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ABSTRACT

PHOTOELECTRIC ERMISSION SPECTROMETRIC ANALYSIS OF
THE METAL ELEMENT CONTENT OF STARCH BLOCK
ELECTROPHORETICALLY SEPARATED

HIMAN SERUM PROTEING

By Keng Cheng Nah

This inmvastigation was carried out to extend a series of studies on
the metal element content of electrophoretically separated normal human
blood serum proteins. The objectives were to adapt new and improved
methods of establishing the results on & more quantitative basis and to
£ind out about the natwe and distribution of the metal elements associated
with proteins in a biological f£luid systea,

The separation of the serum proteins was accomplished by employing
starch block electrophoresis and subsequent elution with physiological
saline. Each eluate was treated with FCL reagent and measured spectro-
photometrically to obtain data for a protein distribution curve which
indicated the number and quantity of fractions separated.

All eluates found to be part of the sams protein fraction were
combined, concentrated, evaporated to dryness, and ashed. Each ash
sample from a protein fraction was analyzed in the photoslectric spectro-
meter and thus the matal elements associgted with the albumin, alpha-,
beta-, and gamma-globulin fractions were determined. The final data
provided an estimate of the distribution of the following metal elements
among the four protein fractions separated: Ca, Mg, Mn, Fe, Cu, Zn, Mo,
and Al. The results indicated the presence of all elements, but not to

the same extent, in the serum fractions.
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I. INTRODUCTION

A great many proteins have becoms well-known in ability to form
complexes with metal ions. Among them are the human blood serum
proteins. Being in trace amocunts in blood serum, the cations, especially
the transition metals, have many potential bonding erbitals, and can
interact with different electron donor groups on proteins through
chelation and coordinate covalent bonding. One kind of cation may
form several types of complexes with different kinds of proteins and
ohe protein may form different coamplexes with different cations. Some
types of bonding betweem differemt fumctional groups on preteins and
different cations have already been known, but by and large, the inter-
action is not yet properly understood. Nevertheless, mo matter what
kind of biological function each metal ion possesses, {ts binding to
proteins involves highly specific activities in biochemical processes
and is of great significance in both physiological and pathological
aspects.

In spite of their fulfillment of some criteria of purity, quite a
few human serum proteins, liks other serum proteins, have not been
truly separated, purified, or completely fdentified. It is more comn-
venient to consider them in terms of groups of proteins based on certain
commson properties which are consequently characterized by methods of
separation such as salt-fractionation, density gradient ultracentrifu-

gation, chromatography, and other techniques. Electrophoresis is also



one of the principal techniques frequently used on blood serum proteinm
separation and the names of the fractions obtained have been most
commonly designated as alpha, beta, gamma, and subfractions thereof.

It was the purpose of this study to observe both the distributiom
of protein-binding metal ioms and the quantity of each as they occur
in the fractions of normal human blood serua as separated by starch
block electrophoresis. Such results would serve as reference for a
study on the variation of these ions dus to diseases or other abnormal
physiological conditions. Inasmuch as the affinity of proteins for sodium
and potassiua ions i{s rather small because of their low valemcy, the

distribution of these ions has not been included in this work.
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II. HISTORICAL

Several preceding reports have sumarised various aspacts of the
historical development of the chemistry of mstal proteins and metallo-
protﬂ.nl in human blood .Qrﬁ. mu lnciudc those submitted by LeDuc
(29), Poy (13), and Long (33).

In lddition.» the procesdings of a conferemce on "Biological Aspects
of Metal-Binding" hcld' at Pennsylvania State University in 1960 has been
publlsh;d with Johnson (11) as editor. A chapter included im a text-
book writtem by Martim (36) this year presents a summary discussion of
the role of metal ions im biological systems by giving an introductien
to formation constants, metal ion specificity, proteim binding, and
ligand field theery.

Some of the more direct and pertinent past imvestigations relative
to major metal ions examined im this study are reviewed as follows.

A, Calcium 4

Since it was suggested in 1911 that calcium {s bound to serum
proteins (44), there have been many reports concerning this relation-
ship (14, 38, S1, 47, 37). Copeland (8) and Carr (5) observed that more
calcium was bound to albumin than to the globulim portion im serum.
According to LeDue (29), two-thirds of the calcium was distridbuted
equally between albumin and the gamma-globulins in human serum. Prasad
and Flink (40, 41, 42) determined that 43 to 55 percent of all calcium
in serum was protein bound, and also concluded that S0 to 55 marcent of
the non-ultrafiltrable calcium was bound to albumin. They further
claimed that the main portiom of globulin bound calcium was im the
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beta-globulin fraction and that only a slight amount was bound to the
alpha- and gamma-globulins. Prcﬂouzly. in 1956, Laurell, et al. (28)
demonstrated that human serum calcium was bound to the alpha- and beta-
globulins. Pathological evidences showed that the beta-2-A fraction of
the gamma-globulins might be ono of the proteins that bound calciwmm (17).
1t was reported by Lillevik, et al. (31) that calcium was associated
with proteins in all electrophoretic fractions of human serum. A
similar distribution patterm of protein serum calcium was also supplied
by Foy (13) who stated that 45 to 55 percent of the bound calcium was
associated with albumin. Long (33), however, concluded that calcium
was bound only to the alpha-l- and alpha-2-globulin fractioms.

Oving to differences of experimental conditions, techniques used,
and possidble variation of serum protein concentration in different
samples, the chances for discrepancies in the foregoing results can be
more readily understood. | |

B. Magnes {um

By means of an ultrafiltration method, magnesium in serum which
was proteim bound was showm by Watchorn and McCance (51) to be one-
fourth of the total human serum magnes{ium. Cantarow and Scheparts (3),
in their textbook, report this valus to vary from 15 to 30 parcent. It
was simfilarly observed by Copeland and Sunderman (8) that the awount of
magnesium bound by albumin was greater than that by globulins. The
distridbution of protein bound magnesiua {n plasma was found by Carr (4)
to be similar to that for calcium but, on the other hand, ttl‘wcuncc

among all proteinm fractions of human serum was reported by Lillevik,



et al. (31). The occurrence of magnesium in all electrophoretic frac-
tions was found similarly by Foy (13), and yet Long (33) observed that
it was present only in the alpha-globulin fractioas as was the occurrence
of serum caleium.

C. lron

Since the 1920's, serum (er plasma) irca has been distinguished
frem hamoglobim irom (12). Later, Barkan (2) shewed that serwm irom
wvas nom-dialysable at the pH of blood. Vahlquist (48) im 194 fowumd
that both albwmin and globulinms ecould bind irom but that the mainm portiom
was in the alpha- and bDeta-glebulins. Heluberg and Laurell (18) shewed
that iren was alse firmly bound by serum to form a salmea pimk colored
eompound. That this eompousd involved the fermatien of an irea-beta-
glsbulin complex was comfirmed dy Schade and Caroline (A5S), Koeechlin
(23), and Cohm, et al. (6). The specific irom bDindiag deta-glodulia
to shich the major part of serum ironm was bound was named "transferrin”
by Laurell (27). LeDue (29) alse ascsrtained that serum iron was
associated with the beta-glodulims.

It vas found by Crosby amd Demeshek (9) and Maier (34) that a small
amount of hemoglobim mormally existed im plasma or serm. This was
bscause of baptoglebim, & proteim that binds hemoglobin. Thus, im the
alpha-2-globulin fraction where haptoglebim oceurs, proteis bound firom
wvas observed. PFoy (13) and Leng (33) reported that irom was present im
all electrophoretic fractions of the human serum preteins. They also
emphasized that the higher comtemt of iron was preseat iam the alpha- and
beta-globulin fractions.






D, Copper -

In 1927, Abderhalden and Moller (1) showed that copper in serua was
non-dialyzable, but on acidification, Warburg (50) found that it was
released. Eisler, et sl. (10) regarded copper as being bound te the
albunin fraction after observing its migration with this serum protein
im elsctrophoresis. In 1948, Holmberg and Laurell (19) showed that
more than 90 percemt of the serum coppsr was firmly bound to an salpha-
2-globulin called "ceruloplasain” which also possessed oxidase aativity.
It was deteruined that one mole of this proteim (molecmlar weight =
151,000) combined with eight atoms of copper. A proportiomats relation-
ship was found betweea serum copper level and the oxidase activity whiech
indicated that the serum copper level greatly depended upoa the
ceruloplasain contemt (20, 21). Lahey, st al. (25) alse weted the
correlation betweea copper level and the amcunt of alpha-2- and beta-
globulin conteat.

In 1953, Gubler, gt sl. (13) foumd that, other than the firmly
ceruloplasmin~bound copper, thers was present a small smount of
relatively lossly bound eepper which probably represeated this element
i» transport. By means of oral admimistration of Cu®4 they were able
to demonstrate that coppar was imcorporated by albumin amd that later,
through indirect exchange, it was turmed over to esruloplasain.

LeDuc (29) moticed that copper migrated with the gamma-globulin
fraction upon paper electrophoresis. Foy (13) concluded that copper
was bound by all protein fractions but occurred principally ia albumin

and beta-globulin. Long (33) showed by means of starch block electro-






phoresis that copper was associated with the albumin and alpha-globulin
fractions.
B. Zinc

Since the demonstration by Pauli and Schoa (39) im 1924, =zimc has
been regarded to be protein bound. Gurd and Goodman (16) obsserved the
reversible combination of human serum albumin and zinc {ons. Thay
provided good evidence for showing that zsinc ions wers bound by the
imidazole group. Vikbladh (49) reported that zinc existed im at least
two forms of linkage to protein in plasma. Thase involved a firmly
bound type (30 to 40 percent) and a loosely bound form at physiological
pi. Cohn (6) observed that sinc reacted reversibly with different human
plasma proteins.

Ressler, et al. (43) first precipitated albumin and gamma-globulins
from human serua with zinc fons. By means of oral administration of Zn®3,
Wolff, et al. (52, 53) noted that radicactive sine largely appsared in the
albumin and alpha-globulin fractions of canine plasma. The ratio between
loosely and firmly bound =zinc in dog plasma was similar to that seen for
huzan serus, and the greatest amount of zsinc was associated with the
alpha-globulin fractions. LeDuc (29), on the other hand, found sime
mainly present in the gamma-globulins. Occurrence of zinc im all
fractions was sesn by Foy (13), and fsomigration of zinc with the alpha-

fractions was shown by Long (33).






I11. EXPERIMENTAL METHODS

A. Apparatus
1. Starch Block Electrophoresis Apparatus.

The instrument used was a product of the E-C Apparatus Co., 538
Walnut Lane, Swarthmore, Pennsylvania. Constructed of lucite, each
buffer tank at the ends was subdivided into three compartments with
electrodes so that three simultaneous runs could be made, Ths starch
block bed was placed on a 1/8 inch thick flat lucite sheet under which
was the lower water cooling plate. During the performance of experiments,
a sponge pressure pad was put on top of the starch block and under the upper
cooling plate. Pinally the whole assemblage was clamped together with the
lower cooling plate. To achieve better separation and requirement for
less amount of sample, & compartment one-third the width of thg sriginal

was constructed with the aid of the following lucite strips:

No. of Strips Direction of Use Dimensions (cm.)
2 Parallel to sides 4% x 1.5 x 0.6
2 Transverse at outer 6 x 1.5 x 0.6
ends
2 Transverse across top 7x1.5x 0.6

to clamp sides together

The other two-thirds of the compartment could be either used as a single
compartment of twice the new size, or else as two more parallel compart-
ments of the same new size.

The BE-C powsr supply unit had a range of 0-1000 volts and could

supply a current varying from 0-200 milliamperes.



2. Photoelectric Euission Spectrometer (22).

The emission spectrograph used was a 1.5 meter photoslectric
spsctrometer (commercially referred to as the "Quantograph™), with
a grating containing 981 lines per mm. and manufactured by tso Applied
Research Laboratory, Inc., Glendale, Celifornia. 1Its availability was
a8 service of the Department of Horticulture at Michigan State University,
It had a spectrographic system equipped with automatiec recording
{nstrusent. It was designed for the snalysis of the following ten
elements: Al, B, Ca, Cu, Fe, Mg, Mn, Mo, P, and Zn. Cobalt was
utilized as an internal standard.

The excitation conditions were obtained from a "™ulti-source”
unit, made by ths same manufacturer. During excitation, it produced
& spark discharge from 230 volts input, 900 volts output, 2 microfarads
capacitance, 50 microhenries inductance, and reesidual resistance.

The electrodes were composed of high purity graphite with the
counter electrode deing 1/8 inch diamster and shaped to a hemispherical
point. The revolving disc-shaped electrode had a diameter of 0.492 fnch
and a thickness of 0.200 inch. The slectrode disc revolved in the ash
solution in question and transferred it to the spark.

3. The Spectrophotoueters.

The models DU and B manufactured by tha Beckman Instrument Co. were

used for absorbancy measurement at 250 and 660 mu, respectively.

B. Reagents and Solutions

1. Starch Suspension.
The purification of raw potato starch (Fischer, No. S-513) was

carried cut by suspending 500 g. in 1 liter of 0.1 N HCl with constant
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stirring for 15 min. The supernatant was decanted and the suspending,
stirring, settling, and decanting of starch ﬁ.r. all repeated once again
with another liter of 0.1 N HCl solution. After deemtathn. the starch
was then suspended {n two volumes of distilled water, ltirrcd. allowed to
ssttle, and the wash water was poured off. This washing was repsated
until the starch suapomién cang to a pH value the sams as that for
dutlilcd water when Hydrion paper was used. Washing once more was
carried out with glass redistilled water. The suspension was filtered
on a large Buchner funnel and the starch was allowed to dry under suction.
The semi-dried starch was then washed two or three times with 50 ml.
portions of veromal buffer solution (vide infra) containing a few drops
of CCl,. The buffer solution with CCl, aided in the removal of smaller
particles (fines) and impurities and helped to avoid conductivity and pH
changes during electrophocesis (2). Lastly, the washed starch was
suspended ﬁ: an equal ﬁlm of veronal buffer and kept i{n the cold room
until ready for use.

2. Veronal Buffer Solution.

The solution was prepared by dissolving 0.24 mole (44.20 g.) of
anhydrous veronal (diethylbarbituric acid, Merck and Co.), and 0.2 mole
of sodiua hydroxide in two liters of redistilled water. It was made to
an fonic strength of 0.1 nﬁd a pH valus of 8.6.

3. Polin-Ciocalteau-Lowry Reagent.

This reagent consists of two solutions referred to as A and B.

8. Solution A was simply the Folim-Ciocalteau reagent commercially
available from Scientifie Products Co., Bvanston, Illinois. It is a

bright yellow sol:tion containing sodium tungstate, sodium molybdate,



1ithiuwa suylfate, phosphoric acid, and hydrochloric acid in amounts
as given by Litwack (32). It was kept from light and diluted just

before use.

b. Solution B was an alkaline composition made up of the following

contentst
Compound Conen, (% w/v) Ratio (by vol.)
Sodiwa carbonate 4 100
Cuprie sulfate 2 1
Sndium potassium tartrate 4 1

The sodium carbonate solution was filtered before mixing with the other
two soclutions.
&4, Physiological Salfins.

This was an 0.85 % (w/v) NaCl solution prepared by dissolving 17 g. of
C. P. sodium chloride inte distilled water until two liters of solution
are obtained.
S. Internal Standard Solution for the Spectrograph.

The internal standard solution (22) comtained 0.04 % of Co (II) ion,
0.5 % of L{ ion, and 1.0 % of K fon acidified with 1.8 N HC1 (1500 ml.
cone. HC1 per 10 liters). '
6. The Metal Iom Stock Standard Solutiom for Calibration.

This solution was composed of & mixture of salts containing the ten
matallic elements to be analyzed. After evaporation to dryness and
mixing with the internal standard solution, it was used for the calibration
of the "Quantograph.” The following substances and amounts for each is

as follows ¢ °.
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Compound *! Quantity (g./10 1.)
Caco, 50.06
H,B0, 0.287
CuS0,. SH,0 0.156
FeSOq.7Ha0 0.6203
ZnS0,. TH,;0 1.097
© MnCl, . 41,0 0.713
AIC14.6H,0 2.193
NaCl 4.0879
MoO, 0.012
MgSO0, 34,68

H,P0, (85.0-87.0 %) 7.708 ml.

7. Human Blood Serum Samples.

Pooled human serum samples collected from sudbjects were kindly
supplied by Dr. R. B. Foy of the Clinical Chemical Laboratory at the
Edward W. Sparrow Hospital, Lansing, Michigan.

C. Procedure

1. Preparation of the Starch Block.

A 1/8 inch thick lucite shest was placed over the lower cooling plate
o!' the apparatus. Four lucite strips, all 1.5 cm. high, two of which are
45 om. long and two others which are 6 em. long, were placed im such a way
tpt & rectangular compartment oﬁc-third as wide as the original resulted.
Two other strips of 7 cm. length were placed across the top of ths ends
and held down with C-clamps so0 as to hold the four sides of the new

compartment rigid.

lAn adaptation of the recommendations given by Mathis (35).



The starch suspended in veronal buffer was well stirred and poured
into the new compartment until ths suspension bacams abuut 1 cm. high.
To prevent leaking of the starch, filter paper strips were used to pack
the sides of the box. As starch settled, the supernatant was gradually
decanted as much as possidle by the use of a udieiu dropper. The
remainder of the supsrnatant buffer solutiom could further be removed by
blotting with filter paper strips. At the sams tiwme, while blotting, the
starch block was gently pressed to exclude occluded air bubbles and thus
continusd until the bl‘of.-;k was dryemough to cut a slit with a sharp
spatula. When ready, the rcnulfing starch block was approximately 0.5 cm.
high. If this height was exceeded, them a greater smearing effect was
noticed upon electrophoresis of serum.

2. S8tarch Electrophoresis of Normal Human Blood Serum.

At a position 11 cm. from the cathodic end of the block, a
rectangular section of damp starch 1 cm. wide and a length across of
within 2 mn. of the eadges was cut ocut. This excised wat starch was
replaced by an equal volume of dried starch made from the previocusly
daz~~ibed starch-buffer mguuion. One ml. (or up to 2 mi.) ni human
blood serum was svenly itr.aknd across the dry stsrch with a 1 al.
pipette. BEach electrode compartment was f£illed with about 500 ml., of
veronal buffer solution and allowed at leaat 30 secs. for equalization
of the levals. Both ands of the starch block waere connected to the
electrode compartments with 6 cm. wide Whatman No. 1 filter paper strips
placed above and below the starch bed. The whole block was then encased

with a sheet of wax paper, followed by putting on the pressure pad and
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the upper cooling plate. The slectrical circuit was attached and the
cwrrent vas immdiatsly turned on.

It is recommended that the current be switched on as rapidly as
possible after applying the serum sample om the block as this will
prevent broadening of the sample band dus to the diffusiom of serum. A
constant voltage of 450 wolts was observed to be the best to maintain.
With a current of 20 to 24 millismperes (the magmituds ef the ecurremt
depended upon the degree of moistening of ths starch), a period of 22
to 24 hrs. was required for separation. Whathsr or not electrophoresis
was accomplished could be detected visually by looking for the position
of the pale ysllowish brown color of the aldumin some, the fastest
moving protein fraction, and thus over-run ocould be svoided.

3. Elution of Serum Proteins.

After slectrophoresis, a sharp stainless steeal spatula was used to
cut the starch block imte transverse slices 1 em. apart. The two slices
of starch that covered the filter paper strips on each end were discarded.
Bach of ths other slices was placed into a consecutively numbered test
ture containing 5 m). of physiological saline solution. After shaking
for 1 to 2 min., the starch was allowed to settla. Each supsrnatant
was poured fnte .a cantrifuge tudbe and rotated at 3/4 full speed in the
International Clinical Centrifuge for 3 to 4 mim. This procedure was
repeated five or six times or until no additional protein could be
washed out from the starch. Completeness could be detected wham mo

further foam formation occurred in the solutiom during shaking.
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4, Determination of Protein Composition in Serum.

From each tube eontaining eluate, 1 ml, was pipetted into S ml. of
alkaline solution B of the Folim-Ciocalteau-Lowry reagent (32). This
mixture was kept at 40°C in a water bath for 15 min. Into each tube was
next added 0.5 ml. of freshly diluted (1311) Folin-Ciocaltsau-Lowry
solution A, and the mixture was allowed to stand at room temperature
for 30 win. Destermination of ths absorbancy of sach sample was mads at
a wavelength of 660 my with a Beckman Model B Spectrophotometer. A
graph (seas Pig. 1) of the abscrbancy readings versus tube number was
plotted and the protainm fractions under each peak of the resulting
curve could be identified. A simpler method of determining these amounts
was to sum up the absorbancy readings of each eluate fraction and to
divide this sum by the total of absorbancy readings im all tubes. An
ultraviolet absorption determination at 280 my was also carried out on the
elenents by using a Beckman Model DU Spectrophotomstar to confirm the
separation of the protein fractions. Hewever, the areas under the
peaks of the curve obtained was only proportional te protein aromatie
anino acid content and mot the true proportion of all the protein fraction.
S. Ashing.

a. Ashing of the protein fractions.

The eluates from ths tubes of the same protein fraction were
combined and the wolums of each fraction was reduced to about 10 ml. by
fres flame evaporation. Tha concentrated solutions were then transferred
to separate crucibles and further evaporated in an electric air heated

oven maintained at 105°C. After the contents were dry, the crucibles



were placed into a muffle furnace and ignited at 500-550°C for 12-15 hrs.

b. Ashing of whole serum.

Normal human blood serum was pipuited into a crucible and likewise
dried and ignited as above.

6. Photoelectrie Emission Spectrometric Determination of Metal lons.

a, Calidration.

Calibration was carried out according te Keaworthy (22) dy using
synthatic standard solutioms of seven different concentrations for tem

- elemsnts. These solutions were prepared for sparking by disselviwy imto
ca 1.8 N HC1 the residuss of the standard solutiom mixtures after they
had been evaporated to drymess. As an internal stamdard, snough cobalt
e~ loride was added to this solutionm to make a 0.02% (w/v) concentration.
The spectral limes used were in the second order spectrum except that for
Mo which was {n the first order and that for ximc, in the third order.

b. Analysis of ashed serum protein samples.

The ash from whole and each fraction of serum protein was dissolved
by pipetting S ml, of the internal standard solution into the crucible.
(The velune of 5 ml. was arbitrarily chosen to be used when 0.5 g. of the
protein sample was ashed. It eould be varied to suit samples of different
weight.) An aliquot of the solution was then transferred into the boat
for spsctroscopic analysis f£rom which am smount was brought into ignition
by the rotating disc electrode. The result was recorded automatically
on a graph and the data calculated therefrom. The results are givea in






1V. RESULT AND DISCUSSION

A. Serum Protein Distribution in the Starch Block Electrophoretically

Separated Fractions

Figs. 1 and 2 show how the electrophoretic patterns appeared as
obtained by the starch block technique. The sclid curves were obtained
by measurements using the Folin-Ciocalteau-Lowry method for protein
analysis. The area under each peak indicates the protein content in each
fraction. The dotted lines were drawn from ultraviolet absorbancy readings
of the eluates at 280 sy wavelength. They do not indicate the tcue protein
concentration but rather show the aromatic amino acid residue content in
each fraction. They are included for supporting evidence in judging the
points of separation of the serum proteins.

It can be easily noticed, from the figures, that there is no sharp
demarcation between peaks for the alpha-l- and alpha-2-globulin fractionms.
Thus, in subsequent analysis for metal glement content they were combined
and are grouped as from only one fraction -~ the alpha-globulin.

Table I shows & quantitative distribution of the proteins in human
blood serum as separated by starch block electrophoresis. The protein
concentrations in the fractions are reported in total absorbancy units
for combined eluates of the same fraction. The actual total absorbancy
‘value corresponding to unseparated serum was obtained by using whole human
blood serum of the same amount as that applied for a starch block
electrophoresis run. This served as a reference base for estimating the

percentage of recovery shown in Part B of Table I.
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TABLE I. Distribution of Proteins in Human Blood Sarum Separated by
Starch Block Electrophoresis?.

n— ———

Protein Fraction 1 2 3 S 6
A. Absorbancy Units

Albumin 2.478 3.038 2.476 3.038 2.371 $.239
Alpha-globulins 1.149 0.845 0.553 0.624 0.543 1.359
Beta-globulins 0.864 0.812 0.627 0.518 0.386 1.296
Gamma-globulins 2.048 1.884 v 127 1.377 0.939 2.698
Total (above

fractions) 6.539 6.579 4,633 5.557 8,239 10.592
Original frotein 9,20  7.080 5.200 5.400  4.880 10.920

ontent

B. Percent im Bach FPraction

Albumin 38.2 46.2 52.9 54,7 55.9 49,5
Alpha-globulins 16.9 12.8 11.8 11.2 12.8 12.8
Gamma-globulins 30.7 28.6 21.9 24.8 22,2 25.2
Recovery? .o 92.9 90.1 102.9 86.9 97.0

-

lFor samples 1-5, 1 ml. of eluate from each tube was taken, and for
sample 6, 2 ml. was used.

3Arrived at by dilution of whole serum sample and subsequent
multiplication by dilution factor. See Appendix A for calculation.

3S5ee Appendix A.



The results of the present study are comparable to values obtained
by s milar experimental procedures reported from other investigators and
am» thus listed in Table I1. The slightly low albumin content and
slightly high globulin quantity are likely due to incomplete elution of
the albumin fraction from the starch block medium. The process might
be made more efficient by using smeller quantities of saline to furnish
more tine-l of clutioﬁ and yet give the same final volume of eluates,

B. Trace Element Composition of Whole Serum

The emission spectromster or "Quantograph,”" is structurally set
up for the analysis of only the following ten elements: P, Ca, Mg, Mn,
Fe, Cu, B, Zn, Mo, and Al, Of these ten elements, only the eight metals
were of interest in this study.

The emission spectrograph readings of the variocus wetal elements
present in whole human serum are given in Table III. Tabl; IV gives in
Part A the correct percentage of each element calculated from data and
indicates in Part B the amount of each element in terms of mg. per 100 ml.
of serum. The results show good agreement among different samples of
seruma. Only the percentage of iron has a greater variation among them.
The cause for the high readings of aluminum {s unknown. According to
Seibold (46), the amount of aluminum {n human serum is about 17.2
gamma-percent. Finally, the reading of manganese is too small to be
significant, and the valus for molybdenum is not too reliable because of
the interference of other elements such as those dus to the high concen-

tration of sodium in the serum.






TABLE II. Comparison of Protein Distribution by Starch Block Electrophoresis
of Human Blood Serum with Other Results.

e

Methgd Ref. ‘Ib‘-in - o ® ® ® ® o e = Globul in. - ® o ® ® o ®© o o
Alpha-l- Alpha-2- Basta- Gamma-
Starch Block — This ., 5 ¢ 9 11,2 12.8 9.1-13.4 21.9-28.6

Electrophoresis Study

:ff::,ophO,..i. (7) 47 -1 2.7-5.8 5.1-12  4.5-15.7 11,3-24

::E:Zrophoteuia (13) 66.4(av.) 3.4(av.) 6.4(av.) 9.6(av.) 1l4.2(av.)
:;f::topbor‘.i. (24) 57.9(av.) S.1(av.) 7.68(av.) 10.89(av.) 18.53(av.)
:;f::,ovho‘e,ia (26) S51.4-67.6 3.1-7,3 6.0-10.7 9.2-14.6  9.8-20.2
::2::,ophor,.i, (30) 63.2(av.) 3.4(av.) 7.4(av.) 11.3(av.)v 14.7Cav.)

Free Boundary

Blectrophoresis ¢7) 56 -62 & -7 9 -1 11 -15 12 =16




TAELE IIl.

Baission Spectrograph Readings for Metal Elements Present

in Whole Human Blood Serum''?,

—

Metal nite = = e o =« «Sample NO, = v = = = = =

Element 1 2 3 4
Ca % 0.22 0.19 0.46 0.49
Mg % 0.04 0.04 0.11 0.11
Mn P.P.m. 0 0 12 12
Fe P.p.m. 69 22 69 95
Cu p.p.m. h6.7 65.8 101.0 106.2
Zn P.P.m. 26 24 67 60
Mo pP.pP.m. 1.2 1.0 2.2 2.2
Al p.p.m. -3 -3 -3 -3

'Samples 1 and 2 {nvolved the use of 5 ml. and samples 3 and 4 involved

the use of 10 ml. of whole serum.

3samples were ashed at 600°C for 17 hrs.

3value exceeded range of spectrographic instrument.

o 4






TABLE 1V. Metal Element Content in Whole Hunan Blood Serum Samples,

Matal ceececcee=Sanple NO, = = == == = =

Element Units 1 2 3 4

Part A
Ca % 0.02 0.02 0.02 0.02
Mg 0.00(+) 0.00(+) 0.01(;) 0.01(-)
Mn pP.p.m. 00 0 0.6 0.6‘
Fe p.p.-; 6.7 1.2 3.4 4,2
Cu P.P.m. 8.6 6.7 5.0 5.2
Zn p.p.m. 2.6 2.4 3.3 2.9
Mo P.P.m. 0.1 0.1 0.1 0.1
Al p.p.i. -1 -1 -l J—
Part B

Ca mg., % 20.34 20.34 20.34 20.34
Mg ng. % 4,07 4,07 5.09 5.09
Mn mg. % 0 0 0.06 0.06
Fe wg., % 0.68 0.12 0.35 0.43
Cu ng. % 0.47 0.68 0.51 0.53
Zn mg., % 0.26 0.24 0.34 0.29
Mo mg. % 0.01 0.01 0.01 0.01
Al ng. % -l -t -l . |

'Value exceeded range of spectrographic instrument.
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C. The Distribution of Metal Elements with the Protein Practions
Obtained by Starch Block Electrophoresis of Several Samples of

Buman Blood Serum.

ATabl. V reveals the metal element confcat present im the protein
fractions of six samples of human blood serum subjected to starch block
electrophoresis. At first glance ‘th.y appsar to be quite random. This
may be attributed to the binding of proteim to the cations. As is well
known, there are two kinds of protein dinding combinations for c;tloul:
loosely bound and tightly bound. The cause of the inconsistent results
may be dus to the loosely bound portions which may not retain the same
aaount of cations throughout the rum of electrophoresis. Of courss,
artifacts dus to procedure may be a great factor im producing the noted
deviation. 1In Table VI is shown a comparison of emission spectrograph
reading valuss for metal slemsnt conteat betweenm serum protein fractions
and their corresponding blanks. It indicates that the reagents also
contribute signif icant interferencs to the results. But above all, the
diminution of characteristic radiatiom of other ions by the excessive
sodium content 1; probably the wmain consideration that c‘m‘ln such
imprecise results. It might be partially overcowe by preparing an
internal l}andnr_d solution containing excess amount of sedium ioms to
serve as a radiation buffer.

N.vcrtheln_s. from thuq results, an outline form or profile of
the distribution pattern of each metal element in the serum protein

fractions of human dlood can be discussed as follows:



‘e
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TABLE V. The Distribution of Metals Associated with ths Protein
Fractionl_ Obtained by Starch Block Electrophoresis on
Various Samples of Human Blood Serum.
"]
: - = « « « «Protein Practionsg = « =« « =« =
Matal Concn. : 3
Sample Units Albumin = = = = <Globulins = - ~ = =
Alpha- Beta~ Ganna-

Human Blood Serum Sanple No. 1

Ca % 0.20 0.22 0.22 0.30
Mg % 0.00 0.00 0.00 0.02
Mn p.p.m. 13.2 15.3 15.3 17.3
Fe p.p.m. 98.2 41.7 44.9 39.7
Cu pP.p.m. 20.4 58.0 16.8 21.9
Zn P.p.m. 322 71.2 71.2 211
Mo P.p.m. 2,7 2.8 2.8 3.3
Al p.p.m. 600! 7361 - -2

Human Blood Serum Sample No, 2

Ca % 0.27 0.19 0.16 0.30
Mg % 0.01 0.00 0.00 0.03
Mn P.pP.m. 17.3 13.2 11.2 11.2
Fe p.p.n. 37.1 33.6 27.0 39.7
Cu p.p.m. 81,32 87.49 10.9 - 28,2
Zn P.p.m. 163 80.6 83.5 144
Mo. P.p.m. 3.1 2.7 2.3 2.9
Al p.p.m. -2 s -3 5751

Human Blood Serum Sample No. 3

Ca % 0.18 0.20 0.27 0.27
Mg % 0.02 0.01 0.02 0.03
Mn P.D.Rm. 9.7 13.2 17.3 13.2
Fe P.P.m, 24,0 25.4 36.4 31.5
Cu p-p.m, 21.0 11.3 13.8 12.7
Zn p.p.m. 168 h4,.2 72.3 92.6
Mo P.p.m, 2.3 2.3 2.8 2.7

Al P.pP.m. 637} 359 45s? 480*
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« « = = = =Protein Practiong = « = = = =

’S’:;;}‘ Conen.. Albumin = = = = =Globulins = = = = =
Alpha- Beta- Gamna-~
Human Blood Serum Sample No. &
Ca % 0.47 0.09 0.12 0.22
Mg - % - 0.07 0.02 - 0.02 0.03
Mn p.p.m. 22.% 6.1 9.7 13.2
PFe p.p.m. 28.6 9.2 12.7 3.3
Cu p.p.m, 20.7 5.6 9.0 11.8
Zn p.p.m. 215 11.2 18.8 29.1
Mo p.p.m. $.2 1.8 2.0 2.8
Al p.p.m. 173 58 n2 15
- Human Blood Serum Sample No. S
Ca 0.37 0.21 0.22 0.24
Mg % 0.04 0.02 0.02 0.C4
Mn p.p.m. 21.3 13.3 15.2 11.2
Fe pP.pP.m. 36.8 20.9 30.0 15.8
Cu pP.p.m. 25.9 13.3 18.3 17.8
Zn p.p.a. 337 80.6 195 67.2
Mo P.p.w. 3.7 2.6 2.6 2.7
Al p.p.m. 194 131 4561 3u2
Human Blood Seruam Sample No. 6
Ca % 0.12 0.12 0.13 0.16
Mg % 0.00? 0.003 0.00? 0.01
Mn p.p.m. 10.0 10.0 8.9 8.9
Fe P.p.m. 14.8 15.5 20.6 36.9
Cu pP.p.m. 11.3 9.7 7.4 12.5
Zn p.-p.m. 74.5 19.7 68.6 62.6
Mo p.p.m. 1.6 1.6 1.6 1.5
Al pP.p.m. 186 2461 193 258!

'Extrapolated valus from curve for that particular element om
spectrographic instrument.

3Values exceeding the rangs of spectrographic instrument.

NMagnesium occurs, but values became too small after caleulation,
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TABLE VI. Emission Spectrograph Reading Values for Metal Element
Contant of Human Blood Serum Fractions Separated dy Starch
Block Electrophoresis and Corresponding Blank Run!.
]
‘ = « = = = =Protein Fractiong « = = =« = -
Albumin e o e <Globuling « « = « =
' Alpha- Beta- Gamma-

Metal Concn.
Sanmple Units

. A, Of Serum Protein Fractions . }
Ca b 0.46 0.46 0.49 0.58

Mg R 0.02 0.01 0.02 0.05
Mn p.p.m. 38 38 34 34
Fe pP.-P.m. 56 59 78 140
Cu p.p.m. 42,4 37.0 28.0 47.6
Zn pP.-p.m. 283 75 260 237
Mo pP.p.m. 6.0 5.8 6.0 5.6
Al p.p.a,. 705 9323 738 9802

B. Of Corresponding Blank Run Fractions

Ca % 0.27 0.43 0.52 0.58
Mg % 0.00 0.00 0.01 0.00
Mn p.p.m. 22 42 ué 42
Fe p.p.m. s0 72 78 130
Cu p.p.m. 25.1 33.0 38.0 45.6
Zn P.p.m. 158 108 164 146
Mo p.p.m. 4.2 5.6 6.4 6.7
Al p.p.um. 660 9229 11162 11352

1Tha Starch Block Electrophoresis was run simultaneocusly in two
parallel compartments; one containing applied serum llnpll. the
other buffer only.

3Extrapolated valuss from curve for that particular oltmont on
spsctrographic instrument.
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1, Calcium.

From the result obtained and given in Table V, calcium occurs almost
in even amount in each serum protein fraction. This is in contrast to many
previous reports., Prasad and Flink (41) determined that S0 to S5 percent
of bound calciuz was in the albumin fraction. Foy (13) gave a similar
conclusion based upon paper electrophoresis; namely, that 45 to 55 percent
of the bound calcium was held by albumin. Neither does it agree with
LeDuc's result (29), that an equal saocunt of éalehn was bound by albuain
and the gamma-globulins and that this contributed to two-thirds of the
total bound calcium. However, Foy and LeDuc substantiated the observa-
tion that calciun‘occutrud in every fraction of human serum. In Long's
paper (33), calcium was reported present in only the alpha-globulin
fractions in spite of the use of starch block electrophoresis as employed
in this study.

2. Magnesium.

It can be noticed from Table V that the distribution of protein
bound magnesium is similar to that for protein bound serum calcium in
that it occurs in oﬁnry fraction. Im the subparts of Table V, the
percentage of magnesium in some of the fractions is recorded as smero.

This does not mean that there is an absolute absence of magnesium in these
fractions, but because the "Quantograph" weas calibrated to read only in
percent, the small amount of magnesium present was out of this range of
measurement., It appears that more magnesium is associated with the
albumin and gamma-globulin fractions than in the globulins. Previous
studies by Lillevik et al. (31) and Foy (13) also supported the finding
of magnesium in all electrophoretic fractions of hunan blood serum.

Howsver, Long (33), using the starch block techniqus as {n this study,

)
Phe i
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presented a varying conclusion in that only alpha-globulin fractions
appeared to contain wmagnesium.
3. 1Iron.

Foy (13) and Long (33) previously observed that iron was present in
all fractions of human serwmm prpgclnl attog .‘loctrophornio vhich is the
same result found indicated in Tadle V. However, tﬂo eoﬁtlntion thatltho
nain portion of iron was found in the aléha- and bct;-globulinoAac reported
by Foy is not substantiated by the results. Instead, the albumin fraction
seans to contain a slightly higher iron content than the others. High
iron content im the botn-globﬁlia fraction due to the binding of transferrin
has generally beea reported in varicus publications (see "Historical”
section), but was not observed in any of the experiments from this investi-
gation.

&. Copper.

Protein dbound copper was also found as seen in Table V to de present
in all electrophoretic fractions of human blood serum. Among the various
| previocus reports, omly the experiments of Foy (13) had a similar result.
Long (33) indicated that the albumin and alpha-globulin fractions combined
with copper ions. LeDuc (29) demonstrated the isomigration of copper with
gamna-globulin fractiom. Although Laurell (27) stated that more than
90 percent of serum copper was firmly bound by ceruloplasmin (one of the
alpha-2-globulin protsins), there {s mot very strong evidence of such a

degrees of complex formation im this study.
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5. 2Zine.

From the data acquired (Table V), zinc is found to be present in
all serum fractions with a higher concentration among the albumin and
gamaa-globulin fractions, espacially the former. PFoy (13) aleso noted
that zine occurred in all fractions of human serum, wheraas Long (33)
reported that zinc was present im the alpha-globulim fractions and LeDuc
(29) showed the existence of zinc with the gamma-globulins. Previously,
in 1954, Ressler et al. (43) precipitated albumin and gamma-globulins

from human serum with zinc ifons.
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V. SUMMARY AND CONCLUSIONS

A quantitative study of the metal elements associated with the
albumin, alpha-, beta-, and gamma-globulins of human blood serum was
carriad out by electrophoretic separation on the starch block and
quantitative emission spectrographic analysis of each sluted protein
fraction for the presence of Cu, Ca, Fe, Zn, Mn, Al, Mg, and Mo. The
experimental technique waes adapted and modified to investigations on
hunan serum proteins, and the following Bpecific developments wers
noticed:

A. The electrophoretic pattern shown by starch block electrophoresis
is comparable and similar to that obtained by other zons electrophoretic
we thods.

B. The recovery of separated proteins from starch block segments
was found quits efficient by elution with physiological saline solution.

C. Calcium was found present in all the serum protein fractions and
in about an even distributiom.

D. Magnesium was found in higher concentration with the albumin and
gamma globulin fractions.

E. Iron and copper were found to be presemt in about equal amounts
in all fractions.

F. Most of the zinc associated with protein was found present in
the albumin and gamma globulim fractionms.

G. The results and experience of this study suggest that in future
researches of this nature and technique, the addition of excess sodium
to the internal standard solution be included. This might then serve as
a radiation buffer to minimize interfarence with intensity of radiation of

the other metal constituents.
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H. Another consideration suggested for future study is that the
atomic absorption spectra method of analysis bda adapted to detemine

the metal element content of the separated serum protein fractions.
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APPTIDIIX A

A, C:leoulations for the Conipeciticn ¢f 'hr:zn Ploed Serun and the
Percent of Pecovery (fee Tatle 1).
1. Calculation of Couposition of Huaan Blood Serwa.

The percent of each The sum of Egg, readings for
fraction in human = each eluate of a fraction X 130
btlocd seru tiie sua of Lggo readings of

all eluates

E.auplas
The suu of the absorbancy reuadings for ell eluates in the
albwain fraction of sawmple 1 = 2,478, and

the sum of absorbancy readinss for all eluates = 6,539

2..78
€.539

the percent of albumin = % 100 = 38,2

Calculation of Percent of Recovery.

An absorbancy reading e:pressing the quantity of original blood

sery? was obtained by: (1) dilution witi: physiological saline of the

saue quantity of serum as used for electrophoresis to a voluwe equal

to that of the couibined eluates, and (2) multiplying the absorbancy reading

of this diluted solution by the nusber cf tutes.

the sum of the E 4,
readins of ell elu:tes
the absurbancy reading
e.pressiny the guantity
of orizinal blood serum

The percent of recovery =

E:xcanple:
The sum of abscrbancy readinss for all eluates in sauple 2 =

6.579, and



B.

the abscrbancy reading e:pressinz the quantity cf the original

blood serus: sawple = 7,080

6€.779
7050

The percent of recovery = X 100 = §2.9

Calculation for the lMetal Llement Content in a Sacple cf VWhole Blood

Jerun f2n Tables II11, IV, and V),

The emission spectrograph readings in Table III were obtained by

dissolving the ash of serua sawple in 5 ml. of 1.8 N HC1 acid solution,

If the ach of 0.5 g. of sasple was used, the emission spectrograph was

calibrated such that the readings would be a direct metal element content

of the sauple. Qhen more than 0.5 wl, of serum sample was used, the

readings cbtuined were corrected to true percentage of p.p.m. as indicated

by the awount of seruu sample used,, shown in the footnote of Table III.

1.

Calculation of the Metal Elewent Content cf Human Blood Serum in

Percent or p.p.w. Units,

the eaission spectro-
granh readin-
weicht of seruws sasple

the percent of
wetal elecent in
huasan blood serum

6.5

B.;azpies

Calculation of the percentage of calciwa in sample 1 from
Table III: the emission spectrogzraph reading = 0.22 ().
Weizht of 5 wl. of serum sample = 1,017 X 5 = 5,085 g, (The
weight of 1 iuil. of whole serum was deteruined to be 1.017 g.)
the percent of wmetal 9,22

elesent in human = 5o X 0.5 = 0.02
blood serua eve



41~

Calculatioen of etzl Elecient Content in Huuan Blood Serua in
no, per 170 al, Cerua.

the percent of
metal eleent in
huien Vlood serm:

rztal elewent content = 1 X 120 X 12330 9+ 1.7017

Soacipies
The percent of Ca in Sawple 1 = G,062

0.0
t'etal elcuoent content = 1: 2

100 o 100 X 1,017 0=

v

20.34 wy. per 187 ml, serua.

Celeoulation of the Yetal Tlement Centert in the Electrenhoretic

Prooctiane ¢f Purnn Pleed Serus (“ee Tohila V),

Let R = ZIaission spectrograph reading,
W= Weight of seruw sample apmlied in Starch Elock Zlectrepheresis,
Wo = Weight of euch serus proetein fracticn,
W ® Veicht of each nmetal ele.ent,

Ii =ietal elewent cuntent, percont of total seruas,

ul
Vf = Total voluse cf eluste fur each fraction cobtained, and
V = Voluse of eluate in euch fracticn used for ashing.
v RV
N C b R X 0.5 « £ . £
W £ W v LV
£
wT RVf
r«.! = r- = 5 V
v -I»S
Dioeeplaes
Ca it ultuwin of sasple 1 (Tulle V)3
R = 4,28 ()
Hs = 1.017 ¢.
0.3 x 30
N =
V. = 3) wl. n 2 ¥ 1,017 x 28 ©.20
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