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ever, exists in the interaction between hexokinase 
and the two substrates. While all the components of 
a d-glucose solution at equilibrium react with hexo
kinase, of the various d-fructose modifications only 
that fraction present in the furanose form serves as 
substrate. This very reactive and labile substance 
has about twice the affinity of glucose for hexo
kinase. lf fructofuranose and glucose compete for 
hexokinase, as they do in the fermentation of invert
sugar, the relative rates of disappearance of fructose 
and glucose from the medium depend on the relative 
concentrations of fructofuranose and of glucose inside 
the cell and their relative adllnities for the common 
enzyme. While at room temperature with brewery 
and baker's yeasts the much higher concentration of 
the a ldehyde sugar within the cell outweighs the 
greater affinity of fructofuranose for hexokinase 
('selective fermentation of glucose'), in the case of 
Sauternes yeast the greater permeability of the cell 
membrane of this yeast for fructofuranose plus the 
higher affinity of this sugar for hexokinase result in 
the 'selective fermentation of fructose'. 

It seems to be noteworthy that d-fructose, when 
taking part in the biological formation of fructose-6-
phosphate, fructose-1,6-diphosphate, aldosido < > 
fructosides and polyfructosides, always reacts in the 
labile furanose form. This may suggest an interpreta
tion of the central role assigned to d-fructose in the 
metabolism of carbohydrates. 

Full details will be presented elsewhere, including 
a more complete survey of the literature. 
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T HE thirty-second annual report of the director, 
Dr. E. R. Weidlein, to the trustees of the Mellon 

Institute of Industrial Research, Pittsburgh, Pa., 
covers the year ending February 28, 1944, and the 
third year of war research at the Inst itute. Research 
and advisory collaboration with the War and Navy 
Departments grew in scope and value during 1944-45, 
as well as investigations and other technical help 
for the War Production Board, Rubber Reserve 
Company, National Defence Research Committee 
and the War Metallurgy Committee of the National 
Academy of Sciences. During the year in question, 
ninety-four industrial research programmes were in 
operation, of which fifty-four were multiple fellow
ships ; this does not include seven fellowships the 
activities of which stopped for the duration of the 
War. Of the ninety-four fellowships, three have 
been proceeding for thirty years and four others for 
twenty-five years; twenty-two have been proceeding 
for more than ten years, and twenty-seven have been 
in operation for five years. During the year 1943--44, 
the Institute's expenditure for pure and applied 
research amounted to 2,042,385 dollars ; 244 fellows 

were employed, together with 232 research associ
ates and assistants, laboratory assistants and 
technicians . 

From the long list of investigations mentioned in 
the report it is possible to select only a few for mention. 
In the physical field an investigation has shown the 
potential speed of a process for separating gas 
mixtures by diffusion into a fast streaming vapour. 
Methods for measuring surface areas of porous 
adsorbents have been studied critically and a method 
published for determining thermal conductivities at 
low temperatures. An investigation on frictional 
losses in vaned elbows of asbestos ducts has led to 
these losses being reduced to an absolute minimum. 
Research on the treatment of dry air-set mortars 
so as to prolong the period during which they may 
be stored has led to products which may be stored 
about four times as long as the present material, 
and the manufacture of products such as 'Garcrets', 
'Garspar', and 'Gartex' has been improved in effi
ciency. A new process devised for the manufacture 
of 'Garsand', a promising glass batch ingredient, 
will form the basis of an extended programme. A 
combination limestone-lime process which offers 
substantial saving in many localities has been 
developed for treating waste pickle liquor, and 
current investigation indicates that magnetic iron 
oxide of pigment quality can be obtained from 
waste pickle liquor by a simple process with low 
operating costs. 

A study of the impurities in nitration benzene 
indicated that the principal contaminants are naph
thenes, some of which have boiling points as much 
as 20° above that of benzene. A rapid and acourate 
method has been developed for determining hydrogen 
cyanide and its derivatives in the gaseous, liquid or 
solid state, as well as a new process for making 
guanidine nitrate. Investigations on the rheological 
properties of tar products have led to the manufac
ture and introduction of a pitch compound of modified 
flow characteristics, suitable for protecting metal 
products such as corrugated roofing and siding, flat 
and V-crimp sheets and associated constructional 
accessories. A process has been discovered for 
vinylnaphthalene, which has promise in plastic tech
nology, and progress has been made in the synthesis 
of picolines and vinyl derivatives of pyridine and in 
the oxidation of lutidine and picolines. The synthesis 
and properties of 1 : 1 : 3-trimethylcyclopentane, a 
new hydrocarbon, have been described. The identi
fication of some fifty alkylated phenols, based on the 
properties and X-ray diffraction spectra of their phenyl 
isocyanate derivatives, has been published. Much 
attention has been given to the development of 
improved synthetic lubricants for aircraft instruments, 
and a high-quality product has been developed. 
Lubricating oils for watches and similar fine mechan
isms are a lso being investigated, as well as the pro
duction of chemicals for improving hydraulic fluids 
and low-temperature lubricants for the Armed Forces, 
whilo collaborative testing of extreme pressure 
addition agents has been carried out for a Government 
agency. 

A study of the proteolytic enzyme activity in chicken 
eggs has been concluded and an economic process 
for drying yeast will soon be in operation. Funda
mental advances have been made in the programme 
on cotton properties, and other investigations in 
the textile field have covered sizes for knitted hosiery, 
resin coating for fibres, and new treatments of woollen 
felts against heat, water, chemicals and abrasion. 
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Special reference is made in the report to the 
investigations of the Department of Research in 
Pure Chemistry on the synthesis of new anti-malarials, 
particularly the application of the novel hydroxy
ethylating agents, and a hydroxyethyl analogue of 
'Pamaquin' has shown considerable promise. Sulphur 
derivatives of quinoline have also been prepared, as 
well as ten new bases of 2-styrylquinoline type in 
which a modification of Brahmachari's method raised 
the yiold from 2 ·5 per cent to 80 per cent. Conditions 
have a lso been established for the formation of the 
p-dialkylaminobenzylidene diquinaldines, and four 
new 4-p-dialkylaminostyryl-quinolines have also been 
prepared as well as 6-hydroxyethoxylepidine and the 
corresponding 6-hydr9xy derivatives. The pharmaco
logical properties of the hydroxyethyl-ether derivative 
of morphine have been determined, and an intensive 
search made for morphine derivatives free from the 
medically undesirable side-effects and less liable to 
cause addiction. The Institute is also participating 
in the thirteenth revision of the Pharmacopeia of 
the United States, which is n ow under way. 

Studies of the physical and chemical properties 
of synthetic racemic menthol have been published, 
and a method developed for determining iodine 
in organic compounds. The Institute is also co
operating in an important investigation of chemical 
methods of analysis for the highly insoluble glass 
required for ampoules for penicillin and organic 
arsenicals. 

A RADIO NAVIGATIONAL AID 

A NOVEL method of position-finding by the aid 
of long radio waves, applicable to both aerial 

and marine navigation, has been developed to prac
tical utility during the War by the Decca Record 
Co., Ltd. 

The system uses two or more fixed transmitting 
stations which radiate signals of constant frequency 
and amplitude in all directions along the ground. At 
the receiving point the difference in phase of the 
waves arriving from two stations is measured, and 
it is then known that the receiver is on one of a 
number of hyperbolic curves, which are the loci of 
points of equal phase difference from the two trans
mitters. By repeating the observation on the 
signals from a third station compared with one of 
the first two, the position on an intersecting series 
of curves is found, and so the exact location of the 
receiver is determined. The phase comparison must 
be carried out on signals of identical frequency, but 
since only signals of different frequency can be re
ceived separately, the transmitting stations operate 
on different frequencies having a common harmonic 
relationship, and the necessary restoration to a com
mon frequency for measurement purposes is carried 
out in the receiver itself. 

In the development of the Decca Navigator 
system, great care has been taken to secure adequate 
frequency control of the transmitters and also of the 
reference oscillator in the receiver, which has been 
designed around radio circuits of high stability. The 
actual measurement of phase is carried out with a 
special meter which, by means of a train of gears and 
suitable indicators, displays a direct reading of the 
phase difference for transfer to the chart supplied 
for use with the instrument. Various precautions 
have been taken to render the whole system free 

from variations of phase of the signals due to instru. 
m ental changes, and the sites of the transmitting 
stations are selected so as to avoid so far as possible 
any effect of varying ground conditions on the prop· 
agation of the radio waves used. It is claimed that 
at a range of 300 miles, the navigating system is 
accurate to about 200 yards, and for shorter ranges 
it is more accurate still. Much greater ranges are 
possible for daylight working, but during the night 
the effect of ionospheric waves superimposed upon 
the ground waves may limit the range at which the 
highest accuracy can be obtained. 

During the War the system was used by the 
Admiralty ; and it has now been disclosed that it 
was used from D-day onwards to guide the leading 
minesweepers and landing flotillas. The system is 
likely to have peace-time applications to both air 
and marine navigation. 

EXCHANGES OF INORGANIC IONS 
THROUGH LIVING MEMBRANES 

T HE large differences in concentration of single 
ions (especially potassium and sodium) between 

living cells and their SUIToundings were discussed at 
the Croonian Lecture of the Royal Society*. These 
differences are generally maintained by transport 
work through the surface layer making good the 
simultaneous diffusion losses. 

Membranes differ greatly in permeability as shown 
by selected examples. The blood vessels of the verte
brate central nervous system in particular show char
acteristics of permeability approaching those of the 
surfaces of many cells. They are highly permeable 
to water and lipoid-soluble substances, but only 
slightly permeable to crystalloids including ions. 

A number of examples were given demonstrating 
the active transport of ions through membranes com
posed of cells (plant roots, gills of aquatic animals, 
intestinal epithelium, etc.) and into (or out of) 
individual cells (giant plant cells, root cells, erythro
cytes, striated muscles, etc.). All the cells studied 
are freely permeable to water, but the difference 
between mechanically supported plant cells and naked 
animal protoplasts was emphasized. The latter must 
always be in osmotic equilibrium with their sur
roundings, while the former can build up a surplus 
pressure by active absorption of ions. 

In the case of plant roots, the energy expended in 
absorbing anions is considerable ; but in animal cells 
the permeability is so slight that the energy exchanges 
involved in active transport cannot be measured. 
In several cases the process depends upon the access 
to glucose or oxygen or both. 

In cases where an active transport takes place, 
the passive permeability can only be measured by 
means of isotopes and only when special conditions 
are maintained. Several experiments with isotopes 
have been recalculated to give absolute permeability 
figures, and these show for erythrocytes and muscles 
higher values for sodium than for potassium, a result 
incompatible with a eimple pore permeability, but 
supporting the Lundegardh conception of mosaic 
surface films of the Langmuir pattern. 

• Abstract of the croonian Lecture "The Active and Passive 
Exchanges of Inorganic Ions through the Surfaces of Living Cells 
and through IJving Membranes Generally", delivered by Prof. August 
Krogh, For.lllem.R.S., before the Royal Society on October 25. This 
Lecture should have been given in 1940, but Prof. Krogh was then 
unable to travel to England. 
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