
Meetings 

Carbon Dioxide: Chemical, Biological, and Physiological Aspects 
A symposium on Carbon Dioxide: 

Chemical, Biochemical, and Physiologi- 
cal Aspects was held at Haverford Col- 
lege, Haverford, Pennsylvania, 19-21 
August 1968. It brought together re- 
searchers involved in the physiology 
and chemistry of CO2, the physical 
chemistry of the reactions of CO, and 
bicarbonate, hemoglobin and peptide 
carbamates, carbonic anhydrase, and 
the movements of CO. in cells and 
tissues. 

In the first session S. Epstein (Cali- 
fornia Institute of Technology) dis- 
cussed the isotope ratio of C13 to C12 in 
nature and the reasons for its varia- 
tion. For a given sample, the variation 
is described by the 8 value: 

a- [C13: C"(sample)/ 
C13: C"(standard) - 11 X 1000 

The standard is given by the COo 
analysis from a certain fossil skeleton. 
The 3 values in nature range widely, 
from about zero for marine limestones 
to about - 25 parts per thousand for 
terrestrial plants to - 30 for nonmarine 

petroleum. Fixation of CO, in photo- 
synthesis involves substantial isotope 
fractionation which can give important 
information on the mechanism of the 
fixation process. 

J. T. Edsall (Harvard) reviewed the 
structure and properties of CO2, HCO3-, 
and H2,CO:.. The best available values 
for hydration and ionization constants 
still contain some puzzling discrepan- 
cies requiring further work. Carbon 
dioxide dissolves more readily in non- 

polar media than in water and still 
more readily in solvents such as acetone 
which contain both hydrophobic and 
polar groups. This factor may be im- 

portant for the interaction of COg with 

enzymes. 
The second session concerned carba- 

mate reactions, which are now of par- 
ticular interest because of the recent 
decisive work of Roughton and Rossi- 
Bernardi (1967). They found that carba- 
mate binding to oxyhemoglobin is 

definitely less than to deoxyhemoglobin 
at a given CO2 pressure and pH. This 
fact provides a convincing argument 
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that carbamate is involved in CO. 
transport in blood. 

M. Caplow (Yale) discussed the 
kinetics of carbamate formation. On 
the basis of his experimental data he 
proposed a mechanism involving hydro- 
gen bonding of the H on the amine 
group, addition of CO2 to the nitrogen 
with separation of charge on the mole- 
cule, and finally the formation of a 
carbamate ion with proton. release. 

R. E. Forster (University of Pennsyl- 
vania) reported kinetic data on the re- 
action of CO2 with human hemoglobin 
in a rapid reaction apparatus with a 
CO2 electrode. He found a bimolecu- 
lar combination rate of 11,000 M-1 
sec-" and inferred a dissociation velocity 
constant of 500 sec-t at 37?C. 

J. V. Kilmartin (Cambridge Uni- 
versity) and L. Rossi-Bernardi (Milan) 
reported the selective blocking of the 
a-amino groups of horse hemoglobin 
by treatment with cyanate. They 
obtained three derivatives. In the first, 
only the a-amino groups on the a 
chains are blocked; in the second only 
those on the /3 chains are blocked; and 
in a third all a-amino groups are 
blocked. Blocking the a-amino groups 
on the ,3 chain did not alter the Bohr 
effect-the release of protons on oxy- 
genation. However, blocking the groups 
on the a chains decreased the effect by 
about 30 percent. Blocking of all 
terminal amino groups essentially elimi- 
nated CO2 binding by henoglobin at 

physiological pH. Blocking of either 
the a or the f/ chains decreased CO, 
binding to a half. This reaction gives 
decisive experimental proof that the 
a-amino groups are responsible for 
the binding of CO. by horse hemo- 
globin. L. Rossi-Bernardi (Milan) de- 
scribed a new and much improved 
quenching method for measuring CO., 
bound to proteins as carbamate. 

There were several sessions on the 

erythrocyte carbonic anhydrases. Three 
human isozymes-carbonic anhydrases 
A, B, and C-are known. Enzyme C 
has high specific activity; enzymes A 
and B have much lower activity. The 

red cells of mammals in general ap- 
pear to contain at least one "high 
activity" enzyme (C) and generally also 
a "low activity" enzyme (B), probably 
genetically related to those found in 
man. All contain one essential zinc 
atom per molecule. 

A. Liljas (Uppsala) reported on the 
x-ray work of the group at the Uni- 
versity of Uppsala which is now obtain- 
ing high resolution data on crystals of 
human carbonic anhydrase C. As this 

group has shown earlier, the molecule 
is roughly ellipsoidal in shape with the 
essential zinc atom in a crevice large 
enough to permit the close approach of 
sulfonamide inhibitors. High resolution 
studies show that anionic inhibitors, 
sulfonamides, iodides, and negatively 
charged heavy metal complexes ap- 
proach very close to the zinc atom. All 
these compounds, except for the iodide, 
approach within binding distance of 
the zinc. 

J. H. Wang (Yale) proposed a de- 
tailed mechanism for the action of the 

enzyme. The CO2 is loosely bound to a 

hydrophobic cavity near the zinc and 
reacts with an OH- coordinated to the 
metal. Because the coordinated OH-< is 
a much weaker base than OH- in free 
solution, the spontaneous rate of re- 
action of the coordinated OH- with the 

nearby CO, should be about 1/10+8 of 
the experimentally determined rate for 
the enzyme-catalyzed reaction. Wang 
therefore concluded that an additional 
factor must facilitate the reaction and 

suggested that the OH- is not only coordi- 
nated to the Zn, but is hydrogen bonded 
to a strategically located basic group on 
the protein, such as an imidazole. 

P. 0. Nyman (Goteborg) reported on 
the amino acid sequence of carbonic 

anhydrase B, which contains one SH 

group in a single chain of about 260 
residues. Only one of the 11 histidines 
in the COOH-termiinal quarter of the 
chain reacts specifically with bromoace- 
tate. Another histidine in the NH.,-ter- 
minal third of the chain reacts specifical- 
ly with N-chloroacetyl chlorothiazide. 
As shown earlier by P. L. Whitney et al., 
the latter derivative has lost all enzy- 
matic activity; the former has much 
lower activity than the native enzyme, 
and its pH dependence curve is shifted 
to high pH. 

Mme. G. Laurent (Marseille) re- 
ported that treatment of human car- 
bonic anhydrase B at high pH can split 
the enzyme into multiple electrophoreti- 
cally different components of which the 
functional fragment is probably equiva- 
lent to enzyme A. 
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J. B. Coleman (Yale) studied the 
optical absorption and circular dichro- 
ism of complexes of carbonic anhydrase 

with a highly colored sulfonamide de- 
rivative. The sulfonamide itself has no 
optical activity, but on binding to the 
enzyme it induces large ellipticity bands 
not previously present. The replacement 
of zinc by cobalt in carbonic anhydrases 
gives rise to multiple visual absorption 
bands. In human carbonic anhydrase B, 
a "low activity" enzyme, these are 
optically inactive, although sulfona- 
mides, metal-binding anions, bicarbon- 
ate, and acetate induce asymmetry so 
that strong ellipticity bands appear in 
the visible region. However, the cobalt 
derivatives of the "high activity" en- 
zymes, bovine enzyme B and human C, 
give optically active bands, in the vis- 
ible, even without the presence of the 

- - compounds that induce asymmetry in 

-. 0 - - S - - 0 - - - human B enzyme. This points to an 
important difference in the nature of 
the active center between the "high 
activity" and "low activity" enzymes. 
Likewise, in amino acid sequence (Ny- 

11 ., U K ..r B  man) the two high activity enzymes, 
although from different species, appear 

- 4 e e . ---. to be more closely related to each other 
.' . . ' :ee 9 '. '.9 thanarethehumanBandCenzymes. 

The next session was devoted to the 
Circle No. 88 on Readers' Service Card role of CO2 and bicarbonate in enzy- 

matic carboxylation reactions. T. G. 
Cooper (Purdue University) presented 

RAPID GEL DESTAINING evidence, obtained with T. T. Tchen, 
H. G. Wood, C. R. Benedict, and D. Q. 
Filmer, that CO2 is the reactive species 
in the carboxylation catalyzed by P- 
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vania) examined, largely by nuclear -4 

magnetic resonance studies, the vital 
role of the essential metallic ion (most 
commonly manganese) in COa fixation 
by the biotin carboxylases; they pro- 
posed a detailed mechanism for this role 
in these reactions. 

The final session primarily concerned 
aspects of the currently unexplained 
finding that the P0o2 of alveolar gas in 
the lungs may become greater than arte- 
rial P02. E. J. M. Campbell (Royal 
Postgraduate Medical School, London) 
described studies in man in which this 
inequality was found to increase as 
transient CO exchange increased. G. 
Laszlo (Johns Hopkins) found that in 
perfused dog lungs alveolar co2 re- 
mained equal to arterial PCOO if there 
was no net CO2 exchange. However, 
G. Gurtner (State University of New 
York at Buffalo) reported that alveolar 

P0o2 was greater than arterial P002 
under conditions where CO2 exchange 
would have been expected to be mini-    -4 
mal. He suggested that there is a higher - - . 
[Hi near the wall of the pulmonary  

capillary, which leads to a greater local 
[H2C0 Ii and raises the CO2 in the al- 
veoli. No completely satisfactory ex- 
planation for these apparent violations 
of the generally accepted belief that CO2 
equilibrates between alveolar gas and  

end-capillary blood was presented. 
This symposium was supported by 

the National Aeronautics and Space . .,, . , .,, , ... . 

Administration and the National Heart 
Institute. The proceedings will be pub- 
lished this year by the Scientific and 
Technical Information Division of the 
former as NASA SP-1 88. 
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