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ABSTRACT 

Title of Thesis·: .The Hemoglobin of Tubifex tubifex 

Lalit ·v. Vora, Master of Science, 1972 

Thesis Directed By: Dr . C .  Dan Foote 

The hemoglobin of Tubif ex tubif ex is found in solution 

in the blood of the worm in cells as in vertebrates. The binding of 

oxygen to the hemoglobin can be followed spectrophotometrically. A peak . . 

of absorbtion at 540 nm is fairly constant under different condition> 

while a peak at 575 nm disappears from the spectrum when oxyg.en  is 

removed. The hemoglobin contains heme, non-heme iron and protein •. 

Binding of oxygen to the hemoglobin was found to be 

de-pendent on the concentration of the hemoglobin, at low co'ncentrations 

(4.16 x 10
-6 

M), oxygen could not be removed from the hemoglobiµ. 

-6 . 
Only at the higher concentrations (9. 72 x 10 M and above) could 

the oxygen removed. Direct measurement of the Bohr e ffect (by titra 

tion in a NaCl solution) gave a very small, essentially negligib'le 

value. Acrylamide gel electrophoretic analysis of react ion 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 eol\l'lln 1xhibited ibiorptien �t S40 mn 3nd i§ mgat lik@ly 3 

hemoprotein, while the other did not absorb at 540 run 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 t o  attach oxygen molecules and 

to hold them in a loose chemical combination known as oxyhemoglobin� 

As the blood passes through a capillary network in the thin air sacs 

of the lungs, oxygen enters into a loose chemical combination w:ith 

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 in aJJii1ibians, 

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 

5 . 6 molecular weight range from 4 x 10 to 3 x 10 , which depends on the form 

of the hemoglobin and which is a greater.molecular weight than that 

of vertebrate hemoglobin (1). 
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When the protein is prepared by the method suggested, 

by W. S cheler (9), followed by dialysis to remove ammonium sulfate, 

the resultant aqueous soluti�n contains an oligomeric hemoglobin 

which is in equilibrium with the various mongmer�, dimers etc. 

The oligomer : monomer ratio is highest in' distilled water, .diminishing 

with increasing ionic strength in solution of sodium chloride and 

sodium p�ospate. 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 hemoglobi?· 

Although tubifex hemoglobin has the absorption spectrum of a typical 

hemoglobin, it more closely resembles the hemocyanins of arth�opods 

and mo·llusks 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· (l). 

This study was planned with several purposes: to see the 

equilibrium of oxygen with tubif ex hemoglobin, to measure the 

'Bohr effect'; to study subunit character; as well as to measure 

the iron and heme content of tubif ex hemoglobin. In the work reported 

here, the tubifex hemoglobin has been prepared by the method suggested 

by W. Scheler (9). 
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Oxygen Equilibrium: 

The amount of oxygen (or carbon dioxide) the blood will 

hoid 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: 

I 

On exposure to molecular oxygen, ferrous hemoglobin binds 

the gas in a ratio of one oxygen molecule per heme iron unit. The 

binding of oxygen by hemoglobin is reversible and may be studied by 

variations in the UV-VIS spectrum (6). The reaction of hemoglobi� 

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 �he 

function·of hemoglobin is i·ts reversible dissociation of protons 

which accompanies its binding of oxygen. This ·oxygen linked ionization, 
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which is commonly referred to as 'Bohr effect',_ results in the. libera-

tion of about 2.7 protons per mole, when human hemoglobin i� oxygenated 

at physiological pH (4). Hemoglobin molecules have four iron .atoms and 

it .must take up four molecules of oxygen when saturated, as shown QY 

the following equation: 

II 

A·different 'Bohr effect' occurs in the region of pH 5 . 50, at which. 

oxygenation is accompanied by absorption of one proto� per 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 dioxid.e 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 elephant to· 

mouse, the smaller the animals the greater is the sensitivity of· the 

oxygen e'quilibrium 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 ntmlber of mercuric ions 



bound to the hemoglobin is directly proportional to the number of· 

su�fhydryl groups in the protein. The extent of the 'Bohr effectt 

plotted. against the ions of Hg+2 bound by hemoglobin produces a 

5 

st r�i�ht l!n�- as sh9wq in Fi�· l, tpu� the '�gh� �ffect' i$ g!�@�tly 

propO!tional to the free sulfhydryl groups of the hemoglobin. In 

other words, with a hemoglobin that exhibits no ' Bohr effect', we 

expect to find no or very few sulfhydryl groups. In passing note that 

myoglobin (muscle hemoglobin) exhibits no or very s mall ' Bo hr effect', 

apparently because there are no or very small number of s ulfhydryl group 

in that heme protein. 
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Sub-unit Nature: 

Human hemoglobin has molecular weight of 67,000, and has 

four sub-units, two alpha and two beta, each weighing about 18,000. 

T�9it�x h��o�lgbin qas a mgl�cq!9r w�ight 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 105 to 3.0 x
. 

106, depe�ding on 

the· solvent, as mentioned before. 

Two modern methods for study of protein are Dise electro-

p horesis and DEAE-cellulose column chromatography. These are the two 

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

Iron-Heme Content: 

Human hemoglobin is composed of a pigment, heme, containing 

iron, and a protein, globin. Human hemoglobin contains about q.338 percent 

of iron (15). Each molecule of hemoglobin contains 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: 

Preparation of Tubifex hemoglobin: 

The tubifex worms were fpund in the banks of streams 

polluted by city waste treatment �lant�. The worms were little . 

8 

" 
thicker than hair and about 2 long. The worms were washed until the 

rinse w·ater appeared free from debris and the. worms looked clean. 

Sufficient distilled water to cover them thoroughly was then' added. 

Th�y were then frozen and thawed at least 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 cilftl?nium 

sulfate per 100 ml. of solution. The sample was then centrifuged at 

5000 RPM for thirty minutes and the supernatent was again saved. 

Enough ammonium sulfate was added to cause a pre·cipitate 

of ·hemoglobin to appear. The resulting mixture was again centrifuged 

at 5000 RPM for thirty minutes. This time, the supernatent was dis-

carded. The resultant pinkish precipitate was dissolved with· a 

minimum of appropriate sodium chloride or buffer solution. 

This solution was then dialyzed against sodium chloride or 

buffer solution, depending on the s,olvent for the ammonium sulfate 

precipitate of hemoglobin. 
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Measurement of Concentration: 

The concentration of hemoglobin was obtained by measure­

ment of. absorbance at 540 nm, us in� a molar absorbtivity of i. 20 x. 105 

1 mol�-l·cm-1. This molar absorbtivity was calculated from the extinction 

coefficient of 1.2 x 104 cm-lva1-l at the same wavelength as given by 

Nc:kaj ima and Brauni tzer (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 

fo'r twenty four hours. 

Oxygen gas was passed on the surface of tubif ex hemoglobin 

solution through the t.rain of wash bottles (except oxygen accepto r  re­

agent bottle), as shown in Fig. 2, for thirty minutes. The UV-VIS spec­

trum.was taken on a Beckman DB-G Spectrophotometer, Fig. 3, After the 

nitrogen 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 spectll.lmwas again taken, as shown in Fig. 4. Care was taken 

dur�ng 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 

cylinder) was fitted with a rubber stopper through which were inserted 

� p�i� gf ���k�n ·galom�l �l��tro4g$ �nd. tw9 ����9w gla�s tube§ �� shqwn 

in Fig. 2. The flask which contained 15 to 20 ml. of 9.30 x 10-6 M 

tubifex hemoglobin solution, was �irred 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 surf ace 

of 'the protein solution. 

At the hginning of each experiment, the tubif ex hemoglobin 

solution in 0.1 M sodium chloride was brought to the desired pH (usually 

7. 40), tmder oxygen. Any addition of reactants were usually made· a.t 

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 

unchanged. 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. 



11 

Complete deoxygenation takes about an hour to an hour and 

half. Deoxygenation was monitored spectrophotometrically. This 

·measurement was �lways followed by the reoxygenation of. the sol�tion 

which·requires only 15 to 20 minutes, and the determination of the amount 

of �.l M sodi.lm 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 monoxide gas was passed for 15 to 20 minutes on 

the surface of 7.8 x lo-6 M tubifex hemoglobin, which gives Hba:>. 

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 dis tilled· water· and 

then 1.0 M NaOH solution., followed by a wa'shing 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 

dis.tilled water until again neutral to litmus. It was then washecfwih 

. 02 M KH2P04 buffer until rinse was at the same pH as that of the · 

buffer.· 

The cellulose was then stirred into a slurry and-carefully 

poured into the column. After the desired height of the cellulose 

was attained, the desired (.02 N KH2P04, pH - 8.0) buffer solution was 

r� 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 KH2Po4.solution. 

The b"uffer was changed to 0 .1  M KH2P04 + 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 

alabsorbance at 0.50 - 0.01 at 540 nm, is mixed with 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 



quite rapidly and the solution can be used a few minutes later for the 

spect roscopic assay. Tile spectra between 600 and 450 nm is recorded 

on Beckman spectrophotometer DBG, just after addition of solid sodium 

dithionite (Na2S204), which yields the relatively �nstable reduce4 

pyridine hemochrotl¥)gen. 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 ml· tubifex hemoglobin plus 6.0 ml. concentrated HN03 

and 2.0 cc. HCl04 (1 : 1 dilution) was heated until color of solution 

turned pale yellow and white fumes of HC104 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 0-phenanthroline rea"gent 

was added and m:f,.xture 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. 



14 

·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 conclusion i� 

. derived from the disappearance of this peak when nitrogen gas is 

passed across the surface of the hemoglobin solution. 

1 5  ml of 1.16 x 10-5 M hemoglobin was put irito 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 w�s now passed across for an hour and a half and the spectrum 

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. Tile spectra in 

Fig. 7, 8, 9 sh�w partial loss of the peak at 575 nm. 

A very low �oncentration, 4.16 x lo-6 M, was run through 

.the same procedure. The spectra in Fig. 10, 11, 12 provide no evidence 

of loss of pe�k at 575 nm, and hence no evidence for loss of oxygen from 

�he oxyhemoglobin. 
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Wh�n a very low concentration, about 4.16 x 10-6 M 

was run through the same procedure, oxygen. was passed for an hour . . 

and spec�rum was taken as shown in Fig 10� After that nitrogen gas 

was passed for an hour to· an hour and half and spe�trum was ta��n · 

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

Bohr Ef.fect: 

fhe precipitate of hemoglobin was dissolved in 0.1 M 

NaCl·solution and was dialyzed against 0.1 � NaCl solution for twenty 

four hours; pH was adjusted 7.21� 25 ml of 5.49 x 10-4 Mhemoglobin 

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 hydrogen ion were released per 

mole of hemoglobin. ·This amount is best considered insignificant. 

Sub-Unit Nature: 

Disc Electrophoresis: 

Tile 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 Col\lllln: 

The concentration of the original hemoglobin was found to 

· be 42 mg/ml. The concentration of the sampl� from DEAE cellulose 

chromatography was about 0.52 mg/mi. 'nle percent recovery was about 

·12 percent. 

The absorbances at 5q0 nm and 280 nm are plotted for each 

sample in Fig 14. 

When the sample 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 amounts of protein had ceased to come off, as it is indicated 

by the low percent recovery. 

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

as shown in Fig 14. 

Iron and Heme Content: 

The iron and heme analyses were done on a solution containing 

-6 6.25 .x 10 M hemoglobin. 

The iron content was determined to be on the average 

1.04 x io-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 10-5 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 superimpos8:ble 

on the spectrum given oy W. Schelet (9), indica.tins 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 run 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 nm. 

The protein concentration was about 1.3 x 10-5 M. Fig. 9 shows partial 

disappearance of peak at 575 run .  The protein concentration was about · 

9. 72 x 10-6 M. Fig. 12 does n.ot shown any change in spectrum. The 

protein concentration was 4.16 x 10-6 M. 

From this result one can conclude that oxygen binding is 

conceritrati ·on dependent. Increasing the protein concentration will 

favor the dissociation of oxyhemoglobin. 

The addition of the alkali or acid d�ring 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 �CMB. 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 herooglobins. From this we conclude 

thattlvetebrate hemoglobin polymerizes through some other interaction 

than sulfhydryl groups (1). 

D�ring Disc gel electrophoresis, we obtaine4 two ban�s. 

Tilis 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 likeiy a n on-heme-protein. 

According to Powers (14), if there is no Bohr effect, the 

protein should move towards the cathod for vertebrate hemoglobins. 

Tilis means that acrylamide gel may not be the best analytical tool 

for tubifex hemoglobin, since it measures only anodic roovement. 

Tile vertebrate 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 �han one. Tilis makes function of iron in 

tubifex hemoglobin interesting. 

Tile ratio of Fe:Heme is about 5:1, which is close to 3:1 

obtained by W. Scheler and L� Schneidart (13) but does not agree with 

the data obtained by Nakajima and Braunitzer (3) . This means that 

some one does not have pure herooglob
.
in. It w.;t.11 be interesting to 
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prepare hemoglobin, by some other methods and run starch gel electro-· 

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