the pressure. The chemical reactions
involved in the formation of ferro-
manganese nodules are of the type:

Mn** 4 450z -+ 20H™ = sMnO; - I'(Ii?

SMn** 4 20z + 10 OH-
= 4MnO; * Mn(OH). * 2H:0 + 2H:O (2)

4MnO: * Mn(OH): * 2H.0 + 0.
= 55MnO: + 3H,0  (3)

The formula 4MnO, * Mn(OH), * 2H,0
represents the 7-A manganite phase as
suggested by Feitknecht and Marti (13)
and by Buser, Graf, and Feitknecht
(14). The 10-A manganite can be rep-
resented by 3MnO, « Mn(OH), * 3H,0
(&).

It can be seen that the only species
whose activity is subject to change with
depth in Eq. 3 is oxygen. The equilib-
rium partial pressure of oxygen will
increase with increasing hydrostatic
pressure (I5). Also, the oxygen content
of seawater tends to remain constant
or increase with depth between 1000
and 5000 m in the Pacific Ocean (I6).
As a result of these factors, the forma-
tion of 8MnO, would be favored at
greater depths. This is contrary to the
data presented here.

The two other parameters which
can cause AG to change as a function
of depth are temperature and pressure.
The change of AG with temperature is
given by:

( 9AG\ = —AS
oT J»
where AS refers to the entropy change
of the reaction. Figure 5 shows that
the most probable occurrence of
8MnO, is at 1000 to 1500 m, and
that of the manganite phases is at
4000 to 4500 m. The temperature dif-
ference represented by this depth dif-
ference is usually 3° or 4°C. There-
fore, the entropy change must be large
for this free energy change to be of
significance.

On the other hand, the pressure
change is 300 atm. The effect of pres-
sure on AG is:

9AG! ) = AV
oP Jr

where AV is the partial molal volume
change during the reaction. This latter
parameter seems to be the most promis-
ing for consideration of controlling the
mineralogy of ferromanganese nodules.
It has sufficient magnitude and uni-
versality to control the mineralogy on
an ocean-wide basis. At present this
hypothesis cannot be tested because of a
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lack of molal volume measurements of
the reactants and products.

It should be noted that the measured
rate of accumulation (/7) roughly cor-
responds to rates which can be cal-
culated from laboratory kinetic studies
(18). However, at present there exist
inadequate data to ascertain the effect
of temperature and particularly pres-
sure on reaction kinetics of nodular
formation.

: STEVEN S. BARNES
Scripps Institution of Oceanography,

La Jolla, California 92038
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Hemoglobin Portland 1: A New Human Hemoglobin

Unique in Structure

Abstract. A new hemoglobin (Hb), Portland 1, has been found in a newborn
infant having multiple congenital anomalies and complex autosomal chromo-
somal mosaicism. The new hemoglobin has a unique tetrameric structure (molec-
ular weight, 66,000) composed of two pairs of different types of chains, nei-
ther of which is a, yy%s. The x-chain of Hb Portland 1 may be a new type of
hemoglobin chain, but the available evidence suggests that it may be identical
with the ¢ chain. We suggest that Hb Portland 1 is an embryonic hemoglobin
that persisted until after birth in relatively large amounts in this patient.

A new hemoglobin (Hb), Portland 1,
was discovered (I) in a female Chinese
infant having multiple congenital anom-
alies; chromosomal studies of lympho-
cytes revealed complex mosaicism (nor-
mal/trisomy 16/short arm 17-18 dele-
tion) (2). The blood sample used by us
was obtained immediately after the in-
fant’s death at 20 days. The washed
erythrocytes were hemolyzed with dis-
tilled water and toluene (3), and the clar-
ified hemolyzate was subjected to starch-
gel electrophoresis in tris—ethylenedia-
mine tetraacetic acid-borate buffer, pH
8.15 (4). Comparison of the elec-
trophoretic pattern of this hemolyzate
with those of several other hemoglobin
specimens (Fig. 1) shows that a hemo-
globin component having an electro-
phoretic mobility greater than Hb-A but
less than Hb Bart’s is present in the

hemolyzate from the propositus. The
name Portland 1 is proposed for this
previously undescribed hemoglobin,
which represented -approximately 5 per-
cent of the total hemoglobin; the re-
mainder included Hb Bart’s (5 percent),
Hb-F, (11 percent) (5), Hb-Fy; (55 per-
cent), and Hb-A (22 percent). It is im-
portant to note that no Hb Portland
1 was demonstrable in the parents of
the propositus.

Structural characterization of Hb
Portland 1 was carried out by initial
isolation of the hemoglobin compo-
nents by use of IRC-50 jon-exchange
chromatography (phosphate buffer, pH
6.7, 0.05M Na+, 0.01M KCN) (6)
followed by further purification em-
ploying starch-block electrophoresis
(barbital buffer, pH 8.6, 0.5M) (7).

The sy, (4.458) and Dy, (6.54 X

65



10—7 cm?2 sec—1) of Hb Portland 1 indi-
cate a tetrameric structure with a
molecular weight of 66,000. When the
ultraviolet spectrum of Hb Portland 1
was compared for resolution of the
tryptophan fine structure band just be-
low 290 my, it demonstrated a frac-
tional resolution (8) less than that of
Hb Bart’s but greater than that of Hb-
F. Subunit hybridization studies of Hb

Fig. 1 (left). Starch-gel electrophoresis with
tris—ethylenediamine tetraacetic acid-bo-
rate buffer, pH 8.15; the Hb components
present in each specimen are read from
left to right: (1) pure Hb-A; (2) Hb-F +
Hb-A; (3) hemolyzate of propositus,
Hb-F 4+ Hb-A + Hb Portland 1+ Hb
Bart’s; (4) same as (3) but lower in con-
centration; (5) Hb Portland 1+ Hb
Bart’s; (6) Hb-F, from IRC 50 chroma-
tography; (7) Hb-Fu from IRC 50 chro-
matography; (8) pure Hb-A; (9) pure Hb
Portland 1; (10) pure Hb Bart’s; (11) Hb
Bart’s 4 Hb-H.

Portland 1 with Hb-A (Fig. 2) showed
four new species formed: two faster
than either parent species and two
slower. The faster components corre-
spond to Hb Bart’s (y,) and to Hb-H
(B4), the latter being so faint that it
failed to photograph. The appearance
of Hb Bart’s indicates the existence
of y-chains in Hb Portland 1, while
Hb-H presumably arises from the 8-
chains of Hb-A. The component that is
slightly slower than Hb-A corresponds
to Hb-F and is the result of recom-
bination of a-chains from Hb-A and
y-chains from Hb Portland 1. The
slowest component is thought to arise
from recombination of the q-chains
from Hb-A and some non-q-chains (x-
chains) from Hb Portland 1; it is pre-
sumed to have the structure a.x,. The
position of this slowest zone (a»x») is
near where Hb Gower 2 (ases) mi-
grates under these conditions (9). The
structure yox. is therefore proposed for
Hb Portland 1.

The nature of the x chains was in-
vestigated by converting the pure Hb
Portland 1 to globin by treatment with
cold, acidified acetone, separation of the
chains by countercurrent distribution,
aminoethylation with ethylenimine, and
digestion with trypsin, followed by col-
umnar chromatography of the resulting
peptides by Jones’s methods (10).

These studies yielded nine unique pep-
tides from the x-chain having amino
acid compositions different from those
of any tryptic peptides of the «, B, ¥,
or §-chains; they indicate that the x-
chain may be a new, previously un-
described hemoglobin chain. However,

Fig. 2 (left). Starch-gel electrophoresis of
recombination studies; Hb components read
from left to right: (1) untreated Hb Port-
land 1, (2) recombinant of Hb Portland
1 4 Hb-A (72x:, Hb-F, Hb-A, Hb Port-
land 1, Hb Bart’s), (3) recombinants of
Hb Bart’s + Hb-A (Hb-F, Hb-A, Hb
Bart’s, Hb-H), (4) untreated Hb Bart’s
(5) untreated Hb-A + Hb Bart’s + Hb-H,
(6) untreated Hb-A.

the appearance of a hemoglobin com-
ponent having electrophoretic mobility
similar to that of Hb Gower 2, follow-
ing hybridization of Hb Portland 1 with
Hb-A (see text above), suggests that
the x-chains may be identical with the
e-chains. Later our studies of Hb Port-
land 1 will be reported in detail.

In every instance of known hemo-
globins consisting of two different types
of chains, such as Hb-A (asB.), Hb-F
(asy2), Hb-Ay (as8»), and Hb Gower
2 (ase2), there is always an o-type pair
of chains plus a non-q-type pair. Hemo-
globin Portland 1 (y.x.) represents the
first occurrence in vivo of a hemoglobin
having two unlike pairs of chains nei-
ther of which is of a-chains.

In a chromosomal triplication (D-
trisomy), small amounts of Hb Gower
2 (ases) found after birth (9) indicated
persistence of the embryonic e-chain.
We believe that Hb Portland 1 similarly
represents an embryonic hemoglobin
that persisted after birth in relatively
large amounts because of the patient’s
chromosomal abnormality. The large
amount of Hb Bart’s (y,) found in
the propositus indicates deficiency in
a-chain production and suggests that
the appearance of Hb Portland 1 re-
flects the excess of y- and x-chains.
A recent report (11) of an embryonic
hemoglobin showing -some similarities
to Hb Portland 1 in its electrophoretic

‘behavior suggests the possibility that

these two hemoglobins are identical.
GRAYSON L. Caprp
DEMETRIOS A. RiGgas
RicHARD T. JONES
Division of Experimental Medicine and
Department of Biochemistry,
University of Oregon Medical School,
Portland 97201
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