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ABSTRACT
Title of Thesis: .The Hemoglobin of Tubifex tubifex
L%lit V. Vora, Master of Science, 1972
Thésis Directed By: Dr.‘C. Dan Foqte
The hemoglobin of Tubifex tubifex is found in soiution
in the blood of the worm in cells as in vertebrates. The binding of
oxygen to the hemoglobin can be followed spectyophotometrically. A peak
of absorbtion at 540 nm is fairly constant under different conditionj;
whilé a peak at 575 nm disappears from the spectrum when oxygen is
removed. The hemoglobin contains heme, non-heme iron and protein.
Binding of oxygen to the hemoglobin was found to be
dependent on the concentration of the hemoglobin, at low concentrations
(4;16 X 10”6_g), oxygen could not be removed from the hemoglobin.

6‘§ and aone) could

Oﬁly at the higher concentrations {9.72 x 10~
the oxygen removed. Direct measurement of the Bohr effect (by titra
tion in a NaCl solution) gave a very small, essentially negligible
value. Acrylamide gel electrophoretic analysis of reaction mixtures
containing hemoglobin and parachloromercuricbenzoate provided no
evidence for the reaction between the two. The latter two observations

are consistant with the conclusion that this hemoglobin does not

contain any free sulfhydryl groups.

vii



The iron : heme ratio was found to be 5:1. Acrylamide
gel electrophoresis and DEAE column chromatography provided evidence of
the presence of two proteins in these preparations. One of the peaks
from the column exhibited absorption at 540 nm and 1s most likely a
hemoprotein, while the other did not absorb at 540 mm and is potentially

an iron containing non-hemeprotein.
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Introduction:

Blood contains somewhat less than 15 g of hemoglobin
per 100 ml. Hemoglobin has the power to attach oxygen molecules and
to hold them in a loose chemical combination known as oxyhemoglobiﬁ;

As the blood passes through a capillary network in the thin air sacs
of the lungs, oxygen enters into a loose chemical combination with
hemoglobin (oxyhemoglobin) and is carried to the tissues. There, as
the blood passes through tissue capillaries, the hemoglobin loses
oxygen to the tissues and is then referred to as reduced hemoglobin.
Hemoglobin not only functions directly to carry oxygen to the tissues,
but indirectly to carry carbon dioxide away from the tissues (10).

Hemoglobin oligomers have been found inappiibians,
reptiles, mice and men. The vertebrate hemoglobins occur in cells;
These hemoglobins have been shown to polymerize by forming inter- |
molecular disulfide bridges and belong to the characteristic vertebrate.
In most cases hemoglobin particles appear hexagonal (3).

The hemoglobin of Tubifex tubifex (Tu Hb) is typical of
invertebrate hemoglobins, occuring in free solution and having a
molecular weight range from 4 x 10S to 3 x 106, which depends on the form
of the hemoglobin and which is a greater.molecular weight than that

of vertebrate hemoglobin (1).



When the protein is prepared by the method suggested
by W. Scheler (9), followed by dialysis to remove ammonium sulfate,
the resultant aqueous solution contains an oligomeric hemoglobin
which is in equilibrium with the various monomers, dimers etc.

The oligomer : monomer ratio is highest in' distilled water, diminishing
with increasing ionic strength in solution of sodium chloride and
sodiﬁm phosfste. According to Nakajima and Braunitzer (3),_tubifex
hemoglobin appears cylindrical.

According to Nakajima and Braunitzer (3), the spectrum of
tubifex hemoglobin is quite similar to that of_human hemoglobin.
Although tubifex hemoglobin has the absorption spectrum of a typical
hemoglobin, it more closely resembles the hemocyanins of arthropods
and mollusks as an association-dissociation system (1,7). The most
stable oxyhemoglobin in salt solution of high ionic strength
(.15-1.0M) seems to be of molecular weight 1.2 or 3.0 x 106'(1).

- This study was planned with several purposes: to see the
eéuilibrium of oxygen with tubifex hemoglobin, to measuré the
'Bohr effect'; to study subunit character; as well as to measure
the iron and heme content of tubifex hemoglobin. In the work reported
here, the tubifex hemoglobin has been prepared by the method suggested

by W. Scheler (9).



Oxygen Equilibrium:

The amount of oxygen (or carbon dioxide) the blood will
hold is inversely proportional to the partial pressure of oxygen
(or carbon dioxide) in the blood. An increase in either the carbon
dioxide pressure or acidity of blood will favor the dissociation of
oxyhemoglobin. A simplified equation for the binding of oxygen by
hemoglobin is:

Hb + 0, = HbO, I

On exposure to molecular oxygen, ferrous hemoglobin binds
the gas in a ratio of one oxygen molecule per heme iron unit. fhé
binding of oxygen by hemoglobin is reversible and may be studied by
variations in the UV-VIS spectrum (6). The reaction of hemoglobin

with oxygen is complex.

Bohr Effect:

It has been shown that among terrestrial mammals the smaller
the animals the higher is the oxygen pressure (P%) at which the whole
blood is half saturated with oxygen. Thus the blood is adapted to
deliver oxygen to the tissues at a higher pressure in smaller animals (2).

One of the most intriguing phenomena associated with the
function-of hemoglobin i; its reversible dissociation of protons

which accompanies its binding of oxygen. This oxygen linked ionization,



which is commonly referred to as 'Bohr effect', results in the,iibera—
tion of about 2.7 protons per mole, when human hemoglobin isloxygenated
at physiological pH (45. Hemoglobin molecules have four iron atoms and
it must take up four molecules of oxygen when saturated, as shown by
the-following equation:
| Hy , + 40, == Hb(02)4+2.71{*-" I
A different 'Bohr effect' occurs in the region of pH 5.50, at which
oxygenation is accompanied by absorption of one proton pe¥ mole (4).
The primary differences between bloods lies in the sensiti-
vity of their hemoglobins to changes in pH. As the 'Bohr effect', it
is well known that high carbon dioxide pressure or decreased pH tends
to dissociate oxyhemoglobin and promotes gas exchanges in the tissues.
In a series of terrestrial mammals ranging in size from élephant to
mouse, the smaller the animals the greater is the sensitivity of the
oxygen equilibrium of its hemoglobin to pH. This pH sensitivity
predicts the fact that certain acid groups of hemoglobin are functionally
linked to the oxygenation process in such a way that they become more
acidic when oxygen is bound. The results indicate that the smaller the
mammals the greater is the number of protons discharged from its hemo-
globin when the molecule is oxygenated.

According to Austin Riggs (2), the number of mercuric ions



bound to the hemoglobin is directly proportional to the number of:
sulfhydryl groups in the protein. The extent of the 'Bohr effect'
plotted.against the ions of Hg+2 bound by hemoglobin produces a
straight line. as shown in Fig. 1, thus the 'Bohr effect' is directly
propotional to the free sulfhydryl groups of the hemoglobin. 1In

other words, with a hemoglobin that exhibits no 'Bohr effect;, we
expectlto find no or very few sulfhydryl groups. In passing note that
myoglobin (muscle hemoglobin) exhibits no or very small 'Bohr effect',
apparently because there are no or very small number of sulfhydryi group

in that heme protein.
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Sub-unit Nature:

Human hemoglobin has molecular weigﬁt of 67,000, and has
four sub-units, two alpha and two beta, each weighing about 18,000.
Tub;fgx hemoglobin has a mgléculgr weight of about 3,000,000, but
sub-unit weights are not known accurately. According to J. Russell (1),
these molecular weights vary from 4 x 102 to 3,0 x’106, depehding on
the soivent, as mentioned before.

Two modern methods for study of protein are Disc¢ electro-
phoresis and DEAE-cellulose column chromatography. These are the two

methods that we have used in our study of tubifex hemoglobin.

Iron-Heme Content:

Human hemoglobin is composed of a pigment, heme, containing
iron, and a protein, globin. Human hemoglobin contains about 0.338 percent
of iron (15). Each molecule of hemoglobin céntains four atoms of iron
and four hemes.

According to W. Scheler and L. Schneiderat (13) iron: heme
ratio in tubifex hemoglobin is about 3 : 1 and according to Nakajima

and Braunitzer (3), this ratio could be much higher.



Materials and Methods:

Prebaration of Tubifex hemoglobin:

The tubifex worms were found in the banks of streams
polluted by city waste treatment plants. The worms were little
thicker than hair and about 2" long. The worms were washed until the
riﬁse water appeared free from debris and the worms looked clean.
Suffiéieqt distilled watef to cover them thoroughly was then added.
They were then frozen and thawed atlleast three times. After the last
thawing, the worms were centrifuged at 5000 RPM for thirty minutes.
This was to separate the body debris of the worms from the crude
hemoglobin solution.

The supernatent was then treated with 16 gms of gmonium
sulfate per 100 ml. of solution. The sample was then centrifuged ;t
5000 RPM for thirty minutes and the supermatent was again saved.

Enough ammonium sulfate was added to cause a precipitate
ofvhemoglobin to appear. The resulting mixture was again centrifuged
at‘5000 RPM for thirty minutes. This time, the supernateﬁt was dis-
carded. The resultant pinkish precipitate was dissolved with:a
miﬁimum of appropriate sodium chloride or buffer solution.

This solution was then dialyzed against sodium chloride or
buffer solution, depending on the solvent for the ammonium sulfate

precipitate of hemoglobin.



Measurement of Concentration:

The concentration of hemoglobin was obtained by measure-
ment of absorbance at 540 nm, usiné a molar absorbtivity of 7.20 x'lO5
1 mole”lem™l. This molar ab;orbtivity was calculated from the extinction
coefficient of 1.2 x 104 cm-lval-l at the same wavelength as given by
Nakajima and Braunitzer (3). In this extinction coefficient, Val
stands for equivalents per liter, where one equivalent is one mole of
heme or 50,000 gms of hemoglobin. In our molar absorbtivity, one mole

is taken as 60 equivalents or 3,000,000 gms of hemoglobin (9).

Oxygen Equilibrium:

The precipitate of tubifex hemoglobin was dissolved in 0.1 M
sodium chloride solution and was dialyzed against 0.1 M sodium chloride
for twenty four hours.

Oxygen gas was passed on the surface of tubifex hemoglobin
solution through the train of wash bottles (except oxygen acceptor‘re-
agent bottle), as shown in Fig. 2, for thirty minutes. The UV-VIS spec—l
trum was taken on a Beckman DB-G Spectrophotometer, Fig. 3, After the
nitrogén gas was passed through the same train of wash bottles but in-
cluding oxygen acceptor reagent bottle, for an hour to an hour and
half. The spectmmwas again taken, as shown in Fig. 4. Care was taken

during transfer of the anaerobic sample to exclude oxygen from the air.
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Measurement of the 'Bohr effect':

A forty ml. graduated cylinder (cut off 250 ml. graduated
cxlinder) was fitted with a rubber stopper through which were inserted
a pair of Beckman calomal electrodes and two narrow glass tub& as shown
in Fig. 2. The flask which contained 15 to 20 ml. of 9.30 x 10'6‘g
tubifex hemoglobin solution, was stirred gently and continuously using
a magnetic stirrer. In this way the solution was equilibrated with
oxygen or nitrogen by blowing the washed gas over the surface of the
protein solution. The calomal electrodes were connected to a Coleman
metrion IV pH meter. Additions of acid or alkali were made from a
syringe microburette fitted with a disposable pipette through polyethylene
tubing sufficient to pass through the glass tube and under the surface
of the protein solution.

At the teginning of each experiment, the tubifex hemoglobin
solution in 0.1 M sodium chloride was brought to the desired pH (usually
7.40), under oxygen. Any addition of reactants were usually made at
this stage, and the pH was readjusted to 7.40 if necessary. Thereafter
the null-point setting on the high sensitivity of the pH meter was left
uﬁchanged. The tubifex hemoglobin was now equilibrated with nitrogen
gas, the pH being kept constant by addition of 0.1 M HCl until no

further change took place.
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Complete deoxygenation takes about an hour to an hour and
half. Deoxygenation was monitored spectrophotometrically. This
-measurement was always followed By the reoxygenation of the solution
which requires only 15 to 20 minutes, and the determination of £he amount
of Q.l M sodum hydroxide necessary to maintain the pH at 7.40. Reoxy-
genation was also followed spectrophotometrically. The equivalents of
acid or alkali added divided by the moles of hemoglobin gives the Bohr

effect in protons per mole.

Disc Electrophoresis:

Polyacrylamide gel electrophoresis of tubifex hemoglobin
solutions was carried out by the method suggested by Brewer and

‘Ashworth (8).

Reaction with PCMB:

The carbon ﬁonoxide gas was passed for 15 to 20 minutes on
the surface of 7.8 x 1076 M tubifex hemoglobin, which gives HbCO.
1 ml of 3.34 mg/ml solution of PCMB was added to the 9.0 ml of

protein (HbCO) solution and was kept for overnight in refrigerator (5).

Standard diagram is shown in Fig 13.

DEAE-Cellulose Column:

10 g DEAE cellulose was washed with distilled water and

then 1.0 M NaOH solution, followed by a washing with distilled water
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until it was no longer responsive to litmus paper. Then, the -
cellulose was washed with 0.1 M HCL in acetone and rinsed with
distilled water until Again ngutral to litmus. It was then washed wih
.02 M KHoPO, buffer until rinse was at the same pH as that of the
buffer.’

The cellulose was then stirred into a slurry and carefully
po@?ed into the column. After the desired height of the cellulose
was attained, the desired (.02 M KH;PO4, pH - 8.0) buffer solution was
run through the column until the pH of the effluent was equal to the
PH of the buffer entering the column.

40 mg of protein was carefully poured on the top of the DEAE
cellulose, and was covered with about same volume of .02 M KHyPO, solution.
The buffer was changed to 0.1 M KH2PO4 + 1 M NaCl solution after the
column was run about an hour. |

Each 5 ml. fraction was collected in test tube, was analyzed

at 280 and 540 nm on Beckman DB-G Spectrophotometer.

Determination of the heme content:

The following recipe suggested by E. Antonini and M. Brunoni (11),
has been used in our experiment: 1 ml. of a solution of a heme protein, having
a1 absorbance at 0.50 - 0.01 at 540 nm, is mixed Qith 3 ml. of a solution_ '
of pyridine in NaOH (pyridine 100 ml., normal NaOH 30 ml., water to 300 ml.),

oxidized pyridine-hemochromogen which is a fairly stable compound is formed
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quite rapidly and the solution can be used a few minutes later for the
spectroscopic assay. The spectra between 600 and 450 nm is recorded
on Beckman spectrophotometer DBG, just after addition of solid so@ium
dithioﬁite (NaS204), which yields the relatively unstable reduced
pyridine hemochromogen. The complete transfer of heme from protein to
pyridine was checked by determining the absorbancy at the maximum

(557 nm) and at the minimum (525 nm) .

Determination of iron:

2.0 p1. tubifex hemoglobin plus 6.0 ml. concentrated HNOj3
and 2.0 cc. HQO,4 (1 : 1 dilution) was heated until color of solution
turned pale yellow and white fumes of HC1l0, started to come off.

After that solution was diluted with Fe free water, so dilute sample
contains 10 to 200 microgram of Fe per 10 ml. One ml. of hydroxyl-
amine hydrochloride and pH was adjusted to 4.5 with sodium acetate.
After the adjustment of the pH, 1 ml. of the O-phenanthroline reagent
was added and mixture was diluted to 25 ml., and after 10 to 15 minutes
extinction at 500 nm was determined.

A standard curve was constructed by.carrying samples of a

standard Fe solution through the same procedure.
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Results:

The oxygen equilibrium was followed by observing changes
in the light absorption in the range from 520 to 620 nm. In particular,
the peak at 575 nm was due to oxyhemoglobin. This concluéion is
.derived from the disappearance of this peak when nitrogen gas is
passed across the surface of the hemoglobin solution.

15 ml of 1.16 x 1072 M hemoglobin was put into the
graduated cylinder shown in Fig. 2, oxygen was passed across the surface
for an hour, and the spectrum was taken, as shown in Fig. 3. Nitrogen
gas was now passéd across for an hour and a half and the Spectrﬁm
again recorded, as shown in Fig. 4. The peak at 575 nm in Fig. 3
has essentially disappeared from the spectrum in Fig. 4. The cycle
.of oxygen and nitrogen was repeated (as shown in Fig. 5 and 6) to show
the reversibility of the process.

A lower concentration of hemoglobin was carried through the
same procedure, omitting the final nitrogen flushing. The spectra in
Fig. 7, 8, 9 show partial loss of the peak at 575 nm.

A very low concentration, 4.16 x 10-6 M, was run through
.the same procedure. The spectra in Fig. 10, 11, 12 provide no evidence
of loss of peak at 575 nm, and hence no evidence for loss of oxygen from

the oxyhemoglobin.
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When a very low concentration, about 4.16 x 1076 M
was run through the same procedure, oxygen was passed for an hour
and sﬁec;rum was taken as shown in Fig 10. After that nitrogenhgas
was passed for an hour to an hour and half and spectrum w;s taken .

as shown in Fig 11, which did not show any change.

Bohr Effect:

The precipitate of hemoglobin was dissolved in O.I.Q_
NaCl solution and was dialyzed against 0.1 M NaCl solution for twenty
four hours; pH was adjuéted 7.21. 25 ml of 5.49 x 10~% M hemoglobin
was taken in graduated cylinder As shown in Fig 2, and nitrogen gas
was passed for an hour. The change to pH 7.34 was recorded. 'Added
acid to maintain pH constant at 7.21 as about 0.05 ml. From that it
can be calculated that 0.38 moles of hydrogeﬂ ion were released per

molé of hemoglobin. ' This amount is best considered insigﬁificant.

Sub-Unit Nature:

Disc Electrophoresis:

The Disc electrophoresis of the original hemoglobin and
HbCO plus PCMB mixture yielded same results. There were two bands; one
was diffuse and in the middle of the gel and one small and sharp all
the way to the bottom of the gel. This would be expected if the

hemoglobin did not contain free sulfhydryl groups.
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DEAE Cellulose Column:

The concentration of the original hemoglobin was f0uﬁd to
be 42 wg/ml. The concentration of the sample from DEAE cellulose
chromatography was about 0.52 mg/ml. The percent recovery was about
12 percent.

The absorbances at 540 nm and 280 nm are plotted for each
sample in Fig 14.

When the sampie was first applied with 0.02 M potassium
phosphate buffer at pH-8, a band of color was seen to move down the
column. When the buffer was changed to 0.1 M, pH-7.15 potassium
phosphate buffer in 1.0 M sodium chloride solution, the band became
more diffuse. More color remain-on the DEAE cellulose column after
detectable amounfs of protein had ceased to come off, as it is iﬁdicated
by ghe low percent recovery.

There are two peaks at 280 nm., but only one peak at 540 nm

as shown in Fig 1l4.

Iron and Heme Content:

The iron and heme analyses were done on a solution containing
6.25 x 10-6‘H hemoglobin.

The iron content was determined to be on the average
'1.04 x 10-3 m moles Fe/ml, which is about 0.32 percent. This result
was confirmed by Atomic Absorption. Heme content was' determined to be
on the average 20 x 10~ m moles Heme/ml.

This gives an iron : heme ratio of about 5 : 1.
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Discussion:

The absorbance peaks at 540 and 575 nm, which can be seen
in Fig. 4-13, are characteristic of oxyhemoglobin and are superimposable
on the spectrum given by W. Scheler (9), indicating that the protein .
isolated was indeed the same as isolated by W. Scheler. The peak at
540 nm is a fairly constant peak for hemoglobin under different conditions,
while the peak at 575 nm disappeared when nitrogen gas was passed through,
as shown in Fig. 5. Here environment should be anaerobic.

Fig. 5 shows the complete disappearance of the peak At 575 ﬁm.
The protein concentration was about 1.3 x 1073 M. Fig. 9 shows partial
disappearance of peak at 575 mm. The protein concentration was about
9.72 x 107 M. Fig. 12 does not shown any change in spectrum. The
protein concentration was 4.16 x 106 M.

From this result one can conclude that oxygen binding is
concentration dependent. Increasing the protein concentration will
favor the dissociation of oxyhémoglobin.

The addition of the alkali or acid during reversible deoxy-
gentation was very small. This indicates that there is very small
'Bohr effect'; and agrees with the observation that‘the hemoglobin did
not react with PCMB. Both of these are consistent with the conclusion

that this hemoglobin has no or very.few free sulfhydryl groups. This result
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is different from that of vertebrate hemoglobins. From this we conclude
that mivetebrate hemoglobin polymerizes through some other interaction
than sulfhydryl groups (1).

During Disc gel electrophoresis, we obtained two bands.
This agrees with DEAE cellulose chromatography which also gave two
- peaks as shown in Fig. 14. Here we did not have enough protein from
the DEAE cellulose column to run gel electrophoresis, and to check
the result. One of these protein peaks is most likely a heme-protein,
while the other is most likely a non-heme-protein.

According to Powers (14), if there is no Bohr effect, the
protein should move towards the cathod for vertebrate hemoglobins.
This means that acrylamide gel may not be the best analytical tool
for tubifex hemoglobin, since it measures only anodic movement.

The vertébrate hemoglobins all have an Fe.:Heme ratio of
about 1, hemerythrin has no heme (7), while tubifex hemoglobin has a
ratio of Fe : Heme greater than one. This makes function of iron in
tubifex hemoglobin interesting.

The ratio of Fe:Heme is about 5:1, which 1s close to 3:1
obtained by W. Scheler and L. Schnéi&art (13) but does not agree with
the data obtained by Nakajima and Braunitzer (3). This means that

some one does not Have pure hemoglobin. It will be interesting to
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prepare hemoglobin, by some other methods and run starch gel electro--

phoresis suggested by Powers (14), and check the result.



- e0.

SRTIALCI S P¥ |

N

7 ‘64

. .*u.uw,wu - %y09

ONI AM

Y044 3720 TQ

Py




V'S NI Q3INId

| B
i V.
a © :
T -
[ r il il
a
- LJ
Y
.r_-D... l.
] |
¢ . R’ © = C ek ~ G N4
R (=) <« o (=) C < (@] C. " <
_ I
| “
1 ﬁ
e P i
;
| ERER
_ :
N
L]
— =
. N
x4
——t
- |
m T
L] ) o &
[ 5 |
] ] ._
$-1 | | P .
T _ .
4 EEn



‘¥'S'T NI Q3LINISS

| | t :
. ; t I t
_ |
j :
i ]
» ! _
I -t W
; [ A
; y
..W .
T I i
1
: =
]
e
=
= : e “ 4
_ . [ % SNy 4
11 _ * ,
T — —
B “ - | T £y Hﬁ
__ [ ! _ k “ 2 B2 B
L T I 0
_w _ J__l i Y ey 1o
TR B ; il i
1 . i = i (5 T
1 i o .l ] il | mH|-
- __ _ )
o 1 ]
il [l 1 i 1 B
i i = t o 0. i
LI___ i T 5 i i DNk il -
Lvl.l ._ _ of ! ﬂ.lr.
s | | 1 { I Pt _|.
L p) __ _ [
. | [ 1 _...m.wr
{ " - L i R
i T i [ 1 10 X0 D 25 ) [ [ TJH._Iw
- ] | _ T ER o
[ JI% * T —_ o | | |
1] i “ 1 ! 1.1 | T o e b
[ 1 i | I R ™ i 1
u_ | . _ T _ 4_ ~ ] “I_JJ-
I : [ f ( q i i 0
Il | i vl i |  [lgE:
_ _ * i _ 2 r 4 0 4




L0

I nH T ._ * “
i |
I [
] :
i
“ —_t .
! S !
i P —
. ] I
] Ll
! i
i :
|
| I B
& 1l
: |
ot
L ey im‘..v
| o
we I i
+ i I e mh.__m. ~] &.. T
TR b L~ 3 < : ﬁm [ ] ﬂv+. _ <
| T - 1 i A
T+ MEmmEN 2 e
“ —— | ¥ T _Ll._a
- L
| N S
T ___ |
i ) B e
A B | Bt
.. e . I
] 1 e |
- = 1t
i LN
i
- i
i
- - !
o 5 I
= ﬂ .
| ]



£0

) ]
| |
1 M . m.l
1 _ _ ~
(il T
- | - |
; H i J...mh.uvuw.-
| | 1
o H
) WY L]
-+ J -
o B | o ]
I %
& |F |
a . -l
_ 23 Brefs
By -4
| M :
e m ¥ JT:W
. (=] * ! i a
(=) : i N M:u_ <
T E % §
P«H TN |G
] T | b
M
_Y B i
5
N
|_]
E
3 o ;
T I ! | )
1 1 A m q. I_lul _




9

40

n
L*

Cl

0Z

OE-

(0%

0%

04

ol !
LY A"

—

o 20

T I AaL

9

N

.

—t—

Fi9. q



40,

|

)

A

al
CZ:
ag
O

el
O

09
0/

(rad)

_'r__..

Fig. 8.



0Z

L

ot

O
CP

04
03

Lin

'lU

4

L

411

11

F13. 80.



21

[] i [ r PR :
! 1 | | o
| | —. .ﬂlLl. N h.‘r
[ _IF F
_ T ¥ ' w. . 1\..! L
[ i o |
u .s R
A\ a
] \ ?T
| “ N
; \
_ | A
i (L] i | ”m
7 T T T | A
- - m w < _ I \m \
i I \ ol
L | i f i1l
: | ! ITTRIT
: s e R _ LA i 1
B T < O O R n 1M
T i A0 . o i
i 1 - ml.. x ‘/;ﬁw
ekt .fl.!
e M R e/ (.
M > = e o A I nEm L
Wil e ERE ]
: : i
- i _ I[_ll; A — -
; Lt
5 . o &5 B Yy Sl X bossih
> i o5 TR [} () (=) Lacs 1]
o H ke NARFIY
i ._|1_
m R 2 \
SN (i R ;
i \ JWM
HHEH ST
' 3 - | l'l&ﬁ
M R |
i " _ ¢




QT

(] Ik | |-l I 1 I ] | ! L
W Il A (37 i Lo~ ~ (32 -1 L oLl
> o fe) /) o o T ! S
3
| o~ 1¥ WD
_ uy; -]
o s, 00 1
i B
- vt |
! By
= A
[y - ma ¥ i B
~ ™ i i
i - ]
! ot L L T
1 \.”_u\ | ol
o { b
; ] _ = ] N “1;_1
: i
, - O 0 48 %
_ i
-I;-@
| o AR 10 |
= i - _ i O T
| 11 | | (e
| ] 0 5
i i A_
I i 2
: i M
1 Ttﬁ . ey —
a % L N8 2 il
i
T & & |
! nn sl - —t ] .._,|_.|
y i i 8
1
] | |—I._rl|l~
— - 4 l.“”.“lll il -
] N
i I ! |

£eCi0l "ON 15¥d NVYIWXD30 ¥30¢05:

Fis. 141



—

| one b

Q558

s | ®
_q_ml.._-_i
[ 0
_.v.*ﬁ e | — !

el R i
o ai T (O i

_ T . i !

i = B 1 i

R RRE AR
ST
| PN

|
F
-t

50

3 _r!li o

T T ’
o | AT L
! AT L2
A7 A BN W B
S lq]_ h‘. —y—p -

T

it

W

VSN YINYOLIIVD 'NOLE3TING "IN

Fiy.12 |



UPPER
BUFFER
CPR ¢.3)

Negative
electyode

—
e I T e —

@ RS = 0-Q0Q2sM = TR

YW ANVE = O O0Iz M
GLYCINE® = o004 M

UPPER GEL
(pH 6-9)
LewizR GelL
(PH ¢9)

- —— —

TRIS - PHOSPHATE BGFFER

Ay

TRIS = 006 ™
TRYS = o 315 ™M
CLORIDE - O0-@6 M

— — — —

ELECTROD
bLFFER

\

i :
POSI\TIVE
FLECTRODCE

Io

MIC CcoMPosiTioWW OF

THE "STAVDARD " gysTEM

Fvg. 193

31



B S e ST S

D 5 0 M

el

vl
> b

-

I

¥
I.,-]_ -
pomr =

R

180, 50 8

= -, 1 o =
e efonacey

.1:

|

P

e

9 31 B 35 '31

v

=S S T W l_A._.‘_.-_'.....'_. PSS S ORI, 3 =

Moy P

q a3 LS 2

>

s

i 8 oS



3%

Bibliography:

(1)
(2)
(3)

(4)

(13)

(14)

(15)

J. Russell and J.M. Osborn, Nature 220, 1125-1127 (1968)
Austin Riggs, Nature 183, 1037-1038 (1959). '

Nakajima H. and G. Braunitzer, Hoppe-Seyler's Z. Physiol.
Chem. 348, 1-8 (1967).

Reinhold Benesch and Ruth E. Benesch, Journal of Biological
Chemistry 236, 405-410 (1961).

Enrico Bucci and Clara Fronticelli, Journal of Biological
Chemistry, 240, PC551-PC551 (1965).

Eraldo Antononi, Science 158, 1417-1421 (1967).
G.L. Klippenstein, Biochemistry 11, 372-379 (1972).

John M. Brewer and Raymond B. Ashworth, Journal of Chemical
Education 46, 41-45 (1969).

W. Scheler, Biochemische Zeitschrift 332, 366-375 (1960).

R.M. Decoursey, The Human Organism, 289-290 (1961)

Second Edition, McGraw-Hill, New York, Publisher.

E. Antonini and M. Brunoni, Hemoglobin and Myglobin In Their

Reactions with Ligands, 10-11. Amsterdam, North-Holland Pub. Co.(1971)

Methods in Ensymodogy III. Edited by Sidney P. Colowick and
Nathan 0. Kaplan, 1017-1018. Academic Press Inc., Publishers,
New York (1957). .

W. Scheler and L. Schneiderat, Acta Biol. Med. Germ, Bandj,
Seite 558-597 (1957).

Dennis A. Powers, Science 177, 360-362 (1972).
George H. Bell, J. Norman Davidson and Harold Scarborough,

Text Book of Physiology and Biochemistry, Sixth Ed. 418-420.
Academic Press Inc., New York’(1965). :



Name:

Permanent Address:

Degree and Date
to be Conferred:

Date of Birth:
Place of Birth:

Secondary Edu-
cation:

Vita

Vora Lalitchandra Vrajlal

c¢/o M.K. Vora & Co.
Tobacco-Merchant

Main Bazar, Dhoraji (Gujarat), India

M.S. (Chemistry)
November, 1972

June 27, 1949

Dhoraji, India

Matriculation from the Shri B.H. School

Dhoraji, India, March 1964

Collegiate Institution Attended Date Degree

Date of Degree

Gujarat University 1965 8 o
¢ 5" 1969 aRes
Eastern Illinois University 1970
: M.S.
1972
Major: Biochemistry
Minor: . Physiés
Positions Held Date
‘Graduate Assistant Sept. 1970-
May 1971
Graduate Assistant Dec. 1971-
May 1972

~ June, 1969

November, 1972

Institution

Eastern Illinois
University

Eastern.Illinois
University



	Eastern Illinois University
	The Keep
	1972

	The Hemoglobin of Tubifex tubifex
	Lalitchandra Vrajlal Vora
	Recommended Citation


	A9R1709zin_2xhd6f_o4.tmp

