, while that measured
when alkaline phosphatase plus hog kidney peptidase were added increased
from 356 to 961 ng/ml whole blood.
A comparison of the auto1ysis in fresh verses frozen blood at 37°C
is shown in Figure 9.
Results.

C.

Autolysis in Sera.

The liberation of pantothenic acid

in fresh sera over time at 37°C with and without subsequent enzymatic
hydrolysis by _alkaline phosphatase and hog kidney peptidase, is compared
with fresh whole blood in Figure 10.

The free pantothenic acid, at 0

and 136 hours, was measured at 78 and 62 ng/ml sera respectively, while
the pantothenic add 1 i berated by a 1ka 1i ne phosphatase and hog kidney
peptidase was measured at 103 ng/ml sera both at 16 hours and 152 hours.
Results.

D. Autolysis in boiled blood.

The liberation of panto-

thenic acid in boiled blood over time at 37°C and 23°C, with and without
subsequent enzymatic hydrolysis by alkaline phosphatase and hog kidney
peptidase is shown in Figure 11.

At 23°C , from 0 to 48 hours, the free

pantothenic acid was measured at 325 and 329 ng/ml blood respectively.
The pantothenic acid obtained by hydrolysis with alkaline phosphatase
plus hog kidney peptidase was measured at 586 and 542 ng/ml blood during
the same time span.
At 37°C, from 0 to 96 hours, the free pantothenic acid was assayed
at 325 and 304 ng/ml blood respectively.

The pantothenic acid liberat-

ed by hydrolysis with alkaline phosphatase plus hog kidney peptidase
was measured at 586 ng/ml blood both at 16 and 112 hours.
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Table 13.

Totala, freeb, boundc, and bound/free ratio of pantothenic
acid in blood samples frozen for 15 months

Nanograms Pantothenic Acid per ml
Whole Blood
Sample

Total

Free

Bound

1
2
3
4
5
6
7
8
9
10
11
12
13
.14
15
16
17
18
19
20

266
224
210
448
210
182
203
378
224
196
325
429
209
267
128
313
325
406
244
267

238
126
168
210
154
154
196
210
175
140
139
290
104
139
70
104
302
209
81
162

28
98
42
238
56
28
7
168
49
56
186
139
105
128
50
209
23
197
223
105

Mean and
Standard
Deviation

273

+ 85

168

+ 60

107

Bound/ Free Ratio
.1176
. 7778
.2500
1 .1330
.3636
. 1818
. 0357
.8000
.2800
.4000
1. 3380
.4793
1. 0096
.9200
.7100
2.0100
. 0761
. 9423
2.7460
.6481

+ 73

.76095 + .6770

aPantothenic acid measured when blood was hydrolyzed with alkaline phosphatase plus hog kidney peptidase.
bPantothenic acid measured with no enzymatic hydrolysis.
cTota1 pantothenic acid minus free pantothenic acid.
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After a 96 hour time span, the liberatio n of pantothenic acid
by subsequent pH adjustment to 4.5 yielded va l ues of 252 ng/ml whole
blood not hydrolyzed with alkaline phosphatase plus hog kidney peptidase,
and 564 ng/ml whole blood which had been hydrolyzed with the two
enzymes.

This compared to values of 304 and 586 ng respectively in

the blood which had not been pH adjusted to 4.5 .
Experiment 6B. Ratio of Bound/Free
Pantothenic Acid in Fresh Blood
Samples and in Samples 15 Months Old
Purpose.

To determine the ratio of bound/free pantothenic acid in

fresh bloods and in those up to 15 months old to assess whether any
autolysis may have occurred.
Results.

The

11

total

11

(pantothenic acid measured when blood is

hydrolyzed with alkaline phosphatase plus hog ki dney peptidase), free
(pantothenic acid measured with no hydrolysis procedure used), bound
(total minus free pantothenic acid), and bound/free ratio of pantothenic
acid is shown for frozen blood in Table 13, and for fresh in Table 14.
A comparison of fresh verses frozen blood is shown in Table 15.
p

=

At

.05, there was no significant difference in the total pantothenic

acid of the two groups.

However, a significant difference was seen

between the two groups in the bound, free, and bound/free ratio of
pantothenic acid.

Fresh blood had an average of 138% greater bound

pantothenic acid, and an average of 118% less free pantothenic acid
when compared to frozen blood.

The bound/free ratio of fresh blood was

400% higher than that of frozen blood.
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Table 14.

b
c and bound/free ratio of pantothenic
bound,
Total a , free,
acid in fresh blood samples

Nanograms Pantothenic Acid per 1 ml
Whole Blood
Sample

Total

Free

Bound

1
2
3
4
5
6
7
8
9
10

210
210
276
320
286
468
313
407
507
319

30
70
79
84
96
94
93
70
119
34

180
140
197
236
190
374
219
337
388
285

Mean and
Standard
Deviation

331

+ 95

77

+ 26

255

Bound/Free
Ratio
6. 00
2. 00
2.48
2. 81
1. 98
3.98
2.35
4.81
3.26
8.38

+ 82

3.805

+ 2. 07

aPantothenic acid measured when blood was hydrolyzed with alkaline phosphatase plus hog kidney peptidase
bPantothenic acid measured with no enzymatic hydrolysis
cTotal pantothenic acid minus free pantothenic acid
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Table 15.

Comparison of Totala, Freeb, Boundc , and Bound/Free Ratio of
Pantothenic Acid in Blood Samples 15 Months Old verses
Fresh Blood Samples

Nanograms Pantothenic Acid
per ml Whole Blood
Fresh Blood
(n = lO)

Blood Frozen
15 Months (20)

T Test
Statistic

Level of
Significance

Total

331

+ 95

273

+ 85

-1 . 646

0.1110

Bound

255

+ 82

107

+ 75

-4 . 846

0.0001

Free

77

+ 26

168

+ 60

4.408

0.0001

-6.050

0.0001

Bound/Free
Ratio

3.81

+ 2.07

0.761

+ .677

aPantothenic acid measured when blood was hydrolyzed with alkaline
phosphatase plus hog kidney peptidase.
bPantothenic acid measured with no enzymatic hydrolysis .
. cTotal pantothenic acid minus free pantothenic acid.
dNumbers after the plus and minus signs indicate standard deviations.
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Experiment 7. Comparison of Pantothenic Acid Liberation in Whole
Blood by Different Protease Treatments
Purpose.

To determine whether enzymatic proteolysis would increase

pantothenic acid release from whole blood when compared to hydrolysis
with alkaline phosphatase and hog kidney peptidase.
Results.

The ng pantothenic acid/ml whole blood liberated by

the different proteases, with and without hydrolysis with alkaline phosphatase plus hog kidney peptidase, (from Procedures A through D) is
shown 1n Table 16; a statistical summary is shown in Table 17.
The pantothenic acid liberated by the protease digestions followed
by hydrolysis with alkaline phosphatase plus hog kidney peptidase over
and above that liberated by alkaline phosphatase plus hog kidney
peptidase alone was significantly different (p
chymotrypsin.

=

.05) for trypsin and

The pantothenic acid liberated by the proteases alone

over and above that liberated when no hydrolysis procedure was used
was significantly higher for all the different proteases at the .05 level.
When comparing the liberation by the different proteases plus
alkaline phosphatase and hog kidney peptidase, a significant difference
was seen at the .05 level between trypsin and all of the other proteases.
When the liberation by the different proteases only was compared,
however, no significant differences (at p

=

.05) was seen between the

liberation by trypsin, chymotrypsin, papain, or peps1n.
Experiment 8. Addition of Hog
Kidney Peptidase and Alkaline
Phosphatase both Before and After
Trypsin Digestion
Purpose.

To assess whether addition and incubation of blood with

hog kidney peptidase and alkaline phosphatase before trypsin digestion
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Table 16.

Pantothenic acid liberated from who l e blood when digested
with various proteases, with and without hydrolysis by
alkaline phosphatase plus hog kidney peptidase

Nanograms Pantothenic Acid pera
ml Whole Blood
Alkaline Phosphatase plus
Hog Kidney Peptidase
Added

-

No Alkaline
Phosphatase or Hog
Kidney Peptidase
Added

Trypsin Addedb,f
No Trypsin Added

977 +
407 +

0 (~1)
0 ( ~2 )

618 ~ 147 (~3)
70 + 12 (~4)

Papain Addedc
No Papain Added

438
344

+
+

30 ( J.ls)
16 (~s)

Pepsin Addedd
No Pepsin Added

529 + 122
319 + 7

( ~9 )
(~1 o )

423 ~ 0 (~ 7 )
46 + 23 (~e)
360 2" 7 ( ~ 11)
43 + 7 ( ~ 12)

Chymotrypsin Addede
No Chymotrypsin Added

652 ~
430 +

0 ( ~ 13 )
7 ( ~ 14)

226 2" 31 (~1 s )
119+ 8 ( ~1 s)

a

Numbers after the plus and minus signs denote standard deviations of
n = 2 replications.

bB l an k value for trypsin plus al kal i ne phosp hatase and hog kidney pept i dase equalled 50 nanograms pantotheni c aci d. Blank value for trypsin
alone equalled 50 nanograms .
cBlank value for papain plus alkaline phosphatase and hog kidney peptidase equalled 782 nanograms pantothenic ac id. For papain alone, the
blank value was 422 nanograms.
dBlank value for pepsin plus alkaline phosphatase and hog kidney peptidase equalled 325 nanograms pantothenic acid. The blank value for
pepsin alone also equalled 325 nanograms pantothenic acid.
eBlank value for chymotrypsin plus alkaline phosphatase and hog kidney
peptidase equalled 77 nanograms pantothenic acid. For chymotrypsin
alone, the blank value was approximately 0 nanograms pantothenic acid.
fseveral more trypsin digestions were completed. However, since the
incubation times varied, the results are outl i ned in Appendix F rather
than in the Results section.
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Table 17. Statistical comparison of pantothen ic acid liberated from
whole blood when digested with vario us proteases, with and
without hygrolysis with alkaline pho sphatase plus hog kidney
peptidase

Analysis of
Variance For:
l-11 = l-1 2 = l-13= \..14

F Value

Significant Fi scher's Significant
at p = . 05?
Differences
LSD

26.81

Yes

289

All Except
\..13, l-12

\..15= l-16= l-17= l-le

40.23

Yes

ll3

All Except
\..1 5 ' l-16; \..1 5 ' \..17 ;
l-16 • l-17

l-1 9= l-1 1 o= l-1 1 1= l-1 1 2

11. 24

Yes

241

All Except
l-19 • l-11 0; l-1 9•\..111;
l-110 • l-1 11

l-113 = l-11 4=
\..1 1 5= \..1 1 6
l-11- l-l s- l-19 - \..1 1 3

187.03

Yes

14 .00

Yes

67 . 6
247

Significant for
All Treatments
Significant for
l-1 1• \..19 ;

l-13 = l-17 = l-11 1= l-115

4.75

aRefe r to Table 16 for corresponding

No
l-1

t reat men ts
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was just as effective in liberating

pantot h ~ni c

acid as the addition of

the two enzymes after trypsin digestion.
Results.

The results are shown in Table 18.

Readdition of

alkaline phosphatase and hog kidney peptidase after trypsin digestion
did not increase the amount of pantothenic acid liberated over and
above that liberated when alkaline phosphatase and hog kidney peptidase
were added before trypsin digestion.

Table 18.

Nanograms of pantothenic acid liberated by hydrolysis with
hog kidney peptidase and alkaline phosphatase only, by
hydrolysis with the two enzymes followed by trypsin digestion,
and with the addition of alkaline phosphatase plus hog kidney
peptidase both before and after trypsin digestion

Nanograms PantothenicaAcid I
ml Whole Blood
Alkaline Phosphatase plus Hog Kidney
Peptidase Added

317 + 80

Alkaline Phosphatase plus Hog Kidney
Peptidase Added Followed by Trypsin
Digestion

982

f

Alkaline Phosphatase plus Hog Kidney
Peptidase Added Followed by Trypsin
Digestion and Subsequent Readdition
of Alkaline Phosphatase plus Hog
Kidney Peptidase

861

+ 95

207

aNumbers after the plus and minus sign~ indicate standard deviations of
n = 4 replications
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Experiment 9A. Optimum Amount of
Trypsin to Use for Maximum Pantothenic
Acid Liberation from Whole Blood
Purpose.

To determine the optimum amount of trypsin to add in

whole blood protease digestions for liberation of pantothenic acid.
Results.

After a 24 hour incubation at 37°C, the peak liberation

of pantothenic acid occurred at 20,000 units of trypsin activity.
The results are compared with those obtained in Experiments 9B-90 in
Figure 12.
Experiment 9B. Optimum Amount of
Acetylated Trypsin to Use for
Pantothenic Acid Liberation from
Whole Blood
Purpose.

To determine if the activity of trypsin necessary to

digest blood proteins and to maximize pantothenic acid liberation can
be reduced by using acetylated trypsin.
Results.

The maximum liberation of pantothenic acid after a 24

hour incubation at 37°C occurred at 32,000 units of acetylated trypsin
activity.

Theresultsare compared with those from Experiments 9A,

9C, and 90 in Figure 12.
Experiment 9C. Optimum Amount of
Acetylated Trypsin to Use for
Pantothenic Acid Liberation from
Whole Blood When Incubated Under
Constant Agitation
Purpose.

To determine whether constant agitation during incubation

had an effect on the optimum amount of trypsin needed for liberation of
pantothenic acid in blood.
Results.

The maximum liberation of pantothenic acid after a 24

hour incubation in a mechanical shaker was seen at 20,000 units of
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Liberation of pantothenic acid in whole blood after a 24
hour trypsin digestion with varying activities and
conditions of incubation

•.....................•

At 37° C
At 2J°C

1600
1400
-.:I

·~

1200

..£

-=

1000

E
~
c:o::

BOO

c..:

.....·•······················ .............. .
.....·

_../.../

600

'1:>.0

=

400
200

0 •

9,000

•

16, 0~0

2.: , 0'}0

JZ , OQO

40, 000

units trypsin

Figure 13.

Liberation of pantothenic acid from whole blood using
different activites of acetylated trypsin at 23°C and
37 °C (incubated under constant agitation)
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acetylated trypsin activity at both 23°C and 37°C.

An increase of

approximately 300 ng pantothenic acid/ml blood, however, was evident
in the blood incubated at 37°C, and is shown in Figure 13.
Experiment 90. Optimum Amount of
Trypsin to Use After Incubation of
Whole Blood with Hog Kidney Peptidase
and Alkaine Phosphatase
Purpose.

To determine if the optimum amount of trypsin necessary

to liberate maximal amounts of pantothenic acid from whole blood was
the same after digestion with hog kidney peptidase plus alkaline
phosphatase as when the trypsin was used alone.
Results.

Maximal liberation of pantothenic acid after prior

incubation with alkaline phosphatase plus hog kidney peptidase was
seen at 16,000 units of trypsin activity.

The results are compared

with those obtained in 9A, 9B, and 9C in Figure 12.
Experiment lOA. Optimum Incubation
Time for Liberation of Pantothenic
Acid from Whole Blood When Using a
Trypsin Digestion
Purpose.

To assess the optimum time for trypsin incubation in

liberating pantothenic acid from whole blood.
Results.

The average liberation over time in five separate

incubation procedures is shown in Figure 14.

Although there was much

variation, maximal liberation of pantothenic acid seemed to occur at
48 hours .
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Experiment lOB. Optimum Incubation
Time when Using Agitation in the
Trypsin Digestion of Whole Blood for
Liberation of Pantothenic Acid
Purpose .

To assess the optimum incubation time for liberation of

pantothenic acid when a shaker bath was employed in the incubation
procedure.
Results.

The liberation of pantothenic acid over time is shown

when the blood was incubated at 23°C using both 1:30,000 and 1:7,500
dilution thimersol, at 37°C using 1:7,500 dilution thimersol, and at
37°C when approximately three times the usual amount of trypsin was
added.
Peak liberation still occurred at 48 hours when the mechanical
shaker bath was used, yet the values at 48 hours were over 200% higher
than when a shakerbath was not employed, as is shown in Figure 14.
Experiment lOC. Effect of Increasing
Concentrations of Trypsin on
Optimum Incubation Time for Liberation of Pantothenic Acid from Whole
Blood
Purposes.

(1) To determine if increasing the concentration of

trypsin may reduce the incubation time necessary for liberation of
pantothenic acid from whole blood and (2) To determine if there was
bacterial contimination of blood after extended incubation periods.
Results.

The results are shown in Figure 14 .

Peak liberation

still occurred at 48 hours, even with three times the normal amounts
of trypsin added.
After 48 hours, there were gram positive bacilli noted in the
trypsin digested samples.
control blood.

The bacilli were not see in the frozen
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Experiment 100. Effect of Increas ing Concentrations of Thimerosal
on Trypsin Digested and Control
Blood Samples
Purpose .

To determine the effect of inc r easing the amount of

thimerosal in trypsin digested blood samples and in non-trypsin digested
controls.
Results.

The results are shown in Figure 15.

The values obtained

with either a 1:2,500 dilution or 1:5,000 dilut i on thimerosal blood
were very close in either the trypsin digested or non-digested samples.
After 48 hours, in two replications, ther e was no evidence of
bacterial contamination in any of the blood samples.
Experiment 11. Pantothenic Acid in
the Protein Fraction of Blood;
Assessed through Various Hydrolytic
Procedures
Purpose.

To determine the pantothenic aci d content of the protein

fraction of blood through the following procedures : No hydrolysis;
hydrolysis with 1. 2 N HCL (pH 4.5); hydrolys i s with alkaline phosphatase
plus hog kidney peptidase; hydrolysis with tryps in; and hydrolysis with
trypsin followed by hydrolysis with alkaline phosphatase and hog
kidney peptidase.
Results.

The results are shown in Table 19.

At the . 05 level,

there was a significant difference between all t reatments except
hydrolysis with alkaline phosphatase and hog kidney peptidase verses
pH adjustment to 4.5, and no hydrolysis verses pH adjustment to 4.5.
Experiment 12. Acid pH Hydrolysis
Prior to Adding Trypsin
Purpose.

To determine if trypsin liberates pantothenic acid over

and above that liberated by acid hydrolysis.
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Table 19.

Pantothenic acid liberated from t he protein fraction of blood
with alkaline phosphatase plus hog kidney peptidase, trypsin
digestion, acid hydrolysis, and wi th combinations of hydrolytic proceduresc

Nanograms Pantothenic Acid per 177 mga,b
Whole Blood Protein
Trypsin Added

No Trypsin
Added

pH Adjusted
to 4.5

Alkaline Phosphatase
plus Hog Kidney
Peptidase Added
No Alkaline
Phosphatase or
Hog Kidney Peptidase
Added
al77 mg

=

406

+

88

( f.lz)

approximate protein composition of 1 rnl whole blood .

bNumbers after the plus and minus signs denote standard deviations of
n = 4 replications
cF test statistic for f.ll= f.lz= f.l 3 = f.!= f.ls equalled 18.38 with 4 and 15
degrees of freedom. S1gnificant at the .05 level. Fischer 1 s LSD
equalled 104. Indicated a significant difference between all treatments except f.1 3 , f.l 5 ; f.1 4 , f.l 5 at the .05 level.
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Table 20.

Pantothenic acid liberation by acid pH hydrolysis, trypsin
digestion, hydrolysis with alkaline phosphatase plus hog
kidney peptidase, and with combinations of hydrolytic
procedures a

Nanograms Pantothenic Acid perb
ml Whole Blood
Alkaline Phosphatase plus
Hog Kidney Peptidase
Added

Trypsin Added

821

+

(~1)

No Trypsin Added

39

281 + 32
(~2)

-

Trypsin Added Plus pH
Adjusted to 4.5

869 + 29
( ~3)

pH Adjusted to 4.5

315 + 78

No Alkaline
Phosphatase or Hog
Kidney Peptidase
Added
476

+

59

(~s)

19 +

19

(~6)

430 + 117
(~7)

( ~,.)

aF test statistic for ~ 1 = ~ 2 = ~ 3 = ~ 4 = ~ 5 = ~ 6 = ~ 7 = ~ equalled 26.11
with degrees of freedom 7 and 8. Fischer's LSD = i99. Significant
differences between all treatment means except ~1, ~ 3 ; ~ 2 , ~ 4 ; ~s, ~7;
~6• ~e; ~ 2 • ~ 7
at the .05 level.
b

Numbers after the plus and minus signs denote standard deviitions of
n = 2 replications.
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Results.

The results are shown in Table 20.

At the . 05 level,

there was no significant difference between the liberation of pantothenic acid when blood was pH adjusted to 4. 5 first

then hydrolyzed

with trypsin,with or without the alkaline phosphatase and hog kidney
peptidase, verses when no pH hydrolysis was used.
Experiment 13. Addition of Trypsin
Before and After Autolysis of Blood
has Occurred
Purpose.

To assess if trypsin liberates pantothenic acid over

and above that liberated by autolysis.
Results.

The results are shown in Figure 16.

The free pantothenic

acid increased from 90 to 490 ng/ml whole blood after 120 hour·s autolysis,
while that released by hog kidney peptidase and alkaline phosphatase
increased from 470 to 1000 ng; the

pa~tothenic

acid measured by trypsin

digestion changed from 969 to 1069 ng/ml whole blood.
Experiment 14. Trypsin Digestion
of Red Blood Cells and Plasma
Purpose.

To determine the relative amount of pantothenic acid

in both red blood cells and plasma through trypsin digestion, hydrolysis
with alkaline phosphatase and hog kidney peptidase, trypsin digestion
followed by hydrolysis with alkaline phosphatase and hog kidney
peptidase, and the pantothenic acid liberated when no hydrolytic
procedure is used.
Results.

The pantothenic acid liberated by digestion with trypsin

alone and followed by hydrolysis with alkaline phosphatase plus hog
kidney peptidase, by hydrolysis with alkaline phosphatase and hog
kidney peptidase only, and with no hydrolysis is shown for red blood
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Pantothenic acid liberation by autolysis at 37°C, and by
trypsin digestion before and after autolysis had occurred.
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Table 21.

Pantothenic acid liberated from r ed blood cells by trypsin
digestion, hydrolysis with alkal i ne phosphatase and hog
kidney peptidase, no hydrolysi s, and combinations of hydrolytic proceduresa

Nanograms Pantot henic Acid/b
1 ml RBC
Hog Kidney Peptidase plus
Alkaline Phosphatase Added

Trypsin Added

2097

+

47

(lll)

No Trypsin Added

760

+

(llJ

No Hog Kidney
Peptidase or
Alkaline Phosphatase
Added
1345

+ 156

( l13)

34

24

+

29

( ll'+ )

aF test statistic of l11= l1 2 = l13= l14 was equal to317 . 12 with degrees of
freedom 3 and 12. Significant at the .05 level. Fischer's LSD = 151.
Significant difference between all treatment means.
bNumbers after the plus and minus signs denote standard deviations of
n = 4 replications.
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Table 22.

Pantothenic acid liberated from pl asma by trypsin digestion,
hydrolysis with alkaline phosphatas e and hog kidney
peptidase, no hydrolysis, and combi nat ions of hydrolytic
procedures a

Nanograms Pantothenic Acid/b
1 ml Plasma
Hog Kidney Peptidase plus
Alkaline Phosphatase Added

Trypsin Added
No Trypsin Added

No Hog Kidney Peptidase
of Alkaline Phosphatase
Added

409 + 50
(ul)

418

94 + 55
(u )

107

2

+

95

(u3)

+

42

(u4)

aF test statistic for u1 = u~= u3= u4 equalled 34.40 with degrees of
freedom 3 and 12. Significant at the .05 level. Fischer's LSD= 96.27.
Significant differences between u1 , U3; u1 , u4 ; u2 , u4 ; u2 , U3·
No
other significant differences at the .05 level.
b

Numbers after the plus and minus signs denote standard deviations of
n = 4 replications.
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Table 23.

Relative amounts of pantotheni c aci d liberated from red
blood cells verses plasma in one ml whole blood by
trypsin digestion, hydrolysis wi t h alkaline phosphatase
and hog kidney peptidase, no hyd rolysis, and combinations
of hydrolytic procedures .

Nanograms Pantothenic Acid/
1 ml Whole Blood
Hog Kidney Peptidase plus
Alkaline Phosphatase Added
From Plasmaa
Trypsin Added

From RBCa
846

271

318

89
Total

- 407

aBased on a hematocrit of 40%

From Plasmaa
278

From RBCa
590

Total - 868

Total - 1117
No Trypsin Added

No Hog Kidney Peptidase
or Alkaline Phosphatase
Added

89
Total - 108

19
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cells in Table 21 and for plasma in Table 22.

Their respective contri-

butions to the amounts in whole blood is shown i n Table 23.
Experiment 15A. Trypsin Digestion
of Bovine Serum Albumin and Human
Serum Albumin
Purpose.

To determine if peptides may interfere with the radio-

immunoassay after trypsin digestion of purified bovine serum albumin and
human serum albumin.
Results.

The % bound and corresponding ng/100 mg bovine serum

albumin and human serum albumin is shown in Table 24.

Although an

increase in pantothenic acid was seen in the trypsin digested samples,
it only amounted to approximately 35 ng over and above the non-trypsin
digested samples for both bovine serum .albumin and human serum albumin.
Experiment 158. Trypsin Digestion
of Bovine Serum Albumin Plus
Pantothenic Acid Spike
Purpose.

To determine if pantothenic acid can be quantitatively

recovered when added to trypsin digested bovine serum albumin.
Results.

The % bound and corresponding ng pantothenic acid in

trypsin digested bovine serum albumin , trypsin digested bovine serum
albumin plus a 500 ng pantothenic acid spike, and a 500 ng spike in
a trypsin solution is shown in Table 25.
The pantothenic acid recovered in both the trypsin digested bovine
serum albumin and trypsin solution was 492 and 495 ng, respectively.
Experiment 16. Correlation of Radioimmunoassay and Microbiological Assay
in Trypsin Digested Whole Blood
Purpose.

To use both the radioimmunoassay and microbiological

assay to determine whether both assays gave comparatively higher values
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Table 24.

Pantothenic acid liberated by trypsi n digestion of bovine
serum albumin and human serum albumin

% Bound

Nanograms Pantothenic Acid
per 100 mg Protein

Bovine Serum AlbuminTrypsin Digested

94
91

40
56

Bovine Serum Albuminno Digestion

100
100

13
13

Human Serum AlbuminTrypsin Digested

89
88

65
70

Human Serum Albuminno Digestion

95
95

36
36

100
100

13
13

H2o Blanks

Table 25 . Trypsin digestion of bovine serum album·in plus standard addition of pantothenic acid

% Bound

Nanograms Pantothenic
Acid

100
100

0
0

Trypsin Digested Bovine
Serum Albumin plus
500 Nanogram Pantothenate
Spike

39
40

508
476

Trypsin in 0.02 M tris buffer
(pH 8.2) plus 500 Nanogram
Pantothenate Spike

38
40

514
476

Trypsin Digested Bovine
Serum Albumin
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for pantothenic acid levels in blood when us i ng a trypsin digestion
verses conventional enzyme treatment.
Results.

The values obtained using both the radioimmunoassay and

microbiological assay

for determination of pantothenic acid liberated

from whole blood by trypsin digestion followed by hydrolysis with
alkaline phosphatase plus hog kidney peptidase, trypsin digestion alone,
hydrolysis with alkaline phosphatase and hog kidney peptidase, and
when no hydrolysis was used is shown in Table 26.
Using an analysis of variance, at p

=

.05, there was no significant

difference between the two assays when using a trypsin digestion alone,
hydrolysis with alkaline phosphatase plus hog kidney peptidase, or when
no hydrolysis was used.

The only significant di fference in the assays

was in trypsin digestion of whole blood followed by hydrolysis with ·
alkaline phosphatase plus hog kidney peptidase.

The radioimmunoassay

read approximately 15% higher than the microbiological assay.
Both assays showed that there was a significant difference in
the pantothenic acid liberated by the four separate treatments.

104
Table 26.

Microbiological assay verses radioi mmuno assay. Pantothenic
acid liberation by trypsin dig~stion, hydrolysis with
alkaline phosphatase and hog kidney pepti dase, no hydrolysis~
and combinations of hydrolytic procedures in whole blood. b,~

Nanograms Pantothenic Acid pera
ml Whole Blood
Alkaline Phosphatase plus
Hog Kidney Peptidase Added
RIAd
Trypsin
Added
No Trypsin
Added

1315

Micro

+ 127

(lh)

378

+

( ~ 3)

41

e

No Hog Kidney Peptidase or
Alkaline Phosphatase Added

1142

+

59

822

389

+

76

93

(~2)

(~a.)

Micro e

RIAd

+ 145

( ~ s)

+

(~7)

56

774

+ 211

(~s)

87

+

(~e)

16

aNumbers after the plus and minus signs denote standard deviations of
n = 6 (2 assays; 3 replications per assay).
bF test statistic for ~1~ ~2= ~3= ~a.= ~ 5 = ~ 6 = ~ 1= ~ 8 equalled 114.06
with 7 and 39 degrees of freedom. Significant at the 0.05 level.
Fischer's LSD= 120. Significant differences in all treatment means
except ~3, ~ 4 ; ~s. ~s; ~1, ~e at the 0.05 level.
cr2 for radioimmuno verses microbiological assays equalled 90.1 %,
adjusted for degrees of freedom.
dMicro - Microbiological assay
eRIA - Radioimmunoassay
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CHAPTER V
DISCUSS I ON
The purpose of the study was to establish the optimum enzyme
treatment for liberation and assay of pantothenic acid in blood.
The methodology employed involved the completion of several sets of
experiments using sera and whole blood designed to determine optimum
conditions for enzymatic treatment plus the contribution of certain
nonenzymatic hydrolysis methods (i.e., acid hydrolysis, base hydrolysis,
and boiling) to pantothenic acid liberation from blood.
The research question as outlined in Chapter 1 follow.

Major

findings are restated and are followed by a discussion of the results.
Research Question; Summary and
Discussion of Results
1.

Is an added pantetheinase necessary in blood, or will alkaline

phosphatase alone yield the same results?
From Experiment 1, as shown in Table 2, the mean liberation of
pantothenic acid in 22 frozen blood samples when alkaline phosphatase
was used alone verses when both alkaline phosphatase plus hog kidney
peptidase were used together was 508 + 286 ng/ml and 482 + 224 ng/ml
respectively, indicating that an exogenous peptidase is not necessary
in whole blood.

(Note:

Earlier research in this laboratory had sub-

stantiated that the pantothenic acid liberation by alkaline phosphatase
plus hog kidney peptidase verses alkaline phosphatase plus pigeon liver
enzyme were not significantly different at p

=

.05.

In fact, the

liberation by alkaline phosphatase plus hog kidney peptidase tended to
be higher by approximately 15% over· that liberated by alkaline phospha-
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tase plus pigeon liver enzyme).
The values obtained were close to those which Baker et al. (1960)
reported using Clarase (a monoesterase), values reported by Hatano
(1962) using alkaline phosphatase plus pigeon liver enzyme, and those
reported by Slepyan et al. (1957) using both alkaline phosphatase and
pigeon liver enzyme.

However, values obtained by Ishiguro et al.

(1961), Barton-Wright and Elliot (1963), Koyanagi et al. (1966),
Markannen (1973), Cohenour et al. (1972), and Ellestad-Sayed et a1.
(1976) using both the alkaline phosphatase and pigeon liver enzyme were
comparatively higher.

According to the author•s experimental results,

though, the higher values cannot be attributed to their particular
enzymatic treatment (to be more fully discussed later).
That an exogenous peptidase was not necessary for measurement of
pantothenic acid in frozen whole blood indicates either that there is
no pantetheine containing moiety in blood, or that there is an endogenous pantetheinase in blood which can hydrolyze any pantetheine in
the blood.
In our laboratory, the pantetheinase activity of sera was measured
(Wittwer, 1979, unpublished observation).
be 8.4 nmol/min(ml).

The activity was found to

This compares to the exogenous pantetheinase

activity usually added to 0.5 ml whole blood of 3 nmol/min in the form
of the hog kidney peptidase or pigeon liver enzyme, indicating that
there is considerable pantetheinase activity in blood.
2.

Does autolysis of coenzyme A occur in whole blood and/or

buffer? To what extent?
Results from Experiment 2, Parts A and B, as outlined in Tables
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3 and 4, indicated that when a 571 ng equivalent pantothenic acid spike
was added as coenzyme A to whole blood, 15% of the pantothenic acid
was recovered when no enzymes were added, 0%when hog kidney peptidase
alone was added, 100% when alkaline phosphatase only was added, and 110%
when both hog kidney peptidase and alkaline phosphatase were added.

In

buffer, 94% of the pantothenic acid was recovered when both alkaline
phosphatase and hog kidney peptidase were added, 5% when alkaline phosphatase only was added, 5% when hog kidney peptidase only was added, and
6% when no enzymes were added.
The results indicate that there is little simultaneous autolysis
of both the peptide and phosphate bond of coenzyme A in blood and buffer.
There was nearly complete liberation of the pantothenic acid when both
hog kidney peptidase and alkaline phosphatase were added to the coenzyme
A in buffer and complete hydrolysis in the blood, indicating that the
two enzymes are effective in hydrolyzing coenzyme A.

Little autolysis

occurred in either blood or buffer when hog kidney peptidase only was
added, suggesting that there is minimal hydrolysis of the phosphate
bond in blood.

There was virtually no autolysis in buffer when alk-

aline phosphatase only was added.

However, 100% of the pantothenic

acid spike as coenzyme A was recovered when alkaline phosphatase only
was added to blood, indicating hydrolysis of the peptide bond of coenzyme A in blood.

The results are in agreement with those from Experi-

ment 1, indicating pantetheinase activity in blood.
3.

Will Clarase, a monoesterase, liberate equivalent amounts of

pantothenic acid in blood when compared to alkaline phosphatase?
The results of Experiment 3 are shown in Tables 5 and 6.

The

data in Table 5 indicates that in frozen whole blood, Clarase did not

100

liberate as much pantothenic acid as did alkaline phosphatase (249
116 ng/ml verses 430

+ 154

ng/ml, respectively).

+

However, in fresh

whole blood (lysed by freeze-thawing three times) the liberation of
pantothenic acid by the two enzymes was equivalent (274.3
ase] verses 255.1

+ 65.1

+ 71.6

[Clar-

ng/ml [alkaline phosphatase]).

It is interesting to note the disparity of values in fresh verses
frozen blood.

When using Clarase, Baker et al. reported average values

of 470 ng/ml whole blood in 1960, while in 1968 values of 250 ng/ml were
reported.

He did not report, however, whether fresh or frozen blood

samples were used.
Alkaline phosphatase has both mono and diphosphatase activity,
while Clarase has only monophosphatase activity (Baker and Frank, 1968).
The fact that the two enzymes liberated equivalent amounts of pantothenic acid in fresh blood yet different amounts in frozen blood, may
indicate that there is a diphosphoesterase which is inactive after long
term freezing of the blood.
However, since the total pantothenic acid of the frozen blood was
higher than the fresh, freezing for an extended period of time may
have caused an increased lysis of cell membranes (even though the red
blood cells were initially lysed by freeze-thawing three times).
Possibly more pantothenic acid complexed through a diphosphoesterase
linkage was exposed which Clarase could not hydrolyze, but which alkaline phosphatase (through its diphosphoesterase actfvity) could.
4.

What is the optimum incubation period for maximum liberation

of pantothenic acid from whole blood when using alkaline phosphatase
and/or hog kidney peptidase or pigeon liver enzyme?
From Experiment 4, the pantothenic acid liberation over time when
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alkaline phosphatase and pigeon liver enzyme were used together, when
alkaline phosphatase was used alone verses when alkaline phosphatase
plus hog kidney peptidase were used together, and (in a separate blood
sample), when alkaline phosphatase was used alone are shown in Figures
1, 2, and 3.
The incubation time span necessary for optimum liberation of pantothenic qcid in all cases was approximately 4 to 5 hours.

Even though

the peak pantothenic acid value in Figure 3 is shown at 8 hours, the
values at 4, 6, and 16 hours are consistent, indicating that the 4
hour incubation period was probably sufficient.
That the liberation of pantothenic acid by alkaline phosphatase
alone verses alkaline phosphatase plus hog kidney peptidase over time
were very nearly equivalent substantiates the results obtained in Exper i ment l, in wh i ch liberation of pantothenic acid by alkaline phosphatase alone equalled that liberated by alkaline phosphatase plus hog
kidney peptidase.

The results also indicate that even when a pante-

theinase is not added to blood, a lon ger i ncubation time for the enzymatic liberation of pantothenic acid is not necessary.
Hatano (1962) suggested that blood samples be incubated for at
least 16 hours.

However, his average value for n=3 samples at 8 hours

was 450 ng/ml; and at 16 hours, 453 ng/ml, suggesting that the 16 hour
ti me interval is not necessary (although a 16 hour overnight incubation period is often convenient, and is not deleterious to pantothenic acid recovery).
5.

What is the relative amount of pantothenic acid in sera? What

is the contribution to pantothenic acid release of boiling, acid hydrolysis, and extraction of fats with chloroform? What is their effect
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in whole blood?
The amount of pantothenic acid in sera and the contribution of
boiling, pH adjustment to 4.5, and extraction of fats with chloroform
is shown in Table 7 (from Experiment 5A).

Maximum liberation of

pantothenic acid occurred with a combination of boiling, pH adjustment
to 4.5, and extraction of fats with chloroform.

However, not extracting

fats with chloroform only decreased the pantothenic acid liberation by
13%, while not pH adjusting to 4.5 or not boiling decreased the pantothenic acid liberation by 72%. Boiling and an acid pH adjustment together were most crucial to maximum pantothenic acid liberation from
sera.

The values obtained did not approach those of Markannen (1972),

although boiling and acid pH adjustment made a big contribution to pantothenic acid liberation from sera, increasing the amount measured
at pH 7.4 by two-fold.
In Experiment 58 Part 1, the optimum acid pH level (2.5, 3.5, 4.5)
for pantothenic acid liberation with and without boiling before and
after pH adjustment was assessed and is outlined in Table 8.

The

greatest liberation of pantothenic acid was seen when the sera was pH
adjusted first to 4.5, then boiled for 10 minutes; the next greatest
was seen with pH adjustment to 4.5 with no heat treatment used.
Since maximum pantothenic acid liberation was seen at pH 4.5,
Experiment 58 Part 2 was designed to further clarify what the optimum
order of boiling and pH adjustment were.

As is shown in Table 9, the

maximum liberatiqn of pantothenic acid was seen when the sera was pH
adjusted to 4.5 only, with no heat treatment included.
differences were not significant at p

=

However, the

.05.

The variability in the data do not allow recommendations to be
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made for optimum pH adjustment and/or heat treatment.

However,

pH 4.5 did seem to be optimum for pantothenic acid liberation with or
without heat treatment included and represented a substantial increase
(two to three-fold) over and above that liberated at pH 7.4.
At first it was thought that the variability in the data when
heat treatment was included possibly could relate to the thermal stability of pantothenic acid.

However, pantothenic acid has been found to

be quite heat stable at pH 4.5 for a much longer duration and greater
intensity of heat treatment than that included here (Hamm and Lund,
1978).

Another plausible cause for the variability in the data could

be a results of excessive viscosity associated with protein coagulation
in the sera caused by boiling, and making accurate replication difficult.
Experiment SE was designed to explore the effects of boiling, acid
pH adjustment, and base hydrolysis (designed to release pantothenic
acid from acyl carrier protein [Butterworth et al ., 1970, p. 369]) on
pantothenic acid liberation from sera over and above conventional enzyme liberation at pH 7.4.
As is shown in Table 10, boiling, pH adjustment to 4.5, and base
hydrolysis all increased pantothenic acid liberation from

~era

when

compared to that measured at pH 7.4 with or without enzyme treatment.
The resuits indicate that the pantothenic acid which is being liberated
by the hydrolytic treatments is not part of that which was conventionally considered as "bound" pantothenic acid, which alkaline phosphatase plus hog kidney peptidase will liberate (i.e., coenzyme A,
phosphopantothenic acid, phosphopantetheine, pantetheine, pantethine,
etc.).

There is the possibility, then, of the existence of another
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complexed form of pantothenic acid in bl ood .
Acid pH hydrolysis of whole blood.

The ef fect which acid pH

hydrolysis had with and without prior enzyme hydrolysis in whole blood
was explored in Experiment 5G.

From Table 11, in whole blood pH 4. 5

was optimum for pantothenic acid liberation, giving approximately a
100 ng/ml increase over and above that liberated at pH 7.4 with or
without prior enzyme treatment, again indicating that the pantothenic
acid released by acid pH adjustment was not from the same form of
11

bound 11 pantothenic acid as that which is released by alkaline phos-

phatase plus hog kidney peptidase.
Since a 100 ng/ml increase was also seen in sera, the majority
of the pantothenic acid liberated by acid hydrolysis seems to be coming
from the sera rather than the red blood cell component of whole blood.
Base hydrolysis of whole blood . As is shown in Table 12 (from
Experiment SH), base hydrolysis did not increase pantothenic acid liberation over and above that liberated by conventional enzyme treatment
at pH 7.4.

There is the possibility that no difference was seen due

to measurement difficulties caused by excessive viscosity by the treatment employed.

The fact that this experiment was replicated twice,

both times yielding the same results, indicates that the results are
probably not due to experimental error.

The procedure employed was

designed to release pantothenic acid from acyl carrier protein from
prokaryotic cells.
work in humans.

We have no idea of whether this hydrolysis would

Even though acyl carrier protein has not been charac-

terized in human biological tissues, we cannot conclude on the basis
of this experiment that there is no acyl carrier protein in human blood.
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6.

What is the contribution of autolysi s t o the liberation of

pantothenic acid from whole blood?
Autolysis over time.

In Experiment 6A , autolysis in whole blood

and sera at different temperatures was assessed.
At 23°C, shown in Figure 4, the average liberation of pantothenic
acid in three blood samples

~ncreased

from 87 to 281 ng/ml whole blood

in 96 hours, while the "total" pantothenic acid (measured by hydrolysis
with alkaline phosphatase plus hog kidney peptid ase) increased from
294 to 488 ng/ml.

In a separate fresh blood sample, after 136 hours

(Figure 5), the free pantothenic acid increased from 70 to 270 nq/ml,
and the "total" from 210 to 450 ng/ml.
Hatano (1962) found that free

p~ntothenic

273 ng/ml in blood autolyzed at 23°C.
pantothenic acid also increased .

ac id increased up to

He did not state whether "total"

Since the current findings indicated

a similar increase in free and "total" pantothenic acid, while the
bound (total minus free) pantothenic acid remained fairly constant,
the pantothenic acid released by autolysis seems to be in the form of
free pantothenic acid.

Also, since both free and total pantothenic

acid showed an increase, the pantothenic acid released by autolysis
is apparently from a different source than pantothenic acid complexed
. in coenzyme A, pantetheine, pantethine, phosphopantothenic acid, etc.,
which can be released by alkaline phosphatase and hog kidney peptidase.
At 37°C (Figure 6), the free pantothenic acid in fresh blood increased from 70 to 550 ng/ml, the total from 210 to 710 ng/ml whole
blood.

Comparing the increase in free and total pantothenic acid at

23°C verses 37°C (in Figure 7), after a 136 hour time span the values
at 37°C were higher than those at 23°C by 280 ng (free) and 260 ng
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(total).

This suggests a temperature dependance in the autolytic pro-

cess; possibly an enzymatic phenomeno n.
Pantothenic acid liberated by autolysis in frozen blood at 37°C
is shown in Figure 8.

After 120 hours, the free pantothenic acid in-

creased from 85 to 534 ng/ml ; the "tota 1" from 356 to 961 ng.

When

comparing the values to that of fresh blood, the increase in free
pantothenic acid was approximately the same.

However, the "total"

pantothenic acid in the frozen blood increased over 300 ng/ml above the
fresh.

This probably was due to the fact that the frozen blood sample

was not the same as the fresh; the bound (total minus free) pantothenic
acid may simply have varied in the samples.
Incubation of sera for 136 hours di d not produce a change in either
total or free pantothenic acid ( Figure 10) .

The pantothenic acid

liberated in the autolytic process, therefore, must come from the
cellular fraction of whole blood.
Liberation of free or total pantothenic acid in boiled blood
(Figure ll) did not increase at 23 °C or 37 °C after 96 hours incubation.
Subsequent acid hydrolysis at 96 hours al so did not increase pantothenic
acid liberation.

These results indicate either that autolysis is an

enzymatic process and boiling can destroy the autolytic enzyme, or that
boiling releases the same "bound" pantothenic acid that is being released by autolysis.
Total, bound, and free pantothenic acid in fresh verses frozen
blood samples.

In Experiment 68, the "total" (pantothenic acid measured

when blood was hydrolyzed with alkaline phosphatase plus hog kidney
peptidase), free (pantothenic acid measured when no hydrolytic procedure was used), bound (total minus free pantothenic acid) and the
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bound/free ratio of pantothenic acid was determined in fresh blood
samples (Table 14) and in those frozen up to 15 months (Table 13).
There was no significant difference between the two groups in
the total pantothenic acid.

However, fresh blood had an average of 138%

greater bound pantothenic acid, and an average of 118% less free pantothenic acid (Table 15).

Since the total pantothenic acid does not

change, the results indicate that in frozen blood there is hydrolysis
of "bound 11 fonns of pantothenic acid which i nvo 1ve

the same comp 1exed

fonns which are hydrolyzed by a phosphatase or a pantetheinase (i.e.,
phosphopantothenic acid, phosphopantetheine, pantetheine, coenzyme A,
etc.).

The hydrolysis in frozen blood may be enzymatic in nature

(since the blood had been repeatedly free ze-thawed) or from nonenzymatic hydrolysis initiated through the long-term freezing process.
7.

What is the contribuion of enzymat i c proteolysis to panto-

thenic acid liberation from whole blood ?
Comparative protease digestions.

Results from previous experi-

ments had indicated that acid or base hyd r oly si s or boiling may increase
pantothenic acid liberation from whole blood or sera.

It is important

to note that in several other vitamin assays, vitamins which are known
to be bound to proteins are often released from biological materials
by combinations of heat and/or acid hydrolysis.

These procedures are

used for assays of biotin, nicotinic acid, thiamin, riboflavin, vitamin

s6 • and cobalamin (Voit and Eitenmiller,

1978) .

For some of

the protein complexed vitamins. an enzymatic oroteolytic digestion is
also used to liberate the vitamin from its complex with a protein (i.e.,
biotin, riboflavin, and cobalamin) (Vo i t and Eitenmiller, 1978; Trout,
1976; Kearney and Singer, 1955).
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Since acid hydrolysis and boiling increased pantothenic acid release
from whole blood and sera, both of which cause protein denaturation,
Experiment 7 was designed to explore the possibility that enzymatic
proteolysis may also increase pantothenic acid liberation.

Several

different proteases were used (papain, chymotrypsin, pepsin, and trypsin).

The results are shown in Table 16.
For all of the different proteases used, liberation by the pro-

tease alone was significantly higher than liberation with no enzymatic
protein digestion.

However, comparing the liberation of pantothenic

acid by enzymatic digestion with alkaline phosphatase plus hog kidney
peptidase to that liberated by a protease digestion followed by hydrolysis with the two enzymes, only chymotrypsin and trypsin yielded
significantly higher values .
The blank values for pepsin and papain were high in pantothenic
acid, a major disadvantage in their use for assay of pantothenic
acid in blood.

Jannes (1950) may have experienced this problem when

trying to use papain for liberation of pantothenic acid from whole
blood.

He discontinued the use of this enzyme because of the "drift"

(variation of values) associated with its use.

Ives and Strong (1946)

also used papain, and found the blank value very high (10.7 to
16.5 mcg/gm); so discontinued use of this enzyme .

However, Hamm and

Lund (1978) did use both papain and Mylase-P for extraction of pantothenic acid from meat samples.
It is the author 1 s opinion that the earlier researchers did not
find a protease digestion advantageous in blood or other biological
tissues because of problems with the high and variable blank values,
which outweighed the benefits of using a protease digestion to liberate
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pantothenic acid.

This is evident in Table 16, in which the increase

in pantothenic acid liberation by a protease digestion was minimal
for pepsin and papain (which have comparative ly high blank values),
yet was quite substantial for trypsin and chymotrypsin (which have very
low blank values).
Because the blank value (for pantothenic acid) of trypsin was low,
and compared t o the other proteases used liberated the greatest amount
of pantothenic acid, trypsin was chosen for use in further protease
digestions of whole blood.
Addition of alkaline phosphatase and hog kidney peptidase before
and after trypsin digestions.

The trypsin digestion in the previous

experiment were conducted by digesting first with the trypsin followed
by the addition of alkaline phosphatase plus hog kidney peptidase.
However, referring to Table 16, when adding the pantothenic acid
values yielded by trypsin digestions alone plus those obtained when
blood was hydrolyzed with alkaline phosphatase and hog kidney peptidase
only, the pantothenic acid values obtained approximately equal the
total values yielded for trypsin digestions followed by hydrolysis with
alkaline phosphatase plus hog kidney peptidase.

This suggests that

the pantothenic acid released by alkaline phosphatase plus hog kidney peptidase and that released by trypsin are compartmentally separate;
that is, the form(s) of pantothenic acid relea sed by trypsin do not
require subsequent hydrolysis with alkaline phosphatase plus hog kidney
peptidase for measurement in the radioimmunoassay.
Whether it made a difference to add alkaline phosphatase plus
hog kidney peptidase before trypsin digestion verses after trypsin
digestion was examined in Experiment 8.

As is shown in Table 18, there
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was no increase in pantothenic acid liberation when alkaline phosphatase plus hog kidney peptidase were added to samples which had first
been hydrolyzed with the alkaline phosphatase and hog kidney peptidase
followed by a trypsin digestion.
The results substantiate that what is being liberated from whole
blood by trypsin digestions is released as free pantothenic acid, or
at least in a form which needs no exogenously added enzymes for measurement.
Optimum amount of trypsin to add in whole blood protease digestions.
The optimum amount of trypsin to add per 0. 5 ml whole blood for maximum liberation of pantothenic acid was determined in Experiments
9A through 90.

Peak liberation of pantothenic acid occurred at 20,000

units of trypsin activity (Figure 12) .
The optimum amount of trypsin to add pe r 0. 5 ml blood seemed
excessive at first, and it was assumed that self-digestion of trypsin
may have necessitated the large amounts of trypsin.

For this reason,

acetylated trypsin (which minimizes autod i gestion of trypsin) was used.
This did not, however, decrease the activity needed to liberate maximum
amounts of pantothenic acid.

In fact, 32,000 units was necessary for

optimum pantothenic acid liberation (Figure 12).
Agitation was used in the incubation procedure in an attempt to
minimize the amount of trypsin necessary under the assumption that constant agitation would aid in the diffusion of trypsin (and facilitate
a better enzyme:substrate reaction) when compared to a static solution.
Even when agitation was used, however, the amount of trypsin necessary
to liberate maximum amounts of pantothenic acid did not decrease, although the total pantothenic acid recovered after a 24 hour digestion
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did increase by approximately 400 ng/ml (Figure 12).

The results in-

dicate that although agitation does not decreas e the amount of trypsin
necessary for whole blood digestions, the increased yield of pantothenic
acid shows that agitation is apparently aiding the trypsin digestion
process, presumably by increasing the ability of trypsin to diffuse
to its substrate.
The optimum liberation of pantothenic acid at 23°C or 37°C, when
agitation was used in the incubation process, occurred at 20,000 units.
However, at 37°C, the total yield of pantothenic acid was approximately
300 ng/ml greater, indicating that 37°C is a more optimal temperature
for incubation (Figure 13).

The optimum liberation of pantothenic acid

by trypsin digestion after hydrolysis . with alkaline phosphatase plus
hog kidney peptidase (also incubated under agitation) occurred at
16,000 units.
The large amounts of trypsin necessary for liberation of pantothenic
acid in whole blood may possibly be explained by the fact that there
is a trypsin inhibitor in plasma.

Per 1 ml plasma, there is 2 to 4

mg of the inhibitor, with 1 mg inhibiting approximately 1 mg of trypsin
(Bose et al., 1972).

Of the 1 mg of trypsin added to 0.5 ml whole

blood, 0.4 to 0.8 mg is inhibited per the 0.5 ml blood.
The inhibitor is heat labile (80°C for 10 minutes), sensitive to
pH 3.6 or lower, and is precipitated and inactivated by 2.5% TCA
(Peanasky and Laskowski, 1953).

However, because of problems inherent

in applying these procedures to whole blood (i.e., excessive viscosity
and protein precipitation unless the blood is made very dilute) trying
to overcome the inhibition fn this fashion seemed futile.

Because the

pantothenic acid blank value of the trypsin (20,000 units ~ 1.0 mg)
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was low, and the cost certainly not preclusive ($14.00/gm); 20,000 units
of trypsin continued to be the amount used per 0.5 ml whole blood which
was incubated under constant agitation at 37°C.
Optimum incubation time for liberation of pan tothenic acid in
whole blood trypsin digestions.

In blood samples incubated at 37°C,

pantothenic acid liberation peaked at 48 hours as is shown in Figure 14
(from Experiment lOA).

Since 48 hours seemed excessively long for the

trypsin digestion, in Experiment lOB agitation was used in the digestion
procedure to assess whether the incubation time could be shortened.
The pantothenic acid values still peaked at 48 hou rs, although an increase of approximately 900 ng of pantothenic acid/ml whole blood was
seen (see Figure 14).

The results are in agreement with those from

Experiment 9C, where agitation was used in the digestion procedure and
an increase of 400 ng was seen after a 24 hour diges t .

As was noted

earlier, trypsin seemed to work much more effectively when constant
agitation was used, possibly because agitation makes it easier for
trypsin to overcome the diffusion gradient which is inherent in viscous
solutions such as whole blood.
Agitation did not decrease the optimum time necessary for trypsin
digestion (and pantothenic acid liberation) in whole blood; a 48 hour
digestion was necessary for maximal pantothenic acid liberation.

One

concern, then, was that 1:30,000 dilution thimerosal may not be effective
in preventing bacterial growth during this long incubation period,
especially since in trypsin digested samples an excellent medium is
provided for bacterial growth.
In Experiment lOC, a blood sample which had been digested for 48
hours was tested for bacterial contamination.

Since gram positive rods
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were found in the sample, Experiment 100 was des igned to determine how
much thimerosal could be added to trypsin diges t ed blood samples to
prevent the bacterial growth without affecting t he trypsin digestion
process.

The results of adding a total dilutio n of thimerosal :blood

(using 1:100 dilution thimerosal) of 1:5,000 and 1: 2,500 are shown in
Figure 15 .
digested

Both concentrations inhibited bacterial growth in trypsin
and non-digested blood samples , wi thout apparent i nhibition

of the trypsin digestion process.
In summary, optimum liberation of pantothenic acid occurs at 48
hours in trypsin di gested blood samples using a mechanical shakerbath
at 37°C.

To prevent microbiological growth, it is recommended that

a total dilution of thimerosal:blood of 1: 5, 000 be added to trypsin
digested samples .
Pantothenic acid content of the prote in fr action of whole blood.
In Experiment 11, as is shown in Table 19, the pantothenic ·acid content
of the protein fraction of 1 ml whole blood was assessed when digested
~lith

trypsin 24 hours followed by hydrolysis with alkaline phosphatase

plus hog kidney peptidase (831 ng/ml), di gested with trypsin only for
24 hours (406 ng/ml), hydrolyzed with alkaline phosphatase plus hog
kidney peptidase (209 ng/ml), when pH adjusted t o 4. 5 (250 ng/ml),
and when no hydrolytic procedure was employed (177 ng/ml) .
The pantothenic acid values for the protein fraction of 1 ml whole
blood compared to those of the total 1 ml blood (after a 24 hour
digestion) were 831 ng verses 977 ng respectively when a trypsin digestion was followed by hydrolysis with alkaline phosphatase plus hog kidney peptidase, 406 ng verses 618 ng when digested with trypsin only,
290 ng verses 407 ng when hydrolyzed with al kaline phosphatase plus
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hog kidney peptidase, 250 ng verses 127 ng whe n pH adjusted to 4.5,
and 177 ng verses 70 ng when no hydrolytic procedure was used.
The values would suggest that the majority of pantothenic acid,
no matter what treatment is employed, is from the protein fraction of
whole blood.

However, it is possible that the protein fraction was

not sufficiently pure to make this judgement.

It is especially con-

fusing to see the contribution of the protein fraction of 1 ml whole
blood when no hydrolysis was used or when pH adjustment to 4.5 was
made as higher than the total values for 1 ml whole blood.

There was

some protein which could not be eluded from the column (possibly albumin or another higher molecular weight protein) so that the protein
fraction collected may not have been representative of that in 1 ml
whole blood.
Ac~H~~roJysis_Erior

to digestion wit h trypsin.

In Experiment

12, the effect of acid pH hydrolysis prior to adding trypsin was
determined (see Table 20).

There was no increase in pantothenic acid

liberation seen when pH adjustment to 4.5 was i ncluded before trypsin
digestion alone or before trypsin digestion fol l owed by hydrolysis
with alkaline phosphatase plus hog kidney peptidase (verses when the
acid pH adjustment was not included).

However, since there was sub-

stantial variability in any of the blood samples which had been pH
adjusted, there was no significant benefit (p

=

.05) shown in pH

adjustment to 4.5 even when no hydrolysis was used, or when pH
adjustment was followed by hydrolysis with alkaline phosphatase
plus hog kidney peptidase.
Trypsin digestion before and after autolysis in whole blood.
Autolysis in blood was shown (in Experiment 6A, Part B) to give an
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increase over time in pantothenic acid values.

The source of panto-

thenic acid from autolysis, as was pointed out earlier, was not from a
source conventionally thought of as ·"bound" pantothenic acid (i.e.,
from coenzyme A, pantetheine, phosphopantothenic acid, phosphopantetheine, etc.).

In Experiment 13, the question of what effect the addi-

tion of trypsin before and after 120 hours autolysis had was examined.
Although free pantothenic acid increased from 90 to 490 ng, and that
released by hog kidney peptidase plus alkaline phosphatase increased
from 470 to 1,000 ng; that released by trypsin digestion only increased
by 100 nanograms (see Figure 16).

The results suggest that the panto-

thenic acid released by autolysis is from the same "bound" source as
that which is released by trypsin.
Trypsin digestion of red blood cells and plasma.

In Experiment 14,

the pantothenic acid content of RBC and plasma, as assessed through
trypsin digestion, trypsin digestion followed by hydrolysis with alkaline phosphatase plus hog kidney peptidase, hydrolysis with alkaline
phosphatase plus hog kidney peptidase only, and when no hydrolysis
was used is shown in Tables 21 (RBC) and 22 (plasma).

As indicated in

Table 23, the majority of pantothenic acid in whole blood is derived
from the red blood cell fraction of whole blood, except when no hydrolytic procedure was used.

When a trypsin digestion was followed

by hydrolysis with alkaline phosphatase plus hog kidney peptidase, the
amount of pantothenic acid in plasma was 32% of that in RBC; when
digested with trypsin only, plasma content _of pantothenic acid was
47% of that in RBC; hydrolyzed with alkaline phosphatase plus hog
kidney peptidase only, plasma contained 29% of the RBC value,

and

when no hydrolysis was used, plasma equalled 217% of the RBC value.
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The results indicate that there is little of what was traditionally considered 11 bound 11 (released by hydrolysis with alkaline phosphatase plus hog kidney peptidase) pantothenic acid in plasma; however,
as assessed by trypsin digestion, there is possibly a protein bound
pantothenic acid in plasma, although much less than in red blood cells.
The majority of pantothenic acid, then, released by trypsin digestion
seems to be associated with the cellular matte r of whole blood, though
the type of complex involved is unknown.
Trypsin digestion of BSA and HSA.

There was a concern that pep-

tides released through trypsin digestion may interfere with the nitrocellulose radioimmunoassay, giving false high values.

In Experiment

l5A, purified bovine serum albumin and human serum albumin, which
should have minimal pantothenic acid, were digested with trypsin and
the pantothenic acid values assessed.
Although an increase in pantothenic acid values was seen, this
amounted to only 35 ng/100 mg protein over and above non-trypsin
digested samples (see Table 24).

This difference could not account

for the largely increased pantothenic acid value s obtained by a
trypsin digestion of whole blood .
Another trypsin digestion of bovine serum albumin was carried
out in Experiment 158, this time with a standard addition of 500 ng
pantothenic acid.

The addition was used to determine if pantothenic

acid could be quantitatively recovered when added to trypsin digested
samples.
As shown in Table 25, the recovery was excelJent (492 out of
500 ng) indicating that even with peptides present, there is an
accurate measurement of pantothenic acid in the nitrocellulose radio-
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inmunoassay.
Correlation of the radioimmunoassay and microbiological assay.

To

verify that the radioimmunoassay was not giving false high values for
pantothenic acid in trypsin digested whole blood, in Experiment 16
the microbiological and radioimmunoassays were both used to determine
the pantothenic acid in whole blood by a trypsin digestion followed
by hydrolysis with alkaline phosphatase plus hog kidney peptidase; with
a trypsin digestion only; with hydrolysis by alkaline phosphatase
plus hog kidney peptidase only; and when no hydrolysis was used.
The results of twoassays, three replications per assay are shown
in Table 26.

The trend in both assays was the same for all four separate treatments, and the r 2 between assays was 0.901. When comparing
the microbiological assay to

the radioimmunoassay, there was no

significant difference shown at the 0.05 level betv1een the two assays
when considering the values obtained with a trypsin digestion only,
hydrolysis with alkaline phosphatase plus hog kidn ey peptidase only,
or when no hydrolysis was used .

However, a significant difference

was shown between pantothenic acid values obtained by digestion with
trypsin followed by hydrolysis with alkaline phosphatase plus hog kidney peptidase; the mean values were 15% higher from the radioimmunoassay
when compared to the

microbiologica~.

Even the pantothenic acid

values for trypsin digestion of whole blood, though not statistically
significant, were higher (by 6%) when using the radioimmunoassay.
The values for pantothenic acid liberation by hydrolysis with
alkaline phosphatase plus hog kidney peptidase, and when no hydrolysis
was used were actually higher (3 to 6%), however, when the microbic-
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logical assay was used.
The results substantiate that it is pantothenic acid which is
released by trypsin digestions, although the microbiological assay
may read slightly lower than the radioimmunoassay.

The trend for

lower pantothenic acid values in blood when using the microbiological
assay verses radioimmunoassay was seen earlier in this laboratory.
Wyse and Hansen (unpublished observation, 1979) measured the pantothenic acid in blood samples from 15 elderly persons and found that the
values obtained by the microbiological method were consistently only
52 to 86% of those obtained using the radioimmunoassay.

However,

the mean recovery of exogenously added pantothenic acid when analyzed
by the radioimmunoassay and microbiological assay were 102% (95 to
109%) and 103% (97 to 107%), respectively.
The radioimmunoassay, then, may be responding to another form
of pantothenic acid in blood.

Since the higher values were seen both

in trypsin digested samples (in this experi ment), and earlier in
samples hydrolyzed with alkaline phosphatase plus a pantetheinase, the
trend for higher pantothenic acid values when using the radioimmunoassay is not peculiar only to trypsin digested blood samples.
Summary, protease digestions.

The results from Experiments 7

through 16 all indicated that a protease digestion of whole blood
increases pantothenic acid liberation substantially over and above
the values obtained when no hydrolysis or when hydrolysis with alkaline phosphatase plus hog kidney peptidase were used.

What is not

known, however, is the source of the pantothenic acid which is being
liberated by the protease digestions.
vitamin

assay~

When proteases are used in other

they are used to liberate the vitamins

linked either
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covalently or noncovalently to proteins, suggesting the possibility of
a "protein bound" pantothenic acid.
Although its existence in mammalians has not been established,
acyl carrier protein is the only known metablic form of pantothenic
acid which is complexed to a protein (Sabaitis and Powell, 1976).
The pantothenic acid is complexed as a 4'-phosphopantetheine moiety
to serine.

If it were pantothenic acid from acyl carrier protein,

though, which was being liberated by the trypsin digestions, a phosphoesterase would be necessary after the trypsin hydrolysis.

However,

as was shown in Experiment 8, it seemed to make no difference whether
the alkaline phosphatase was added before verses after trypsin
digestion of whole blood for liberation of pantothenic acid.

Also,

the amount of pantothenic acid liberated by trypsin alone plus that
liberated by hydrolysis with alkaline phosphatase plus hog kidney
peptidase approximately equalled the pantothenic acid liberated by
a trypsin digestion followed by hydrolysis with alkaline phosphatase
plus hog kidney peptidase.

The results indicate that it is free panto-

thenic acid which is being released by the trypsin digestion, or at
least a form which needs no exogenously added enzymes.
It is important to note that the pantothenic acid values obtained by hydrolysis with alkaline phosphatase plus hog kidney peptidase
followed by a 24 hour trypsin digestion approximated values reported by
Ishiguro et al. (1961), Barton-Wright and Elliot (1963), Koyanagi et al.
(1966), Cohenour et al. (1972), and Ellestad-Sayed et al. (1976) who
used only the alkaline phosphatase plus hog kidney peptidase.
Values obtained for pantothenic acid in 1 ml whole blood by this
author, however, when using only the hog kidney peptidase plus alkaline
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phosphatase then analyzing with the radioimmunoassay, were approximately
400 to 500 ng/ml, which agree with values obtained by Baker et al.
(1960), Hatano (1962), and Slepyan et al. (1957).

It was stated earlier

that discrepancies in the values obtained by the different researchers
could not be explained solely on the basis of differences in enzyme
treatments used.

It is possible, however, that the methods of depro-

teinization may explain some of the variation and may also relate to
the increased values obtained when using a protease digestion.
Two of the researchers who obtained relatively higher values for
pantothenic acid in whole blood, Ishiguro et al. (1961) and Markannen
(1973), used boiling in their deproteinization techniques.

The method

of deproteinization can increase or decrease the amount of pantothenic
aciq measured by the microbiological verses the radioimmunoassay, as was
shown in our laboratory.

When 15 blood samples from elderly subjects

were autoclaved and the pantothenic acid values determined by the microbiological and radioimmunoassays, the correlation between the two
assays was r
429

+ 128

=

0.91, the microbiological yielding an average of

ng/ml, and the radioimmunoassay, 606

+ 105

ng/ml.

However,

when whole blood samples were deproteinized by heat treatment at 70°C,
the radioimmunoassay yielded values of 627
microbiological yielded values of 1,170

+ 113

+ 290

ng/ml, while the

ng/ml.

It may be hypo-

thesized that boiling as opposed to autoclaving does not destroy a
factor which affects microbiological growth, yielding false high
values in the microbiological assay.

Another possibility, though, is

that boiling or heat treatment at 70°C yields some incomplete protein
precipitation.

Although this is purely speculatory, the protein

fragments which are not precipitated may contain "protein bound

11
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pantothenic acid, which upon the 16 hour incubat ion in the microbialogical assay becomes available for measurement.

Because there is no

such incubation period in the radioimmunoassay, the pantothenic acid
would not be similarly measured.
In any event, comparing both the microbiological and radioimmunoassays, the correlation was excellent when using a ZnSO

and NaOH pre4
cipitation of the proteins, and any of the following four treatments:
Trypsin digestion followed by hydrolysis with alkaline phosphatase
plus hog kidney peptidase, digestion with trypsin alone, hydrolysis
with alkaline phosphatase plus hog kidney peptidase, and when no
hydrolysis was used.
It must be recognized, however, that there are certain factors
which are confusing in the trypsin digestions of whole blood for liberation of pantothenic acid.

One of these is that the curves in 90

suggest the lag and log phases of microbial growth.
Even though when 1:5,000 thimerosal was used there was no growth
evident after streaking agar plates, the possibility still exists that
microbial contamination may contribute to the increased pantothenic
acid values seen in trypsin digested blood samples.

The existence or

extent of the contribution, at this time, is not known.

It is very

difficult to conjecture the source of the contamination, especially
when sterile technique was being used; however, it cannot be discounted.
Thimerosal in excess of a 1:5,000 dilution creates problems in
that it interferes with antibody binding in the radioimmunoassay.
Toluene was used in some of the trypsin digestions, but this antimicrobial agent leads to incomplete protein precipitation of the blood samples
when using

znso 4 and NaOH.

More experimentation, then, needs to be
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done to explore the possibility of using other bacterial inhibitors
in whole blood protease digestions.
Even if bacterial contamination is a partial factor, the fact that
pepsin, trypsin, chymotrypsin, and papain (after 24 hour digestions at
pH ranges of 3 to 8) as well as boiling, acid hydrolysis, and autolysis
all increased pantothenic acid liberation from whole blood strongly
suggests that there is a different form of pantothenic acid being liberated .

This pantothenic acid is not from the same source as that

liberated by alkaline phosphatase plus hog kidney peptidase, which were
traditionally considered as "bound" pantothenic acid.

Establishment

of the source and form of pantothenic acid liberated through the protease digestions is definitely needed.
Conclusions
1.

An exogenous pantetheinase is not necessary in whole blood for

liberation of pantothenic acid .

There is sufficient pantetheinase

activity in sera.
2.

There is substantial hydrolysis of the peptide bond between

the pantothenic acid and cysteamine moieties of coenzyme A in blood;
little autolysis of the phosphate bond occurs .
3.

Clarase and alkaline phosphatase liberate equivalent amounts

of pantothenic acid in fresh whole blood.

Alkaline phosphatase, how-

ever, liberates a greater amount in frozen.
4.

A 4 to 5 hour incubation period is the maximum time span

necessary for liberation of pantothenic acid from whole blood when using
alkaline phosphatase alone or with a pantetheinase.
5.

Acid pH hydrolysis, boiling, or base hydrolysis of sera all

increase pantothenic acid liberation approximately two-fold.

The
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pantothenic acid which is released is from a di f ferent source than
that liberated by alkaline phosphatase plus a pantetheinase.
6.

Autolysis over time in fresh or frozen blood liberates panto-

thenic acid in a relatively linear fashion.
in frozen blood at 37°C.

Maximum autolysis occurs

The autolysis is liberating free pantothenic

acid from a source different than that liberated by alkaline phosphatase plus hog kidney peptidase.
Autolysis does not occur in sera or boiled blood.
7.

In blood frozen for greater than 1 year, there is an increase

in free pantothenic acid and a decrease in bound (the amount liberated
by alkaline phosphatase plus hog kidney peptidase).

Since total

pantothenic acid remains constant, the increase in free pantothenic acid
is coming from the same source as that liberated by alkaline phosphatase
plus a pantetheinase.
8.

There i s a substantial increase in pantothenic acid liberation

from whole blood when a trypsin

digestion is us ed.

The pantothenic

acid is being liberated fr om a different source than that liberated
by alkaline phosphatase plus hog kidney peptidase.

The pantothenic

acid liberated from the trypsin digestions may be from the same source
as that liberated by autolysis, and from that li berated by acid
hydrolysis.

The majority of the pantothenic acid is from the red blood

cell rather than plasma fraction of whole blood.
Maximum liberation of pantothenic acid in whole blood occurs after
a 48 hour digestion in a mechanical shakerbath at 37°C when 20,000
units of trypsin per 0.5 ml whole blood is used.
The radioimmunoassay and microbiological assay correlate well when
trypsin digestions of whole blood are used to liberate pantothenic acid,
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although the radioimmunoassay may read slightly higher.
Recommendations
1.

Until the source and presence of bacteria can be better sub-

stantiated, autoclave test tubes, vials for blood, and buffers used in
the assay.

Change the previously used blood assay (described in the

methodology) to the following:

Per 0. 5 ml of whole blood, add 2. 2

units of alkaline phosphatase, 0.02 ml 1.0 M tris buffer (pH 11),
and 0.01 ml of a 1:100 dilution thimerosal .

Incubate 4 to 5 hours

at 37°C in a shakerbath.
After incubation with the alkaline phosphatase, add 20,000 units
of acetylated or non-acetylated trypsin in 0.5 ml 0.02 M tris buffer
(pH 8.2).

Incubate 48 hours in a shakerbath at 37°C.

Precipitate

proteins (as described previously) with 2 volumes of 5% Znso 4 and
0.5 N NaOH per 1 volume blood.
When using the radioimmunoassay, prepare th e 3HPa; antisera in
0.05 M tris buffer (pH 7.2) instead of PBS.
2.

Continue to chec k for bacterial contamination, and possible

contribution of the contamination to the increased values of pantothenic acid seen in trypsin digested samples.
3.

Determine the possibility of using other bacterial inhibitors

in whole blood.
4.

Because of problems with the trypsin i nhibitor in plasma,

explore the possibility of using other proteases in lieu of trypsin.
Purification of papain may be a feasible alternative, since the high
blank value seemed to be the major limiting factor in its use.
5.

Use more refined techniques to chromatographically separate
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whole blood constituents to better es tablish where the majority of the
pantothenic acid is being liberated from.
6.

Expand trypsin (or other protease) digestions by using on

more blood samples to assess whether the relative amounts of free,
amounts liberated by hog kidney peptidase and alkaline phosphatase,
and amounts released by protease digestions change in relatio n to
various disease states, age, drug usage, etc.
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Appendix A.

PBS:

Preparation of Phosphate Buffer Saline; 0-Calcium
Pantothenate Standards

Phosphate Buffered Saline (0.14 M NaCl; 0.01 M Pi, pH 7.0)
Preparation.

In a 200 ml beaker was dissolved 16.34 gm NaCl

in 100 ml H20; 0.2gm thimerosal was added to prevent microbial growth.
After dissolution, 11.428 ml 0.5 M NaH 2Po 4 and 29.714 ml 0.5 M Na 2HP04
were added.
The reagents were dissolved completely and transferred to a 2,000
ml volumetric flask.

The beaker was rinsed several times during the

transfer.
The f i nal pH of the solution was checked before using and adjusted
as necessary to reach pH 7.0.

The PBS was stored at 4°C.

D-Ca lc ium Pantothenate Standards
Preparation of stock solution.

14.49 ml of d-calcium pantothenate

(United States Biochemical Corp. Cleveland, Ohio 44128) was dissolved
in 1,000 ml PBS.

This standard solution contained 1000 ng of pantothenic

acid per 0.075 ml solution.
From the stock solution, in double distilled water, appropriate
dilutions were made to yield the 5, 10, 15, 25, 35, 60, and 100 nanogram
pantothenic acid standards used in the radioimmunoassay, and the 10,
20, 25, 30, 40, 60, 80, and 120 nanogram standards used in the microbiological assay.
were stored at 4°C.

The pantothenic acid standards and stock solution
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Appendix B.

Calculation of Sample DPM

The DPM of the 3HPa samples was calculated by first using quenced
H-3 standards (Amersham/Searle Corp. 2636 S. Clear brook Dr., Arlington
Heights, IL 60005) each having a DPM of 521,000 on April 1,

1~76.

The efficiency of the quenched standards was calculated using the
formula:

Efficiency=

CPf~/DPM.

The

CPM was th e value given for the

standards when read by a scintillation counter , and the DPM was that
inscribed on each vial then corrected for decay (assuming a half-life
of 12.26 years).
A graph of efficiency verses ESR (Externa l Standards Channels
Ratio) was drawn using six of the H-3 standa rds wi th ESR values between
.25 to .8.

The following regression equation was calculated from the

graph, the X values representing ESR values:
-14.73545X 2 + 87.36596X- 9.57796 =Effic i ency
The DPM was calculated for each 3HPa samples using the formula
DPM = CPM/Efficiency.
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Appendix C.

Standard Curve for Radioimmunoassay

Concentrations of non-radioactive pantothenic acid were plotted
on a log scale on theY axis and percent bound (B/Bo x 100) plotted on
a probability scale on the X-axis .
B = antibody bound 3H-pantothenic acid at each concentration
(5, 10, 15, 25, 35, 60, and 100 nanograms) non-radioactive pantothenic
acid and Bo = antibody bound 3H-pantothenic acid when phosphate
buffered saline or .05 M tris (pH 7.4) was added.
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Appendix D.

Standard Curve for the Microbiological Assay

The absorbance of the blanks at 620 nm in each assay was adjusted
to zero before reading the standards.

The absorbance of the standards

was plotted on the Y axis, and the nanograms of pantothenic acid
(10, 20, 25, 30, 40, 60, 80, 120) were plotted on the X.
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Appendix E.

Effect of Acetic Acid on Antibody Binding in the
Radioimmunoassay

Procedure :

A blank was prepared with 20 microliters 24.4 N HOAc

(the amount which was necessary to pH adjust 1.0 ml a 1:4 dilution sera:
water to 4.5); 1 ml distilled water, 0. 6 ml 0.6 N BaOH
10% Znso 4 .

and 0.4 ml
2
This solution was centrifuged at 2,000 rpm for 3 minutes,

after which 0.5 ml was used in the radioimmunoassay.

The percent bound

(B/Bo) of the blank was 71 %, which (when an appropriate dilution factor
was applied) gave a value of 523 ng pantothen i c acid.
Another blank was prepared as above, with the exception that
10 microliters 1.2 N HCL (also the amount necessary to pH adjust 1.0 ml
of a 1:4 dilution sera:water to 4.5) instead of the HOAc.

Percent bound

of this blank was 99%; corresponding to a blank value of 44 ng pantothenic
acid (again, after appropriate dilution factors were applied).
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Appendix F. Liberation of Pantothenic Acid fro m Whole Blood using
Trypsin Digestions, Hydrolysis with Alkaline Phosphatase ang ~og
Kidney Peptidase, and Combinations of Hydrolytic Procedures '

Nanograms Pantothenic Acid perb
ml Whole Blood
Trypsin Added
Hog Kidney Peptidase
and Alkaline Phosphatase
Added

1107

No Hog Kidney Peptidase
or Alkaline Phosphatase
Added

497

No Trypsin Added

+ 304

(~1)

+ 118

(~z)

aincubation times for the trypsin digestions varied from 16 to 24 hours;
different blood samples were also used
·
bNumbers after the plus and minus signs denote standard deviations of
n = 5 replications
cF test statistic for ~ 1 = ~2= ~ = ~ equalled 22.85 with degrees of
fre~dom 3 and.16: .significant at p = .05. Fischer's LSD= 259.
Ind1cated a s1gn1f1cant difference between all treatments except
~2 . ~3
at the .05 level.

