
377

6I2. III.II

ON THE OCCURRENCE OF TWO KINDS OF
HAEMOGLOBIN IN NORMAL HUMAN BLOOD.

BY R. BRINKMAN, A. WILDSCHUT AND
A. WITTERMANS.

(From the Biochemical Laboratory, Groningen, Holland.)

(Received November 6, 1933.)

IN the fifth chapter of Barcroft's book on haemoglobin he discusses its
specificity, and suggests the possibility of more than one haemoglobin in
the same blood, the differences being located in the globin part of the
molecule. The curious change in "span" (i.e. the distance between the
bands for oxy- and CO-hsemoglobin) in the blood of the same rabbit makes
B arcr oft put the question, "Why and how should the globin of a rabbit's
h&emoglobin alter on haemorrhage? "

In limiting the problem to the unity and variability of hamoglobin
in one kind of blood, especially in human blood, we find that most
methods of research on the specificity of h&-moglobin are not sensitive
enough to detect the presence of, say, 10 p.c. of a modified hamoglobin
in 100 p.c. total. Only the estimation of the so-called alkali resistance,
which gives enormous differences in blood of different species, might be
sensitive enough. This paper describes the photo-electric measurement
of the rate of denaturation of human h8Bmoglobin at pH about 12, as a
means of differentiation between more than one kind of pigment in the
same blood.

METHOD.

Von Kruger [1888, 1925, 1927], who first studied the rate of h&-mo-
globin denaturation in alkaline solutions ("Zersetzungszeit"), added
1/5 vol. N/4 NaOH to the solution of hemoglobin and measured the time
from this moment to the visual disappearance of the typical absorption
bands. In this way he found the very large differences in "Zersetz-
ungszeit" in the haomoglobin of mammalian species, for instance for
human blood 1 min., for rabbit's blood 30 min., for horse blood 80 mim.,
for ox blood 24 hours. A more exact study was made by Haurowitz
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[1929], who measured the rate of extinction in the region of the P bands
(538-544) and also in the a region (572-580) by means of the spectro-
photometer.

For production of the alkaline reaction he used the same process as
von Kruger, viz. the addition of 1/5 vol. N/4 NaOH.

Fig. 1. Effect ofpH on rate of alkali denaturation at 19.60 C. Vertical axis: log percentage
unchanged haemoglobin in total mixture; horizonta4 axis: time in minutes. (I)pH 12*12;
(II) pH 11'89; (III) pH 11V66; (IV) 11-55.

The sensitivity of this method is very much dependent on the in-
vestigator's experience, and on the time which may be taken for each
determination. In our opinion it will be difficult to estimate a decrease
in extinction, smaller than that corresponding to a 2 p.c. change of
oxyhaemoglobin to globin haemochromogen. For our purpose we have
tried to combine a good sensitivity with the exclusion of the subjective
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factor, by using a photo-electric arrangement, and by keeping the con-
ditions which govern the speed of reaction sufficiently constant.

The two factors on which the rate of alkali denaturation of a certain
type of haemoglobin is dependent are (a) the concentration of OH ions,
and (b) the temperature.

Fig. 1 shows the influence ofpH on the rate of denaturation at con-
stant temperature. The haemoglobin was obtained from a human blood,
which did not contain more than 5 p.c. of the resistant form of hTemo-
globin (to be described later). The ratio's log conc. HbO2: time are
straight lines for about 80 p.c. completion of the reaction.

The solution of oxyhiemoglobin was made, by diluting oxalate blood with 0-15N
Na2HPO4 solution, containing 1 p.c. of saponin, the final concentration of haemoglobin being
1-36 p.c. This solution was centrifuged till it was quite clear and put into the absorption
vessel of 1 cm. transverse diameter. The alkali denaturation was started by injection of
1 c.c. NaOH of various concentrations, by means of a precision syringe.
A special set of experiments showed that the described procedure enabled us to place

the oxyhaemoglobin quickly in a medium of known and sufficiently constant pH; pH in each
experiment was determined by the bubbling hydrogen electrode. Great care was taken to
keep change of temperature in the reaction vessel within 0.10 C.

The temperature coefficient of protein denaturation being in many
cases very large [Pauli, 1933], it is not surprising that a slight change in
temperature has a definite effect on the rate of formation of globin
haemochromogen. In our experiments the temperature did not change
over more than 0-10 C. in each measurement, although differences of
temperature between separate experiments may be larger.

THE COLORIMETRIC ESTIMATION OF THE RATE OF CHANGE OF OXY-
HAEMOGLOBIN TO ALKALINE GLOBIN H.EMOCHROMOGEN.

We used two methods, a bicolorimetric estimation without standard
solutions and a photo-electric determination with calibration by means
of known mixtures of HbO2 and globin haemochromogen.

The second method being the more exact one, it was solely used later
on, although the bicolorimetric procedure too can give the rate of de-
naturation with sufficient sensitivity and may be briefly described for the
use of those who wish to make analogous measurements.

Human, haemolysed blood, containing 2.78 mg. Hb per c.c. was saturated with pure CO,
made very clear by centrifugalization and divided in 3 x 5 c.c. in test-tubes A, B and C.
Carboxyhwemoglobin is used, because its change on alkaline denaturation gives the most
pronounced change in colour; the same observation has been made for the bicolorimetric
determination of methaemoglobin [Clark, 1933]. To A is given 5 c.c. buffer solution so that
the reaction is fixed at pH 12x00 at 180 C.; the tube is then placed at 370 C. for 15 min.,
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the oxyhsemoglobin is thereby completely converted into the darker denaturation product.
After addition of 5 c.c. distilled water to B, 5 c.c. of A and of B are filled in the lower and
upper right cups of the colorimeter. C is placed in a 250 C. bath, together with a tube,
containing 5 c.c. of the alkaline buffer solution. The contents of these two tubes are then
quickly mixed and poured into the left colorimeter cup, fixed at 4 cm. distance and having
a constant temperature circulating water jacket. From this moment the stopwatch is
started, and colours are matched by making suitable optical mixtures ofA and B, the total
depths of liquid at both sides remaining 4 cm.

The best light for sufficient sensitivity was obtained by illuminating a piece of paper,
brilliantly painted in the complementarycolour ofcarboxyhiemoglobin, bya powerful Liese-
gang globoscope and sending the reflected light directly through the colorimeter cup; the
light was turned off between measurements. The bicolorimeter readings are directly propor-
tional to the amount ofoxyhimoglobin in total pigment; the method will indicate a change
of about 3 p.c. of conversion. The results obtained were similar to those given by the
photo-electric method which will now be described.

A method, suitable for our purpose, must be capable of distinguishing
quantitatively between, say, a mixture of 95 p.c. globin haemochromogen
and 5 p.c. oxyhaamoglobin and a mixture of 94-5 and 5-5 p.c. respectively.
We were not able to obtain a suitable monochromatic light of sufficient
strength, but use a CuSO4 filter, which cuts off the extreme red, which is
not absorbed by globin hemochromogen and to which the selenium cell
is rather sensitive.

A 1000 c.p. Pointolite lamp is connected in series with an extra re-
sistance and galvanometer; during the measurement an assistant regu-
lates the current continuously at exactly 3 amp., which ensures sufficient
steadiness of illumination and discards with the necessity of a differential
method. An 8-0 lens concentrates the light on the surface of a selenium-
oxyde "Sperrschicht" photo-electric cell, after it has passed through a
CuSO4 filter and the hEemoglobin solution (20 mm. of a 1-2 p.c. CuSO4
solution). The selenium cell is connected in series with an E.M.F. of
300 mv. and a 10,000 ohm fixed resistance; the drop in potential over this
resistance is measured by a Cambridge electrostatic valve potentiometer.

The sensitivity of this arrangement is seen in Fig. 2; for our purpose
the most important change is that from 90 p.c. globin hsemochromogen
and 10 p.c. oxyhaemoglobin to 100 p.c. of globin haemochromogen. This
gives for a 1-0 p.c. solution of human oxyhiemoglobin a drop of 28 mv.,
with an accuracy of at least 1 mv.; for the change from 80 to 100 p.c.
globin haemochromogen the drop is 61 mv.

If the concentration of haemoglobin is doubled, the drop for the last
10 p.c. of the native pigment is only 20 mv., because the total absorption
of light is too large. For this reason the best way is always to start with
the same concentration of oxyhmmoglobin, and to use the calibration
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curve for this concentration. If the percentage of oxyhemoglobin differs
more than 10 p.c. from this, a corresponding, separate calibration curve
is wanted. One experiment will now be described.

3 c.c. oxalate blood from the finger, containing 16-8 g. of hsemoglobin
per 100 c.c. were delivered in a 50 c.c. volumetric flask, containing
0-15N Na2HPO4 and 1 p.c. of saponin, so that the total volume was
50 c.c. After 5 mi. this solution was put into a very efficient small centri-
fuge, so that a very clear liquid was obtained. The 1000 c.p. Pointolite
lamp had already been alight for 10 min. at 3*0 amp.; the drop in potential
over the 10,000 ohm fixed resistance was 835 mv. with an accuracy of
0 5 mv. when the absorption cuvette was filled with water; the same
drop with darkened selenium cell was 117 mv.

10 c.c. of the prepared solution were delivered in the 10 mm. absorp-
tion cuvette; the E.M.F. over 10,000 ohm was then 710 mv. Temperature
was regulated by circulation of water around the circular, metal side-wall
of the absorption cuvette; in this experiment the temperature in the
cuvette during the reaction was 18 ± 0.04° C. 1 c.c. of 0-9N NaOH
solution was injected into the filled cuvette by a calibrated tuberculin
syringe, and well mixed by repeated suction and pressure. The stopwatch
was started at this moment, and the decreasing E.M.F. over 10,000 ohm
was determined every 30 sec. The potentiometer used was the new Cam-
bridge electrometer valve potentiometer. Afterwards the reaction of the
solution in the cuvette was determined by the bubbling hydrogen
electrode at pH= 11-86.

Calibration.

After completion of denaturation in the cuvette the reaction was ad-
justed to about pH 8 by addition of 0 5 c.c. normal acetic acid. This may
cause a precipitation of the denatured hsemoglobin, which re-dissolves at
once when it is well mixed. A too gradual neutralization, for instance by
C02 bubbles, may cause a true partial reversion of denaturation [Anson
and Mirsky, 1931]. If one accounts for the dilution, caused by addition
of 0 5 c.c. of acetic acid to 11 c.c. of globin haemochromogen, the absorp-
tion in the cuvette has not changed by the partial neutralization.

Mixtures of the denaturated solution atpH 8 with the original solution
of oxyhlemoglobin (diluted accordingly from 10 to 11.5) are now prepared
by adjusting the amount of denatured haemoglobin at pH 8 to a volume
of exactly 10 c.c., and by exchanging 1 c.c. of it for 1 c.c. oxyhemoglobin
solution, and so on. The calibration curve, giving the relation of the per-
centage of unchanged oxyhaemoglobin in total pigment to drop in E.M.F.
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over the 10,000 ohm resistance is seen in Fig. 2. The calculation of the
rate of denaturation in percentages of unchanged oxyhsemoglobin from
the observed drop in millivolts is made by this corresponding calibration
curve.

Results.
The constant result of the examination of human oxyhsemoglobin of

normal persons, aged 7-50 years, is the fact that the reaction first pro-
ceeds rapidly, then more slowly. If we make the assumption that there

m v, log./
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Fig. 2. Rate of alkali denaturation of the hemoglobin of R. B., in 1.0 p.c. solution. Descrip-

tion in text, p. 384. I. Observed drop in millivolts. II. Calibration curve. III. Log
percentage of unchanged C,,+C2. IV. Extrapolation of C.. V. Log C,. Vertical axis,
millivolts and log percentage unchanged haumoglobin. Horizontal axis, time in minutes
and percentage unchanged haemoglobin (for II).

is no appreciable change in pH value, or other secondary reactions affect-
ing the velocity constant during the course of the main reaction, the
diminution in the reaction velocity may be attributed to the existence of
a resistant form of haemoglobin. Control experiments show that the
change in pH is negligible. In an experiment similar to the one described,
thepH was determined every minute by the bubbling hydrogen electrode;
1 min. after the addition of 0-9N NaOH 1 c.c. pH was 11-83, 1 min. later
11-82, 2 min. later 1182, 4 min. later 11-81, 6 mi. later 11*80, 10 mm.
later 11*79, 15 m . later 11-79, 20 ri. later 11*79.
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In Table I and Fig. 2 the result of the experiment described is
analysed from this point of view. Calculations are made on the assump-
tion that the haemoglobin was composed of two kinds, with different rates
of denaturation, the concentration of the type with the largest resistance
against alkali denaturation being C2, and of the other form Cl. Experi-
mentally found is the amount of C0 + C2 which is not denatured after a
given time; the logarithms of these concentrations, plotted against time,
show that from 12 min. after the beginning of the reaction the points
fall on a straight line. This is interpreted as the monomolecular denatura-
tion reaction of C2, and extrapolation of log C2 to t= 0 gives 12-8 p.c. as
the initial concentration of C2. Subtraction of the extrapolated corre-
sponding values of C2 from C1+C2 gives the true rate of denaturation
of C0, which also seems to proceed as a monomolecular reaction.

In Fig. 3 a number of determinations on the haemoglobin of R. B. are
collected; pH and temperature during each experiment were constant
but varied slightly in the separate examinations, as it is recorded in the
legend. The denaturation velocity of C0 is not designed here, but it was
represented by a straight line in each case. Our interpretation is that the
alkali denaturation of human oxyhaemoglobin is going on as two mono-
molecular reactions with different velocity constants. The values of these
constants can of course be calculated, but the main object of this paper
is the demonstration of the existence of two kinds of haEmoglobin in
adult human blood. It is seen, that in the blood of R. B. the log of the
concentration of the resistant form is found between 0 93 and 1-3, giving
the amounts of resistant hsemoglobin as 8*5 to 20 p.c. of the total
amount.

In the blood of other persons the results were quite similar, with a
tendency in children to show higher values for the resistant form. The
examination of the blood of the umbilical vein in new-born children is
described by lines A and B in Fig. 3. In confirmation of former researches
[von Kiruger, 1927; Bischof, 1926; Haurowitz, 1929] the amount of
resistant haemoglobin in neonati is about 80 p.c. (similar determination in
six cases).

Hemoglobin of normal rabbit's blood, and the blood of horse, pig and
ox, examined in the same way, but at pH 12.50-pH 13 has always given
one straight line, indicating the presence of only one kind of heemoglobin.
How this may be altered in experimental anaemia is a subject under
research now.

Checks have been made with known mixtures of haemoglobin of adults
and of new-born children. A typical example is given in Fig. 4. Here,
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line I gives the rate of denaturation of adult hlmoglobin (pH 12-20,
t 17.70 C.), line II the rate of denaturation of new-born's haemoglobin at

Fig. 3. Rate of alkali denaturation of the hiemoglobin of R. B., in 1-0 p.c. solution:
I. Sept. 4, 1933. pH= 11-80, t= 18-20 C.

II. ,, 5, ,, pH= 11-80., t= 18-0° C.
III. ,, 10, ,, pH= 11-80, t= 17-2' C.
IV. ,,14, ,, pH= 11f86, t=18-6' C.
V. ,,21, ,, pH= 11-84, t= 18-5° C:.
VI. ,,28, ,, pH=11-84, t=18-8' C.

A. Haemoglobin in 1 0 p.c. solution of new-bom child pH= 12-00, t= 190 C.
B. Haemoglobin in 1 0 p.c. solution of new-born child pH= 13-00, t= 190 C.

Vertical axis, log percentage unchanged haemoglobin; horizontal axis, time in minutes.

the same pH and temperature, and line III the denaturation velocity of
a mixture of 80 p.c. of I and 20 p.c. of II. It is seen that I indicates the
presence of 7-1 p.c. of the resistant type, II gives 93 p.c. of this kind of
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hiemoglobin and from III 19.2 p.c. is found; calculation from I and II
gives 18*6 p.c. Further, it is seen that one cannot say that the resistant
type of adult human haemoglobin and the new-born's human hsamoglobin
are identical. It must be the object of a further study to compare the
velocity constants of denaturation of various human haemoglobins of
normal and pathological cases more carefully. In this paper the de-
monstration of two kinds of haemoglobin in human blood was intended.

20

1-2

0-6-

0.4

0-2

5 10 15 zo25

Fig. 4. Denaturation rates of adult hsomoglobin (I), new-born's hsemoglobin (II), and of
a mixture of 80 p.c. I and 20 p.c. IIL Description in text (p. 385). Vertical axis, log
percentage unchanged hsemoglobin in total mixture; horizontal axis, time in minutes.

DiscussiON.I

It appears to be generally accepted that, if an eventual difference in
various hwemoglobins is present, this specificity must be located in the
globin part of the molecule. Evidence for this supposition is growing
continuously; apart from the physico-chemical methods of difference in
absorption spectra, of crystal form, of solubility and of differences in iso-
electric zone and rate of alkaline denaturation, we have the direct
chemical analyses of globin. The researches of Schenck [1930] demon-
strate a constant difference in the amount of certain amio-acids in the
globins of various species. In human blood, especially, the arginine con-
tent of globin is constantly higher in the blood of new-born children tha'n
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in adult blood. In hypochrome cases of anaemia with normal regeneration
this juvenile type seems also to be present; in pernicious ansemia it is
missing.

Schenck also shows that the chemical differences of human globins
correspond to their different resistances to hydrolysis by pepsin HCI.

Unsolved is the question whether human haemoglobin is changing
from one form to the other, or whether there are two, originally different
forms (e.g. the resistant "feetal" type and the adult form). The sharp
distinction which can be found in the rates of denaturation suggests the
existence of two independent kinds, not connected by transitional types.

SUMMARY.
The rate of alkali denaturation of haemoglobin, studied by means of

a sensitive photo-electric arrangement, was determined in human ha3mo-
globin. It is shown that, in normal blood, alkaline denaturation is pro-
ceeding as two monomolecular reactions with greatly differing velocity
constants. This indicates the presence of two kinds of haemoglobin in
human blood.
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