INHIBITION OF tRNA BINDING TO 30S RIBOSOMAL SUBUNIT

Inhibition of N-Acetylphenylalanyl Transfer Ribonucleic
Acid Binding to 30S Ribosomal Subunit of Escherichia coli
by N-Formylmethionyl Transfer Ribonucleic Acid?

Benjamin M. Blumberg, Samuel D. Bernal, and Tokumasa Nakamoto*

ABSTRACT: The poly(uridylic acid)-directed binding of
AcPhe-tRNA to Escherichia coli 308 ribosomal subunits can
be made pseudo first order in 30S subunit concentration with a
rate constant of about 0.2 sec™! and a half-life period of about
3 sec. The reaction is strongly stimulated by IF-3 in the pres-
ence of IF-1 and IF-2. Addition of fMet-tRNA to this model
system markedly inhibits AcPhe-tRNA binding. The inhibition
is by fMet-tRNA specifically; neither Met-tRNA¢ nor any
other charged or uncharged tRNA inhibits, even at relatively
high concentrations. The inhibition depends on IF-1 and IF-2,
but not on IF-3. Analysis of the time course of AcPhe-tRNA

Thc orthodox view of initiation of protein synthesis in bacte-
ria postulates binding of the 30S ribosomal subunit to mRNA,
followed by binding of fMet-tRNA. Binding of the ribosome to
the messenger may be either specific or nonspecific (Nakamoto
and Kolakofsky, 1966). With specific binding, the 30S ribo-
somal subunit (30S SU) itself recognizes and selects the initia-
tor site of the mRNA; initiation factor [F-3 is held to mediate
the binding (Iwasaki et al., 1968; Revel et al., 1969).
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With nonspecific binding of the ribosome, the initiator site is

selected when binding of the ribosome attached to the proper

site of the mRNA is stabilized by the binding of initiator
tRNA (Nakamoto and Kolakofsky, 1966).
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Recently, evidence for a different pathway, in which the ini-
tiator tRNA is bound to the ribosome before mRNA, has been
obtained in a eukaryotic system by the isolation of a messen-
gerless complex of the 40S ribosomal subunit with Met-tRNA;
(Baglioni, 1972; Darnbrough et al., 1973; Schreier and Stae-
helin, 1973). Although no such evidence has been adduced for
the bacterial systems, the analogous formulation would be

fMet«tRNA mRNA
30S SU «——— 30S SU-fMet -tRNA —— initiation

(selection) complex

3)

Our observation that initiation factor IF-3 strongly stimu-
lates the binding of AcPhe-tRNA to the 30S ribosomal subunit
of E. coli in the presence of initiation factors IF-1 and IF-2
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binding in the presence of fMet-tRNA indicated that about
half of the ribosomes are strongly inhibited by fMet-tRNA; the
other half still bind AcPhe-tRNA rapidly, although with a
slightly reduced rate constant of about 0.15 sec™!. Differential
sensitivity of the 30S ribosomal subunits to fMet-tRNA is also
indicated by the observation that 50% inhibition is readily ob-
tained with low concentrations of fMet-tRNA, while far higher
concentrations are required for further inhibition. These results
suggest that a significant fraction of the 30S ribosomal sub-
units is capable of interacting strongly with fMet-tRNA even
in the absence of an appropriate mRNA.

(Bernal et al., 1974) has encouraged us to use this model sys-
tem to explore the alternative pathways for initiation of protein
synthesis. If formation of a messengerless complex is the nor-
mal first step, as in pathway 3 above, then addition of fMet-
tRNA to the model system could inhibit AcPhe-tRNA binding
by formation of such a complex. If binding of initiator tRNA
always follows binding of mRNA, as in pathways 1 and 2, no
such inhibition would be expected. We have, therefore, under-
taken a kinetic study of the effect of fMet-tRNA on the
poly(U)'-directed binding of AcPhe-tRNA to the 30S ribo-
somal subunit.

Experimental Section

Materials. Quarter-log E. coli B cells were purchased from
Grain Processing Co.; mid-log E. coli Q13 cells from General
Biochemicals; poly(U) from Miles Laboratories; dextran sul-
fate (MW 5 X 105) from Pharmacia; N-5-formyltetrahydrofol-
ate (Calcium Leucovorin Injection) from Lederle; and crude E.
coli B tRNA from Schwartz Bioresearch. Purified tRNAMet
from E. coli K12 MO was the generous gift of Dr. G. D. No-
velli.

Methods. The preparation of Ac['“C]Phe-tRNA, 1 M
NH4Cl1 washed ribosomes and subunits, and protamine-treated
supernatant was carried out as described previously (Hamel er
al., 1972). In the preparation of f[3H]Met-tRNA, N-5-formyl-
tetrahydrofolate (Calcium Leucovorin Injection) was used as
formyl donor (Nakamoto and Kolakofsky, 1966). The
f{3H]Met-tRNA was isolated by adsorption onto DEAE-cellu-
lose equilibrated with a solution containing 20 mM imidazole-
HCI (pH 7.0), 0.2 M NH4Cl, and 10 mM MgCl,. Elution was
carried out by increasing the NH4Cl concentration to 0.75 M,
and the tRNA was concentrated by precipitation with 2 vol-
umes of ethanol.

Initiation factors were purified from E. coli Q13 by a modi-
fication of the method of Hershey er al. (1971). Cells were
ground with alumina and ribosomes isolated by centrifuging.

! Abbreviation used is: poly(U), poly(uridylic acid).
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FIGURE 1: Kinetics of AcPhe-tRNA binding to 30S ribosomal sub-
units. Assay conditions were as described in Methods except that 6 ug
of poly(U) was added. The dashed line, extrapolated to zero time, cor-
rects for the 308 subunits which bind AcPhe-tRNA slowly. Inset: Plot
of log of unreacted 308 subunits which bind AcPhe-tRNA rapidly vs.
time.

The 30-85% (NH,)>SOy fraction of a 1.1 M NH4Cl ribosomal
extract obtained from 300 g of cell paste was passed rapidly
through a 2 X 25 cm column of Sephadex G-25 equilibrated
with a solution containing 20 mM imidazole-HCI (pH 7.4), 0.1
M NH,ClL 10 mM 2-mercaptoethanol, and 10% glycerol. Frac-
tions in the void volume were run immediately ontoa 1.5 X 20
cm column of phosphocellulose equilibrated with the same
buffer. The column was washed with 600 m! of buffer, whereu-
pon | 1. of a 0.1-0.8 M NH,C] gradient was applied. Initiation
factors were located by measuring the stimulation of AcPhe-
tRNA binding to 30S ribosomal subunits in the presence of the
other two factors, as described below. IF-2 activity appeared in
the gradient between 0.25 and 0.35 M NH4Cl, 1F-1 between
0.35 and 0.45 M, and 1F-3 between 0.50 and 0.65 M. The sepa-
rated factors were concentrated on small phosphocellulose col-
umns, then further purified by chromatography on Sephadex
columns equilibrated with 20 mM Tris-HC1 (pH 7.4), 0.4 ™M
NHCl 10 mM 2-mercaptoethanol, and 10% glycerol. 1F-1
eluted from a 1.5 X 80 ¢m column of G-50 (fine) at about two
void volumes as a peak in fractions essentially devoid of 280-
nm absorbance. {F-2 eluted from a 2 X 80 ¢m column of G-200
at 1.3 void volumes. IF-3 eluted from a 2 X 50 cm column of
G-100 in a broad double peak commencing at 1.5 void volumes.
The factors were again concentrated on small phosphocellulose
columns, dialyzed briefly against 20 mM Tris-HCl (pH 7.4),
0.4 M NH,Cl, 3 mM 2-mercaptoethanol, and stored at —70°
where they are stable indefinitely. Plastic columns and tubes
were used throughout.

In the assay for AcPhe-tRNA binding to 30S subunits, the
complete reaction mixture contained in a final volume of 0.1
ml: 50 mM™ imidazole-HC! (pH 7.4), 8 mM MgCl,, 80 mM
NH;Cl, 4 mM 2-mercaptoethanol, 0.2 mM GTP, 8 pmol of 1 M
NH,Cl-washed 30S ribosomal subunits preincubated 20 min at
37° in a medium containing 0.5 M NH4Cl and 10 mm MgCl;
(Nakamoto and Hamel, 1968: Zamir et al., 1969), and suffi-
cient initiation factors to give maximal rate of binding. About
0.2 ugof IF-1. 1.0 ug of 1F-2, and 0.5 ug of IF-3 were general-
Iy more than sufficient. The mixture was equilibrated at 15°,
and binding was initiated by adding 24 pmol of Ac[!*C]Phe-
tRNA and 2 ug of poly(U}). The reaction was stopped by rapid
addition of 2.5 ml of ice-cold ““binding buffer” containing 10
mM imidazole-HCI (pH 7.4), 8 mM MgCly, 80 mM NH,Cl,
and 5 X 107 A1 dextran sulfate. Dextran sulfate was dialyzed
at about 0.1 mM concentration against 0.1 M NH4ClI to elimi-
nate free sulfate and phosphate ions. The ribosomal complexes
3308
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FIGURE 2: Specificity of inhibition of AcPhe-tRNA binding by fMet-
tRNA. Assay conditions were as described in Methods. Where indicat-
ed, f[*H]Met-tRNA containing 25 pmol of methionine per ug of RNA,
[*H]Met-tRNA containing 10 pmol of methionine per ug of RNA, and
uncharged, purified tRNA™et were added prior to the equilibration
step. Incubation was for 10 sec.

were then adsorbed onto Millipore filters, washed twice with 3
ml of binding buffer, dried, and counted in a liquid scintillation
system. The efficiency of counting was about 89% for *C and
40% for 3H.

Results

The Basic System. A typical time course of the poly(U)-di-
rected, Ac[!*C]Phe-tRNA binding to isolated 30S ribosomal
subunits is shown in Figure 1. An initially rapid binding is cs-
sentially complete within 20 sec, and at this point a slow bind-
ing occurring at a linear rate becomes evident. We eliminate
this slow reaction from consideration by extrapolating the
curve back to zero time (dashed line), and evaluating the
amount of fast-binding 30S subunits unreacted at any time by
the difference between the extrapolated line and the experi-
mental curve. The fast reaction then appears to be homoge-
neous and pseudo first order in 30S subunit concentration. The
half-life period of the fast reaction is about 3.0 sec, and a rate
constant of k =~ 0.25 sec™! can be calculated from the slope of
the inset log plot which is equal to —k/2.303. Note that al-
though 8 pmol of 30S ribosomal subunits was added, only 2
pmol of AcPhe-tRNA was bound.

Inhibition by fMet-tRNA. Figure 2 shows that smali
amounts of purified fMet-tRNA added to the binding system
reduced the amount of AcPhe-tRNA bound in 10 sec by about
509%, whereas Met-tRNA; and tRNA™et even in larger
amounts, failed to inhibit this binding. To obtain further
confirmation of this result, we devised a system wherein
fMet-tRNA could be generated in situ from either purified
tRNA™¢ or from crude tRNA at a rate sufficiently slow that
a preincubation step was required. Table I shows that the inhi-
bition of AcPhe-tRNA binding depends on charging of tRNA
with methionine specifically, and on formylation.

Effect of Initiation Factor Concentration on Inhibition by
fMer-tRNA. Figure 3 shows that the degree of inhibition of
AcPhe-tRNA binding was essentially invariant with initiation
factor concentration, over a range from subsaturating to two-
fold excess. The initiation factor added in this experiment was
a mixture of the three purified factors. The same result was ob-
tained when purified initiation factors were titered individually
in the presence of excess amounts of the other two factors (data
not presented). This rules out the possibility that fMet-tRNA
might act by sequestering one or more initiation factors, mak-
ing them unavailable for AcPhe-tRNA binding, and thus giv-
ing only an apparent inhibition.

Inhibition as a Function of fMet-tRNA Concentration. The
observed degree of inhibition of AcPhe-tRNA binding by
fMet-tRNA was in the range of 50-70% when the binding
reaction was carried out for periods of 10 sec or less. Generally,



INHIBITION OF tRNA BINDING TO 30S RIBOSOMAL SUBUNIT

TaBLE 1: Inhibition of AcPhe-tRNA Binding by fMet-tRNA
Generated in situ.®

AcPhe-tRNA Bound (pmoles)

+ purified + crude

Conditions for fMet-tRNA tRNAfMet tRNA
1. Complete 0.9 0.7
2. — Methionine 1.6
3. — Methionine, + all other

amino acids 1.6 1.6
4. — N-5-Formyltetrahydro-

folate 1.8 1.6
5. — Supernatant enzymes 1.7 1.7
6. — tRNA 1.5 1.8

¢ Two mixtures were prepared containing in common 50
mM imidazole-HCI (pH 7.4), 8 mm MgCl,, 80 mm NH,Cl, 5
mM 2-mercaptoethanol, and 0.2 mm GTP. One mixture, main-
tained at 15°, contained in addition 8 pmol of 30S ribosomal
subunits and 0.2 ug of IF-1, 1.0 ug of IF-2, and 0.5 ug of IF-3
in each 0.1-ml volume. The second mixture, distributed in
0.1-ml aliquots, contained 1 mM ATP, 2 mm phosphoenolpyr-
uvate, and 0.1 ug of pyruvate kinase, and, where indicated, 20
mm methionine or all other amino acids, 10 mm N-5-formyl-
tetrahydrofolate, 2 ul of protamine-treated supernatant and
0.8 ug of purified tRNAMet or 25 g of crude E. coli BtRNA,
This mixture was preincubated 10 min at 37° and then trans-
ferred to the 15° bath where it was combined with 0.1 ml of
the first mixture. Binding was initiated by adding 24 pmol of
Ac['*C]Phe-tRNA and 2 ug of poly(U), and was stopped after
10 sec with 3.5 ml of ice-cold buffer as described in Methods.
Components omitted during the preincubation at 37° were
added to the combined mixture just before AcPhe-tRNA and
poly(U).

inhibition up to 50% was readily obtained by adding a few pi-
comoles of fMet-tRNA in amounts approximately equimolar
with 30S ribosomal subunits. Thereafter, the increment of inhi-
bition decreased with increasing amounts of fMet-tRNA. This
is somewhat apparent in Figure 2, and is obvious in Figure 4
where the first 10 pmol of fMet-tRNA accounts for an inhibi-
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FIGURE 3: Inhibition of AcPhe-tRNA binding by fMet-tRNA with
varied amounts of initiation factors. Assay conditions were as described

in Methods. Purified initiation factors were mixed proportionately so
that 10 ul contained saturating amounts of all three factors,
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FIGURE 4: Inhibition of AcPhe-tRNA binding by increasing amounts
of fMet-tRNA. Assay conditions were as described in Methods, with
binding carried out for 6 sec; 1 ug of f{[*H]Met-tRNA preparation con-
tained 8.5 pmol of methionine.

tion of nearly 40%, while 90 additional pmol of fMet-tRNA is
required to increase the inhibition to 80%.

Kinetics of Inhibition of AcPhe-tRNA Binding by fMet-
IRNA. Figure 5 shows the time course of AcPhe-tRNA bind-
ing with and without added fMet-tRNA. Extrapolations to
correct for the slow binding are made as in Figure 1. In the ab-
sence of fMet-tRNA, the rapid binding of AcPhe-tRNA is
complete by 20 sec, the half-life period is about 3.5 sec, and the
inset log plot gives a value of k = 0.21 sec™!. As noted pre-
viously, the fast reaction is apparently homogeneous and pseu-
do first order in 30S subunit concentration. In the presence of
fMet-tRNA, a rapid binding of AcPhe-tRNA can still be ob-
served, but the rate is reduced slightly and the amount of rapid
binding is only about 50% of that seen in the absence of fMet-
tRNA. Moreover, after the rapid binding is completed, binding
continues at a slow, linear rate which is somewhat faster than
the slow binding observed in the absence of fMet-tRNA. The
fast reaction again appears to be homogeneous and pseudo first
order in 30S subunit concentration with a half-life period of
about 5 sec and a rate constant k =~ 0.13 sec~!. These results,
and those of Figure 3, suggest that there may be two major
species of 30S ribosomal subunits which bind AcPhe-tRNA
homogeneously in the absence of fMet-tRNA, but can be dis-
tinguished by their very different responses to fMet-tRNA.
One species interacts relatively weakly with fMet-tRNA so
that it still binds AcPhe-tRNA rapidly, while the other species
interacts so strongly with fMet-tRNA that AcPhe-tRNA bind-
ing is almost completely inhibited. The increase in rate of the
slow, linear binding of AcPhe-tRNA seen with added fMet-
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FIGURE §5: Effect of fMet-tRNA on the kinetics of AcPhe-tRNA
binding to 30S ribosomal subunits; 0.5 ug of f[*H]Met-tRNA contain-
ing 13 pmol of methionine was added where indicated. As in Figure 1,
dashed extrapolations correct for 30S subunits that bind AcPhe-tRNA
slowly. Inset: Plot of log of unreacted 30S subunits which bind AcPhe-
tRNA rapidly vs. time.
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TABLE 11: Rate Constants for the Rapid Binding of AcPhe-
tRNA in the Presence and Absence of fMet-tRNA.#

k (sec™!)

Expt — fMet-tRNA - fMet-tRNA Ratio
1 0.21 0.13 1.6
2 0.24 0.15 1.6
3 0.26 0.14 1.8

¢ Assay conditions were as described for Figure 5. The rate
constants were evaluated from plots of log of unreacted 30S
ribosomal subunits ¢s. time.

tRNA probably reflects the net rate of dissociation of fMet-
tRNA from the strongly interacting 30S subunits.

Kinetic constants for the rapid binding in the presence and
absence of fMet-tRNA derived from three separate experi-
ments, including that shown in Figure 3, are summarized in
Table II. If it is valid to assume a rapid equilibration between
fMet-tRNA and the weakly interacting 30S subunits, then the
results indicate that about 30% of these 30S subunits are com-
plexed with fMet-tRNA, since the ratio of the rate costants
k(—=fMet-tRNA)/k(+fMet-tRNA) is equal to [1 + (f/kp)]
where f'is the concentration of fMet-tRINA and Kp is the dis-
sociation constant for the weak interaction. For these experi-
ments, the value of Kp is about 1 X 10~7 M. The assumption of
rapid equilibration is not unreasonable, since inhibition is en-
hanced only 5-10% when fMet-tRNA is preincubated with ri-
bosomes in the reaction mixture before binding is initiated by
the addition of AcPhe-tRNA and poly(U).

Effect of Preincubation with Poly(U) on Inhibition by fMe:r-
tRNA. Poly(U) is known to bind relatively strongly to the 308
ribosomal subunit (Takanami and Okamoto, 1963), at the
mRNA binding site (Van Duin and Kurland, 1970). We antic-
ipated, therefore, that preincubating poly(U) with the ribo-
somes in the reaction mixture would hinder the interaction of
fMet-tRNA, thus reversing its inhibition of AcPhe-tRNA
binding. Experiments performed to test this prediction clearly
showed, however, that added fMet-tRNA inhibited AcPhe-
tRNA binding just as much when poly(U) was preincubated
with the ribosomes as when the poly(U) was added to initiate
binding (data not presented).

Effect of Individual Initiation Factors on the Inhibition of
AcPhe-tRNA Binding by fMet-tRNA. Figure 6 shows the time
course of AcPhe-tRNA binding with and without added fMet-
tRNA, where IF-1, IF-2, and IF-3 are successively omitted. It
is clear that the binding is strongly stimulated by all three initi-
ation factors. Omission of IF-2 results in loss of binding, as
well as of inhibition. The small amount of binding seen without
[F-2 may be attributed in part to contamination of the IF-3
with some [F-2. Omission of IF-1 results in a reduced rate of
binding and in a diminution of inhibition by added fMet-
tRNA. Omission of 1F-3 also results in a reduced rate of bind-
ing but, if anything, enhances the inhibition of AcPhe-tRNA
binding by fMet-tRNA. It is of interest that the two initiation
factors 1F-1 and IF-2, which have been implicated in mediat-
ing the binding of initiator tRNA to the ribosome (Salas et al.,
1967: Hershey et al., 1969), are required for the inhibition of
AcPhe-tRNA binding to 30S ribosomal subunits by fMet-
tRNA.

Discussion

The present study shows that the poly(U)-directed binding
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FIGURE 6: Effect of individual initiation factors on the inhibition of
AcPhe-tRNA binding by fMet-tRNA. Assay conditions were as de-
scribed for Figure 1; (O) AcPhe-tRNA binding in the absence of fMet-
tRNA; (@) binding in the presence of fMet-tRNA. Where indicated,
0.2 ug of IF-1, 1.0 ug of IF-2, and 0.5 ug of 1F-3, and 1.1 ug of
f[*H]Met-tRNA containing 20 pmol of methionine per ug of RNA
were added.

of AcPhe-tRNA to E. coli 30S ribosomal subunits is inhibited
specifically by fMet-tRNA; Met-tRNA;, tRNA™:et and all
other tRNAs, whether aminoacylated or not, are ineffective.
Initiation factor IF-2 appears to be critical for inhibition by
fMet-tRNA; IF-1 enhances the inhibition in the presence of
IF-2, whereas [F-3 is not essential. Since fMet-tRNA does not
inhibit the binding of AcPhe-tRNA by sequestering initiation
factors, as evidenced by the constancy of inhibition with in-
creasing amounts of the factors, nor by sequestering GTP
which was always in excess, fMet-tRNA probably inhibits by
competing for a site on the 30S ribosomal subunit. The require-
ment for inhibition of IF-1 and IF-2 which have been implicat-
ed in mediating the interaction of fMet-tRNA with the 308
subunit also supports this conclusion.

The 30S ribosomal subunits appear to be heterogeneous in
their interaction with fMet-tRNA, even though they behave
homogeneously in binding AcPhe-tRNA in the absence of
fMet-tRNA. Heterogeneity was indicated by the 50% inhibi-
tion of AcPhe-tRNA binding obtained readily at concentra-
tions of fMet-tRNA about equimolar with the 30S ribosomal
subunits, and by the smaller incremental inhibition beyond
50% obtained only with much larger amounts of fMet-tRNA.
Heterogeneity was also indicated by the time course of AcPhe-
tRNA binding in the presence of fMet-tRNA: about one-half
of the 30S subunits still bound AcPhe-tRNA rapidly. with only
a slight reduction in rate, while the other half were almost
completely inhibited from binding AcPhe-tRNA. Perhaps of
relevance here is the heterogeneity of 30S ribosomal subunits
to N-ethylmaleimide treatment; under certain experimental
conditions only one-half of them were inactivated (Moore,
1973; Ginzburg et al.,, 1973). Possibly, the isolation of more
proteins from 30S ribosomal subunits than are contained in
any one subunit is also relevant (Craven er al., 1969).

Although the possibility of AcPhe-tRNA binding occurring
on two different ribosomal sites has not been rigorously exclud-
ed, this is not considered too likely since essentially all of the
AcPhe-tRNA bound to the 30S subunit reacts with puromycin
when 50S ribosomal subunits are added in the absence of elon-
gation factor G (unpublished observations). Moreover, it would
be unusual for the rate of AcPhe-tRNA binding to two differ-
ent ribosomal sites to be identical, especiaily when the binding
is catalyzed by the same three initiation factors that catalyze
the binding of fMet-tRNA to the 30S ribosomal subunit pre-
sumably at a specific site.
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Finally, the observation that fMet-tRNA exerts its inhibito-
ry effect not only in the absence of a mRNA containing the ap-
propriate AUG or GUG codons but in the presence of poly(U),
which should interfere with the interaction of fMet-tRNA and
the 30S ribosomal subunit, indicates that fMet-tRNA has
strong affinity for the 30S subunit. Thus, even though the for-
mation of a messengerless complex of the 30S subunit and
fMet-tRNA has not been demonstrated directly, the participa-
tion of such a complex in the initiation of bacterial protein syn-
thesis as in pathway 3 must be considered a possibility, espe-
cially with the 30S ribosomal subunits that are strongly inhibit-
ed by fMet-tRNA binding. On the other hand, the 30S sub-
units which interact weakly with fMet-tRNA, if they are not
damaged ribosomes, may initiate protein synthesis by either
pathway 2 or pathway 3, since other suggestive evidence ob-
‘tained in this laboratory (Bernal et al., 1974) rules out path-
way 1.
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Nonequivalence of Chains in Hemoglobin Oxidation and
Oxygen Binding. Effect of Organic Phosphates™

Ali Mansouri* and Kaspar H. Winterhalter

ABSTRACT: Oxidation of Hb A is governed by at least two fac-
tors: (a) the intrinsic susceptibility to oxidation of chains which
depend on their primary structure, and (b) the affinity of
chains for oxygen or other ligands. 2,3-Diphosphoglycerate
(2,3-DPG) stabilizes the deoxy conformation of hemoglobin
which has a lower affinity for oxygen. This effect is maximal at
acid and minimal at alkaline pH. Hemoglobin F; which does
not bind organic phosphates does not show significant affinity

’I;me autoxidation rate of the four heme groups of hemoglobin
depends on at least two factors: (1) the primary structure and
its consequences on the chain concerned, and (2) the presence
and type of ligand (Mansouri and Winterhalter, 1973).
Organic phosphates, notably 2,3-diphosphoglycerate (2,3-
DPG),! are present inside the red cell in a concentration ap-

T From the Friedrich Miescher-Institut, CH-4002 Basel, Switzer-
land. Received February 25, 1974.
! Abbreviation used is: 2,3-DPG, 2,3-diphosphoglycerate.
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changes in their presence (H. F. Bunn and R. W. Briehl
(1970), J. Clin. Invest. 49, 1088). The present paper shows
that: (a) the presence of 2,3-DPG in hemoglobin solutions in-
creases the rate of autoxidation at acid pH where the binding is
the most significant; this effect is correlated with the decrease
in affinity for oxygen; (b) although the organic phosphates
bind to non « chains, their effect is mostly exerted on the oxy-
gen affinity of & chains.

proximately equimolar to that of hemoglobin. The level of 2,3-
DPG is an important regulator of oxygen affinity of the blood
(Benesch et al., 1968; Benesch and Benesch, 1969; Chanutin
and Curnish, 1967; Rorth, 1968; Lo and Schimmel, 1969; Wal-
deck and Zander, 1969). It has been shown that in hypoxic
states the level of 2,3-DPG increases with a concomitant de-
crease in oxygen affinity (Lenfant ef al., 1968; Eaton er al.,
1969).

Lowering the oxygen affinity of hemoglobin is achieved by a
shift of the allosteric equilibrium in favor of the T (deoxy) con-
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