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monly used for this antibiotie, but it is also known by the more chemieal
name chloramplenicol. The compound contains chlorine and is pro-
duced by a streptomyces, henee it is quite apparent how the word
Chloromyecetin came to be devised. The microorganism producing
Chloromycetin is called Streptomyces venezuelae, an obviously poor name
since it denotes geographieal origin and not an inhcrent characteristic.
The microorganism was obtained from a sample of so0il from Venezuela.
It has also been found in soils from Illinois and Japan and is probably
widely distributed in nature.

It is produced industrially both by fermentation and by synthesis.
To date it is the only eommereial antibiotie that is produced synthetically
as well as by fermentation.

The most distinetive feature about the chemieal structure of Chloro-
mycetin is the nitro group. Few organic compounds in nature contain
a nitro group. It also contains chlorine, which, though not common,
oceurs in aureomyein and a number of mold products, e.g., erdin. The
presence of an amide linkage relates it to peptides and cxplains its
hydrolysis by enzymes found in cells of Proteus vulgaris. Chloromycetin
contains no acidic or basie groups, hence it does not form salts. It is
a neutral compound that crystallizes as colorless ncedles or elongated
plates,

Chloromyeetin is relatively inactive against gram-positive bacteria,
but is very potent against the gram-negative bacteria associated with
intestinal diseases such as typhoid fever and dysentery. It is active
against the same rickettsial and viral diseases as aureomycin and terra-
myein.

Chloromyecetin is relatively stable to acids and alkali, is rapidly ab-
sorbed from the gastro-intestinal tract, and hence is usually given by
mouth. Liver and kidney tissues reduce the —NO: group to an —NH.
group. About 90 per cent of the administered dose is exereted as an
inactive compound and 10 per cent as unchanged Chloromyecetin in 24
hours.

Terramyecin, aureomyecin, and Chloromyecetin are alike in bacterial spec-
trum and appear to be similar in their mode of action; they interfere
strongly with protein synthesis but are much less effective in stopping
nucleic acid synthesis. A more speeific reaction in protein metabolism
has been observed for Chloromycetin. It acts as an antagonist against
phenylalanine, but the antagonism is noncompetitive. Only low con-
centrations of Chloromycetin can be overcome by addition of phenyl-
alanine. At higher concentrations its effect cannot be reversed by
adding more phenylalanine. This makes Chloromyeetin a particularly
effective antimetabolite since the inhibited organism cannot counteract
the Chloromyeetin by producing more phenylalanine.

Bacitracin, Polymyxin, and Tyrothricin. These three antibiotics are
all polypeptides and are produced respeetively by Bacillus licheniformis,
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Bacillus polymyxa, and Bacillus brevis. The amino acid content of
bacitracin is given in Table 54 and presents no unusual features. There
are several polymyxins, A, B, C, D, and E, and cach one contains large
amounts (more than 50 per cent) of the unusual amino acid, L-a;y-di-
aminobutyrie acid. A second distinetive feature is the presence in the
molecule of a nine-carbon fatty acid, probably 6-methyloctanoie acid.

Tyrothricin is not a homogencous substance but consists mainly of
gramicidin, a neutral eyelic polypeptide.  On hydrolysis gramicidin gives
five amino acids and ethanolamine, NH.CH.CH.OH.

Bacitracin resembles penieillin in being most active against gram-posi-
tive bacteria. It causes kidney damage (evidenced by albumin in the
urine). Because of this toxic effect, its use is limited to combating local
infections.

The polymyxins are very potent against gram-negative bacteria, in-
cluding the very resistant Profeus and Pseudomonas bacteria.  Unfortu-
nately, the polymyxins cause more or less kidney damage, so their use
will probably be limited to refractory infeetions that do not respond to
other treatments.

Tyrothriein is the oldest commereial antibiotie, but probably the least
used of the commercinl products. It aets on gram-positive bacteria
but is not suitable for injection or oral administration. It i1s used only
for topieal purposes, that is, where it can be brought into direet contaet
with the infecting organism, e.g., surface abscesscs.

Because of the millions of gallons of media that must be used for the
production of antibioties, the fermentation is done in deep tanks of
5-15,000 gallon capaeity. Sterile air is foreed through the medium at
the rate of about one-half volume of air per volume of medium per minute.
The medium is also stirred vigorously to inerease aeration. Deep tank
fermentation was first developed for the production of peniecillin and
later applied to the production of other antibiotics and vitamins.

Vitamin Bie is produced simultaneously with streptomyein, aureomyein,
and terramyein. Hence producers of these antibiotics obtain a second
valuable product in the same fermentation. Vitamin Bis is also pro-
duced commercially by a mixed aerobacter-proteus type of fermentation.
The vitamin is formed by many different kinds of bacteria and molds.
Yeasts produce little, if any, of it.

By yeast

Baker’s yeast can grow under both acrobic and anacrobie conditions.
If an abundance of air and a low concentration of sugar (e.g., 0.5 per
cent) are supplied, the end products of metabolism are mainly carbon
dioxide and yeast (50 per cent of the weight of sugar is obtained as dry
weight of yeast); there is practically no aleohol. See Fig. 14-2.
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If the sugar content of the medium is raised to 5 per cent, the yield of
yeast is markedly reduced, and much aleobol is formed.  In other words,
an anaerobic type of metabolism comes to the front, although an abun-
dance of air is present. The explanation for this is that ordinary yeast

’ . y ¥
Courtesy of Dr. Charles N. Frey, Fleischmann Laboratories.
Fig. 14-2. Budding veast cells.

has a weak aerobic enzyme system and a strong anaerobie system. If
more sugar is present than can be metabolized acrobically, the anaerobic
system begins to operate.

By molds

Molds cannot grow in the absence of air; carbon dioxide and water are
the usual produets of metabolism. However, many speeies convert a
large pereentage of the sugar in the medium into other carbon products.
Examples of products that make up more than 40 per cent by weight of
the sugar consumed and the molds produeing them are given in Table
14-1. The highest yields of compounds in the table are for gluconic
acid. Actually over 100 per cent has been obtained, if allowance is
made for glucose going to mycelium. This yield is possible since one
oxygen is added per mole of glucose, whieh amounts to 196 g. of gluconie
acid from 180 g. of glucose, or 109 per cent.

Citric Acid. This acid has been obtained many thnes in yields of
80-90 per cent, but the usual yields, without allowing for glucose going
to myeelium, are around 70 per cent. Very special conditions have to
be maintained to keep the mold growth low. Such conditions are low
concentrations of metals, particularly manganese, high econcentrations
of sugar, and low pH in the medium. An explanation for the effect of
manganese is that this metal serves as a cofactor for some enzyme system
that functions in the breakdown and oxidation of eitrie aeid. If there
is a deficiency of manganese, the enzyme cannot operate, and then citric
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acid accuinulates. Associated with citric acid production is sparse spore
formation. The mycelium presents a beaded or braided appearance, and
this appearance supports the idea that accumulation of eitric acid is an
abnormal type of metabolism.

One of the theoretical problems connected with citric acid production
1s how to harmonize the high yield with the conventional system of inter-
mediary metabolism that operates in yeast and animals (p. 331). This
system would require three 2-carbon pieces, or one and one-half moles
of glucose per mole of ecitric acid. On a percentage basis only 71 per
cent of citric acid could be obtained. Many theories have been proposed
to account for higher yields. The current and best explanation is the
uptake of carbon dioxide by pyruvic acid to form oxalacetic acid (Wood-
Werkman reaction) and condensation of this acid with acetic acid to form
citric aecid:

CO, + CH, * CO + COOH— HOOC - CH, * CO - COOH
HOOC - CH, * CO * COOH + CHy - COOH— HOOC: CH, * C(OH) * COOH

CH, - COOH

Uptake of isotopic carbon dioxide has been shown to take place, but
whether this is adequate to account for the high yields is still not certain.
The mechanism of citric acid formation is under active investigation in
both animal and mold studies, and many of the questions now unanswered
should be eleared up in the near future.

Penicillin. Besides the major products mentioned in Table 14-1,
molds produce hundreds of other compounds in amounts from a fraction
of a per cent to 10 per cent. The best known of these products is peni-
cillin. Approximately 20 tons of penicillin are produced every month
in the United States alone. Yields of 1 g. of penicillin per liter of medium
are usual, and about 70 per cent of the penicillin in the broth is recovered
as finished product. A typical medium is: lactose, 3 per cent; corn
steep solids (the concentrate of the water extract obtained in the indus-
trial manufacture of starch, gluten, and other corn products), 3 per cent;
calcium carbonate, 0.5 per cent; sodium sulfate, 0.1 per cent; phenyl-
acetic acid, 0.3 per cent. The medium is sterilized, inoculated with a
high-yielding strain of Penicillium chrysogenwm, and aerated and stirred
vigorously during the fermentation period, 3—4 days. The penicillin is
extracted from the acidified broth with amyl acetate, transferred to a
buffer, purified, and finally crystallized as the sodium, potassium, or
procaine salt. Since penicillin is an aeid, many different salts can be
made, but the above three are those in commercial use. More than a
dozen companies are producing penicillin in this country, and the market
value of the yearly product has been more than 100 million dollars for
several years. See Fig. 14-3.
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(a) (c)

Fig. 14-3. Production of penicillin. (a) Colony of the high-yielding
penicillin mold, Penicillium chrysogenwm, Wis. Q176. This culture was
used industrially for many years to produce penicillin. (b) Fermentation
tanks of 6000 gal. capacity used in the submerged production of penicillin.
(¢) Crystals of the sodium salt of penicillin.
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The yield of penicillin has been increased about a thousandfold over
that obtained in the beginning of its produetion. The high yield has
been attained largely by seleetion of better cultures. The best of these
have been obtained by treating the mold spores with x-ray, ultraviolet
light, or N-mustard gas to give high-yielding mutants.

Other factors in obtaining high yields have been the use of better
media and better methods of aeration and agitation of the media. The
improvement in penicillin yields is strikingly similar to the development
in wheat-raising. Penicillin produetion might be called factory farming,
for the prineiples operating are the same as in ivheat production.

Molds produce at least a half dozen different types of penicillin in
the same medium. These differ only in the R group part of the mole-
mule. Today, only one type of penieillin is wanted in commerce, that
is the benzy!l or G penicillin, which has the formula

H_S
CJI;—Cllg——(lf—NH-—(llH—C/ SC—(CHy):
—(C—N——CH—COOH
: 0 0=C—N CH
R group  Ppenicillin G

If a suitable precursor, e.g., phenylacctic acid, is added to the medium,
the mold obligingly responds by incorporating this compound into the mol-
ecule. Other R groups are: in F penicillin, pentenyl (CHjy+CH, - CH =
CH - CHs—) ; in K penicillin, heptyl (CHg - CHs - CH. - CHs » CH, - CH., -
CHs—). More than 20 penicillins have been obtained by addition of
the appropriate precursors.

Penicillin acts on gram-positive bacteria, and in exceedingly low con-
centrafions.  For example, 0.03 units per milliliter will inhibit the growth
of the assay organism Micrococeus pyogenes var.aureus (formerly called
Staphylococcus auwreus). Sinee a unit of penicillin is 0.6 pg., 0.03 unit
is less than 0.02 pg. per milliliter or 2 mg. per 100 1. of medium. A
clinical dose of 100,000 units is only 60 mg. Unfortunately, strains of
microorganisms that are resistant to penicillin arc beginning to appear.
These resistant strains probably come from patients who have been re-
cently treated with penieillin,

The most obvious effect of penicillin on the microbial cell is that al-
though the cell grows larger, it does not divide. This shows that formation
of cell constituents, e.g., proteins and nucleic acids, continues for some
time after the penicillin enters the cell. Eventually the enlarged cell
bursts.

Interference with absorption of amino acids, protein synthesis, nucleic
acid synthesis, and phosphorylation reactions have all been attributed
to penicillin. It is difficult to determine whieh of these are primary
cffects and which are secondary manifestations. Metabolism is a series
of events, and interference at one place will show up in all subsequent
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places and eventually reflect back to the original point of interference.
It would probably be more correct to think of metabolism as a eycle
rather than a ehain of events.

Penicillin is speeifically and irreversibly bound by gram-positive bac-
teria. For example, 0.49 units of penicillin per gramm of dry weight
are bound by cells of Bacillus cereus. Extracts of the cells also bind
the penieillin, and it should be possible to identify the substanee in the
extract that possesses binding power. It may be that the reaction hetween
penicillin and this cell constitutent is the primary reaction and other
effects are secondary.

A well-defined effect of penieillin on nueleie acid metabolisim is reported
by Park. This is the accumulation of uridine-5"-pyrophosphate complexes
in cells of Staphylococcus aureus that have been treated with penieillin.
In addition to uracil, ribose, and phosphorie acid, one of these complexes
contains an N-acetyl amino sugar. A second complex contains L-alanine
in addition to the other four components, and a third has attached to
it a peptide made up of br-alanine, L-Iysine, and p-glutamic acid. Proh-
ably the accumulation of these eomplexes is a secondary effect caused
by the bloeking of some reaction that utilizes the uracil compounds.

From the discussion given, it is evident that the specific effect of
penicillin is still undetermined.  However, since many able investigators
arve attacking the problem, distinet progress toward its solution may be
expeeted.

Tetronic Acids. The production of a series of compounds closely
related in strueture is a characteristic feature of mold metabolism.  Be-
sides the penieillins, another such series is the tetronie acids.

B o
HO—C===C—H(R)

(R)11-CH,—((‘1\0 _C=0
i

1. y-Methyl tetronic acid, Penicillium charlesii.
2. Carolinic acid, P. charlesii:
R’ = CO(CH,),COOI (suceinyl group).
3. Carolic acid (+H.0), P. charlesii:
R’ = CO(CH,).CIH,0H (y-hydroxybutyryl).
4. Terrestrie acid (+H.0), P. terrestre:
R’ = CO(CH,).CHOH - CoH;
(an ethy] derivative of the R* group in earolic acid).
5. Dehydrocarolie acid (+H,0), Penicillium cinerascens :
CIH,— of carolic acid is replaced by CHy=
6. Carlie acid, P. charlesii:
R = HOOC; R’ = CO(CH.)sCH,OH (y-hydroxybutyryl)
7. Carlosie acid, P. charlesii:
R = HOOC; R’ = CO* CH,CH.CHjy (butyryl).
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Formulas with (4+H20) mean that their peculiar structure is present
only in water. These compounds crystallize as anhydrides. y-Methyl
tetronic acid may be regarded as the parent substance, and the others,
as substitution produects. Carolinic acid has a suceinyl group in place
of the hydrogen on the a-carbon. Carolic acid has a carbinol group
instead of a carboxyl group in the side chain. In ecarlosic acid the end
group in the R’ side chain is methyl. These three compounds clearly
represent different degrees of oxidation. In earlosic acid and earlic aeid
there are also carboxyl groups replacing the hydrogen at R in the formula.
All of these compounds are produced in only small amounts, in the order
of 1 to 2 per cent of the sugar fermented. It is of special interest that
five of the compounds are produced by the same mold. These must be
interrelated in the metabolism of P. charlesii.

Many other such series of compounds have been deseribed by Raistrick
as characteristic of mold metabolism, e.g., a citric, an anthraquinone,
and a tropolone series. Over 200 mold products have been isolated in
more than a quarter eentury of research work by Raistrick and co-workers.
From this wealth of material many interesting features of mold metabolism
have been discovered. For more information see his review paper listed
in the references at the end of this chapter.

Another noteworthy aspect of mold metabolism is the formation of
organic chlorine compounds. Examples of such compounds are erdin
(C16H100:Cls), and geodin (Cy7H,207Cls). These two compounds are
produced by the same mold, Aspergillus terreus, and arc closely related
in structure.

Spoilage of such commercial products as wood, paper, leather, hay,
grain, bread, ete., constitutes a debit side of mold activities. An
inhibitor of mold growth, propionic acid, is widely used in the bread
industry. For use on nonfood materials, there are a number of mold
inhibitors, e.g., pentachlorphenol, C4ClOT.

ANAEROBIC METABOLISM OF CARBOHYDRATES

By bacteria

The anerobic metabolism of baecteria is probably more diversified than
the aerobic and probably results in a larger number of products. (See
Table 14-1.) The principal types of anaerobic fermentations can be
classified by their major end produets, as follows:

1. The homolactic type of fermentation (e.g., by S. lactis) accounts for
more than 90 per cent of the glucose as lactic acid. Thus

CeH,204 = 2CH, - CHOH - COOH
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2. The heterolactic fermentation (e.g., by L. pentoaceticus) turns about
half of the glucose into lactic acid and converts the other half mainly
into earbon dioxide and ethyl aleohol. The equation is

Cgl1,204 = CH, - CHOI - COOH 4 CO, + CHj  CH,OH

Sometimes considerable amounts of acetie acid and small quantities of
glycerol are formed. ‘

These two types of lactic aeid fermentation, homolactic and hetero-
lactie, are important in the industrial production of lactic acid and in
the making of cheese, sauerkraut, pickles, and silage.

3. The propionic fermentation (e.g., by P. pentosacewm) gives propionic
acid, acctic acid, suceinic acid, and carbon dioxide as major products,
but under certain conditions considerable amounts of lactic aeid are
formed. The propionic fermentation may be regarded as superimposed
upon a homolactic fermentation, but it does not secem probable that lactic
acid is an intermediate in the production of propionic acid. In this and
the following fermentations the reactions are too complicated to be readily
expressed by simple equations.

4. The colon-aerogenes-typhoid bacteria, not only produce all of the
compounds formed by the mixed lacties except glycerol, but in addition
make formic acid, hydrogen, and butylene glyeol. This is a very hetero-
geneous group of organisms, and the proportion of the products to one
another varies greatly with the species of bacteria. Perhaps the most
distinctive products are: formic acid by Eberthella typht, acids and
hydrogen by Escherichia coli, and acetoin and butylene glycol by Aero-
bacter acrogenes.

5. The butyric acid fermentation (e.g., by CL acetobutylicum) is char-
acterized by the almost complete absence of lactic acid and the appear-
ance of acetic acid, butyric acid, carbon dioxide, hydrogen, butyl aleohol,
ethyl alcohol, and acetone. Isopropyl alcohol may replace acetone
wholly or in part in certain butyric fermentations. Some bacteria in
this group do not form the last four compounds, collectively called
solvents, while others produce them in large amounts.

6. The naturally occurring methane fermentation (e.g., by Methano-
bacterium omelianskii) involves a unique type of metabolism. The two
extremes of oxidized and reduced carbon produets, carbon dioxide and
methane, meet here. This apparent contradiction did not appear so
strange when it was discovered that methane arose, at least partially,
by reduction of carbon dioxide with hydrogen. Methane (also ealled
marsh gas) occurs extensively in coal mines, stagnant waters, sewage,
certain types of plants, and in the intestinal tract of animals.

7. Fairly well-characterized polysaccharides have been obtained from
more than 60 species of bacteria. Some of these give unusual products
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on hydrolysis such as glucuronie acid, p-arabinose, and inositol. Some
of the most notable polysaccharides, their important characteristics, and
the baeteria producing them are as follows:

(a) Cellulose. This is true cellulose, identical in ehemieal and physical
properties with that found in higher plants. It is produced by Acetobacter
aylinwm and other members of this genus.

(b) Polysaccharides with marked physiological and chemical proper-
ties are produced by many pneumococei. The polysaccharide produced
by Type I1I consists of alternate glucose and glueuronice acid units bound
together through oxygen by a g-linkage from carbon 4 of the glucose
to carbon 1 of the glucuronte acid and a second g-linkage between earbon
3 of the glucuronic aeid and earbon 1 of the glucose. There appear to
be over 600 units each of glucose and glueuronie aeid in the polysaccharide
chain. The polysaccharide has marked antigenie properties; when in-
jected into a rabbit, it evokes production of antibodies and immunity
against infection with Type III pnecumococcus.

(¢) Dextrans. Many baeteria produce dextrans, but L. mesenteroides
1s the best known dextran-producer. One reason for the current interest
in this bacterium is that it produces a dextran that is now being manu-
factured as a substitute for blood plasma. L. mesenteroides is found as
a contaminant in sugar factories, and the dextran produced interferes
seriously with manufacturing operations. A 10 per cent suecrose solu-
tion is fermented in about 24 hours and gives a yield of 25-35 per cent
dextran, based on sucrose used. The dextran comes from the glueose
part of the suerose molecule, but glucose itself does not give any dextran,
although the microorganism grows well on this sugar. On a glucose
medium the microorganism behaves as a heterolactic. The dextran
appears to be formed from suerose according to the following equation:

n(CyaHas041) = (CeH;005)n 4 n(CH;204)
Suerose Dextran Fructose

Some of the glucose and most of the fructose are fermented to lactic acid,
acetic acid, ethyl aleohol, carbon dioxide, and mannitol. Potent enzyme
preparations which bring about the rapid formation of dextran and
fructose from sucrose have been obtained from the culture solution.

The dextran has a branching structure with apparently a-1,6-linkages in
the main chain and a-1,4-linkages at the branching points (pp. 50 and 60).
The molecular weights of dextrans from different strains of L. mesenter-
oides are enormous, e.g., 25 to 80 millions. These dextrans are too large
for use directly as blood plasma substitutes. They are partly degraded
by controlled acid hydrolysis and fractionated to give products of suitable
size, e.g., molecular weights of about 75,000. Only about 10 per cent
of the original dextran is obtained as material suitable for clinical use.
An extensive search is now in progress for microorganisms that will pro-
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duce more suitable polysaecharides than those obtained from L. mesen-
teroides.

(d) Levans. Polysaceharides of this type are produced from suerose
by several microorganisms, e.g., Bacillus subtilis. Yields of levan up
to 30 per eent, based on the suerose used, have been obtained.  Enzyme
preparations give approximately the same yields, and the reaction seems
to follow the same equation as for dextrans, but the polysaccharide and
free sugar are reversed. Thus:

1(C2Hpa04y) = (C4H,405), + n(Cell204)

Sucrose Levan Glueose

By yeast

In the absence of air, ethyl aleohol and carbon dioxide aceount for about
90 per cent of the sugar fermented, as indieated by the following equation:

CoH 204 = 2C,H,01 4 2C0,

Small amounts of acetic acid and glycerol are also produced. If the
medium is kept alkaline, pH about 8.5, large quantities of aecetic acid
and glycerol are formed. The metabolism of the yeast is shifted so
that a minor produet, glyeerol, becomes a major produet. The equation
for the fermentation may be represented as

9CgH 204 + H:0 —

200, + CH,COOH + CH,CH,OH + 2CH,0H - CHOH + CH,OH
This theoretical distribution of produets is not realized, since more alcohol
and less glyeerol are usually formed.

Glycerol production may also be increased by adding sulfites to the
medium. This fixes the intermediate acetaldehyde as CH;CHOH - O-
+S80.Na and prevents its reduction to ethyl alcohol. A corresponding
amount of another intermediate, dibydroxyacetone phosphate, is con-
verted to glyeerol. The sulfite process for production of glyeerol was
used by the Germans in World War I. It is still under consideration, but
to date has not been operated successfully. The fermentation equation
may be written as

Cyl1205 = CH.OH - CHOH + CHLOH + CH,CHO + CO,

Only about one-half of this yield of glyeerol is obtained in practical
operations because some of the acetaldehyde escapes fixation and instead
goes to ethyl aleohol.

Under anaerobie conditions the yield of veast (dry weight) is around
5 per cent of the sugar fermented, about one-tenth as much as is pro-
duced under aerobic conditions.
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SYSTEMS OF INTERMEDIARY METABOLISM

Aerobic metabolism

Microorganisms that use oxygen have a glycolysis and oxidizing system
such as animals possess and metabolize glucose via pyruvic acid and the
citrie acid cycle to carbon dioxide and water. However, another route,
by which glycolysis is side-stepped and possibly also the eitrie acid eyele,
appears to funetion in yeast and baeteria, and to some extent in liver.
This route has been known for a long time but has not reeccived much
attention until recently. It has been called “the hexose monophosphate
shunt,” but this is a poor name since the route appears to be more than
a detour around glycolysis. It is a direct oxidation of glucose in which
a number of entirely new compounds appear as intermediates in the
following sequence:

Glucose = glucose-6-PO, ALl gluconic acid-6-PO;

(#)
-CO:
S 2-ketogluconic acid-6-PO, —> ribulose-5-PO;

(6)
4 C, compound (X2) —> tetrose) o
- { —  sedoheptulose-7-PO,

triose-3-PO, >
9)

® {giucosc—G-Pm —> recycled
e, Lo
b trisse-EOL tetrose-4-P0, ~2> 7 triose-3-PO; + CO,

The nature of the Cs ecompound in step 5 is still unknown; it does not
appear to be a glycolic aldehyde. The kctopentose, ribulose-5-POy, is
in equilibrium with the aldopentose, ribose-5-POy, but the predominant
form seems to be the ketose. The occurrence of a Cr sugar, sedoheptulose,
in the metabolism of a Cg sugar is an unexpeeted and noteworthy phenom-
enon. The disposition of the tetrose-4-POy (step 10) is still uncertain,
but it appears to go to a triose-phosphate and a one earbon compound,
which may be carbon dioxide. All details of the direet oxidation pathway
have not yet been worked out, but the main outlines of the route are
cvident.

Since some cells are equipped with both the glyeolysis-citric acid eyele
mechanism and the direct oxidation system, the question naturally arises
as to the relative importance of the two systems. Investigators are
cautious about expressing an opinion, because sufficient data are not
yet available for answering this question. However, judging from the
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number of papers that are appearing, some information on this problem
should soon be fortheoming.

A second type of direct oxidation that does not involve phosphoryla-
tion operates in the metabolism of glucose by certain aerobic bacteria,
e.g., Pseudomonas aeruginosa. Oxidation of glucose leads to gluconie
acid, 2-ketogluconie acid, pyruvie aeid, and the formation of large amounts
of a-ketoglutaric acid. Yields of this keto acid up to 0.55 mole per
mole of glucose have been obtained. This provides a convenient method
for the preparation of a-ketoglutaric acid.

ANAEROBIC METABOLISM

Yeast

Hexose diphosphate and pyruvie acid, so prominent as intermediary
products in animal metabolism, were first observed in yeast. The steps
in glycolysis are the same as far as pyruvic acid in both animal and
yeast metabolism. In yeast fermentation the whole process is anaerobic;
the pyruvic acid is decarboxylated to acetaldebyde, and this is then
reduced to ethyl alcohol. The hydrogen nccessary for the last step
comes from the dehydrogenation (oxidation) of phosphoglyceraldebyde
to phosphoglyceric acid via DPN-H. as carrier. If this reduction is
blocked, for example, by fixing the acetaldehyde with sulfite, the hydrogen
is used to reduce dibydroxyacetone to glycerol. Glycerol production
always oceurs to a slight extent (3-5 per cent of the glucose), but with
the main route of fermentation blocked, the yeast makes the side line
a main route. The alternative pathway is a very neat and convenient
device for continuing metabolism under adverse conditions.

If aleoholic fermentation is studied with labeled glucose, it is found
that carbon 1 appears in the methyl group, 2 in the carbinol group of
ethyl alcohol, and carbon 3 in the carbon dioxide. This accords with
the Embden-Meyerhof scheme of intermediary metabolism. (See Chap.
13.)

Bacteria

The so-called “mixed” lactic fermentation shows some unexpected
departures from the aleoliolic fermentation of yeast. Carbon 1 of glucose
appears in the carbon dioxide. Carbons 2 and 3 are found in the methyl
and earbinol (or carboxyl) groups, respectively, of ethyl aleohol (or
acctic acid). Carbon 4 comes out in the carboxyl group of the lactic
acid. The two halves of the glucose moleeule are metabolized differently.
Various intermediary compounds have been found. The first series of
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compounds appears to be the same as in the oxidative pathway of aerobie
organisms:

Glucose —> glucose-G-phosphate —  gluconic acid-6-phosphate

CO.

— 2.ketogluconie acid-6-phosphate —“‘{ )
ribulose-5-phosphate ——

{Cg compound —> ethyl alecohol or acetic acid
triose-3-phosphate —> lactic acid (+ H,;PO,)

The fermentation of glucose becomes a pentose fermentation after the
loss of carbon 1. The latter part of this formulation fits well for the
fermentation of pentoses by the same bacteria. A main difference be-
tween the two is that ethyl aleohol is a major product in the fermentation
of glucose; it is absent from that of pentose. On the other hand, acetic
acid is usually a minor product from glucose and a major product from
pentoses. The explanation for these differences probably lies in the
accumulation of a reduced coenzyme, perhaps DPN - I, in the glucose
fermentation. The aceumulated coenzyme may then be used for the
reduction of the Cs, intermediate to give ethyl aleohol. In the fermenta-
tion of the pentoses there is no such aceumulation of reduced coenzyme.

The discussion just given applies to the aldohexoses (glucose, galactose,
and mannose) but does not fit the fermentation of fructose. Fructose
gives approximately 1 mole each of carbon dioxide, acetie acid, and lactic
aecid, no ethyl alecohol, and 2 moles of mannitol. Mannitol is evidently
formed by reduction of other molecules of fructose and appears to be
paired with acetic acid as a reduction produet. The interrelations of the
two may be seen from the following equations:

C3H;204 + H,0 — CO, + CH,COOH + CH,CHOHCOOH + 4H
2CsH ;.04 + 4H — 2CH,;,04
Fruetose Mannitol

Usually less than 2 moles of mannitol are obtained per 3 moles of frue-
tose fermented.

The reasons for the differences between fermentation of glucose and
fructose will probably appear when labeled fructose can be used and
data are obtained regarding the intermediary compounds that are formed.
To date, there are no such data.

The mechanisms of other fermentations have been studied extensively,
but space in this chapter does not permit a detailed discussion of the
various steps leading from substrate to produet. Only a few short state-
ments and overall equations will be given.

Propionic acid appears to be either a reduction product of lactic acid
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or, more probably, a decarboxylation product of succinic acid. The latter
may be formed by uptake of carbon dioxide with pyruvie to form oxal-
acetie acid, and subsequent reduction of this to succinie acid.

4(H
CO, + CH,-CO-COOH —> 1100C-CH.CO-COOH =

HOOC:CH,:CH,COOIIL + I.0
The uptake of carbon dioxide by propionic acid bacteria was first demon-
strated by Wood and Werkman, and this mechanism is therefore desig-
nated as the Wood-Werkman reaction.
Sucecinie acid is also assumed to be formed by oxidative condensation
of two molecules of acetic acid. The overall equation is
1HOOC CH, + CH,COOH — 1100C CH,CH,COOH + 211

The two hydrogens are not released as gas but are used for the reduction of
other compounds.

Acetoin (acetylmethylearbinol) is formed in both yeast and bacterial
fermentations. In yeast it is formed by condensation of pyruvie acid
and acctaldehyde, and in bacteria by condensation of two moles of
pyruvie acid. a-Acetolactic acid is an intermediate in cach case. Equa-
tions for the formation by yeast may be expressed as follows:

CIH,CO - COOH + CH,CIIO — CH,, - COH - COOH
!_
CO-CH,

CIL;CO - COH - CH,y — CH, - CO+ CHOH - CH,, + CO,
I
COOH

In the biosynthesis by bacteria the first equation involves both con-
densation and decarboxylation.

9CH,CO - COOH — CH, » COH - COOH 4 €O,
|
CO-CH,

In the aecrogenes fermentation, acetoin is reduced to give a major
product, 2,3-butylene glycol.

CH, - CO- CHOH - CH, + 2H — CH, - CHOH - CHOH - CH,

In the colon-aerogenes fermentation, formic aeid and hydrogen are
conspicuous products. These come from the hydrolytic cleavage of
pyruvie aeid

CH,CO - COOH + H,0— CH4COO!H + IICOOH
and subsequent breakdown of formie acid by the enzyme, hydrogenlyase,

HCOOH — H. + CO,
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Butyric acid, butyl aleohol, and acetone all appear to arise from con-
densaticn of acetic acid by way of acctoacetic acid.

CH, + COOH + CH, - COOH — CH, - CO - CI, - COOH + H,0
CHy + €O+ CHy» COOH + 4H = Clly » CHa + CH, - COOH + H,0
CH, - CH, + CH, - COOI + 411 = CI; » CH, » Cl, - CH,OH
CH, * CO + CH, » COOH — CH, + CO - CH, + CO,

The hydrogen for these reductions probably comes from the oxidative
steps in the glycolysis scheme that lead to pyruvie acid. There is also
hydrogen available from the breakdown of pyruvie acid to acetyl phos-
phate and carbon dioxide.

CH, - CO - COOH + HzPO4— CHy - CO -0« PO,H, + CO, + H,

Methane arises, in part at least, by reduetion of carbon dioxide with
hydrogen:

CO, + 4H, = CH, + 2H,0

A puzzling situation exists in respeet to conversion of acetic acid to
methane. Isotope studies show that the methyl earbon, represented by
(*), is found in the methane, and the carboxyl carbon, indicated by
(**), appears in the ecarbon dioxide; hence methane, in this case,
does not arise by reduction of carbon dioxide by hydrogen. The direct

C*¥H3C**0O0H — C*H, + C**0,

decarboxylation as shown in the above equation is probably not the
actual mechanism.

REVIEW QUESTIONS ON METABOLISM OF MICROORGANISMS

1. Name some present-day foods that are the result of fermentation processes.
Name the class of microorganisms involved in each case.

9. Define the terms “baker’s yeast,” “press yeast,” “active dry yeast.” What is
the scientific name for these types of yeast? Are any other species of yeast pro-
duced commercially? (Consult Chemical Abstracts for rveferences to some of these
questions.)

3. Give the major and minor products in alcoholic fermentation of glucose. How
can the ratio of the products be varied?

4. Make a table of all the microorganisms listed in this chapter, the products
formed by them from sugar, and, where given, the percentage of sugar rccovered
as product.

5. Compare the fermentation of glucose by yeast with the metabolism of glucose
in the animal body. Give similarities and differences.

6. What determines whether yeast or bacteria will develop in a food that is not
sterilized? For example, fruit juices undergo an aleoholic fermentation, whereas
milk becomes sour. Cabbage when shredded and packed into vats undergoes a
mixed lactic acid fermentation. (Consult a book on bacteriology.)

7. What products, if any, would you expect to be formed by A. suboxydans
from (1) glycerol, (2) dulcitol, (3) sorbitol, (4) 23-butylene glycol, (5) alucose?
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8. Name the direet precursor of each of the following intermediates in glucose
fermentation by veast: (1) fructose 16-diphosphate, (2) 3-phosphoglyceric acid, (3)
carbon dioxide, (4) fructose-6-phosphate.

9. What products would you expeet from the fermentation of 5-ketogluconic
acid by a lactie organism?

10. If carbons 1 and 2 in glucose are labeled, where would you expeet them fo
appear in the products from (1) a yeast fermentation, (2) a heterolactic fermenta-
tion? Explain answer.

11. In the production of baker’s yeast, sugar is added slowly to the medium during
fermentation, while in production of alcahol by yeast it is all added at the beginning.
Why the difference in procedure?

12. Write out structural formulas for all the assumed intermediates in the fer-
mentation of glucose by heterolactic bacteria.

13. Compile a list of references to original papers dealing with the direct oxida-
tion (hexose monophosphate shunt) of glucose by mierobial and animal eells.

14. Name some of the chemical and physiological characteristies of bacterial poly-
succharides.

15. Compile a table of all the commercial antibiotics, giving the name, formula,
and microorganism producing each and two infectious organisms against which it
acts.
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Chapter 15

PLANT METABOLISM

by PROFESSOR R. H. BURRIS

Deparrymext oF BiocHEMISTRY, UNIVERSITY 0F WISCONSIN

PHOTOSYNTHESIS

Man's existence on this planet is directly dependent upon plants, for
they furnish him nearly all his food, fuel, and fiber.  About a biilion
tons of organic matter are oxidized on the carth cach day. It is obvious
that such oxidation would exhaust the world’s supply of organie matter
in a few years if there were no process to balance the oxidation. Photo-
synthesis provides such a balance by reducing carbon dioxide, and the
energy for the reduction comes from sunlight. The carth intereepts only
one-half billionth part of the energy dissipated by the sun, and by photo-
synthesis only a fraction of one per cent of the radiant encrgy reaching
the carth is stored as chemical energy, but this is sufficient to maintain
a balance in the carbon eyele of nature (Fig. 15-1). One is forced to
the conclusion that, from the standpoint of man’s welfare, no chemical
reactions surpass the photosynthetic reactions in importance.

CO.

Respiration,

burning Photosynthesis

Green plants

Animals —>  Microorganisms —>  Fossil fuels,
wood, ete.

Photareduction,
Gt chemautotrophic 4
Resprain Decay and heterotrophic Burning
fixation of CO;
CO, CO; CO,

Fig. 15-1. Diagram of the earbon eyvele in nature.
The chief reaction for fixing atmospherie carbon dioxide is photosyn-

thesis, and carbon dioxide is released to the atmosphere mainly through
387
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388 PLANT METABOLISM

the action of mieroorganisms. In addition to the reactions shown, carbon
dioxide may be added to the eyele from voleanoes and hot springs, and
removed from the cvele as earbonates.

In addition to reducing carbon dioxide, photosynthesis releases oxygen,
and this oxygen is used by animals and plants for their energy-releasing
respiratory processes. This oxidation destroys the substances produced
in photosynthesis, but the energy made available in this way is essential
for maintenance of animal and plant life, as is discussed in Chap. 16.
Life 1s dynamie, having both its anabolie and catabolic phases, but only
the plants are capable of the net synthesis essential for keeping the overall
life processes in balance.

The simplest formulation of the photosynthetie reaction is:
plant

n(CO;) + 2n(H.0) (CH.0),, + n(0) + n(H.0) + n(119.6) Cal.

radiant energy
Carbon dioxide is reduced to an end product with the empirical formula
of a carbohydrate (CH.0),. The energy stored in this reduced com-
pound is supplicd the plant as radiant energy. The ovygen cvolved all
originates from waler, so it is necessary to designate 2 molecules of water
on the left side of the equation.

Photosynthesis ean be deseribed as a sensitized, photochemical, oxida-
tion-reduction reaction. The sensitizer is chlorophyll, for it captures
light and functions in the transformation of radiant into chemical encrgy.
The reaction is in part a photochemieal one, for light energy is required
to drive it. It is an oxidation-reduction with carbon diovide serving as
the oxidant and water as the reductant. The carbon dioxide is reduced
to the level of earbohydrate, that is, to substances containing as many
oxygen atoms as carbons and twice this number of hydrogens. This
description applies only to monosaccharides; polysaccharides have the
same reduetion level, but water has been removed from them.

Chlorophylls

The green pigment chlorophyll serves as the photosensitizer in the
photosynthetic reactions. The first requirement in the utilization of light
is that the light be absorbed, and chlorophyll accomplishes this. From
the absorption spectrum for chlorophyll @, shown in Fig. 15-2, it is evi-
dent that the pigment absorbs strongly in the blue and red regions of
the spectrum and transmits much of the green portion of white light.

Chlorophyll in the cells of higher plants is concentrated in chloroplasts.
The chloroplasts usually are dises about 5 microns in diameter, and within
them the chlorophyll is further concentrated in minute bodies called
grana. Although lacking chloroplasts, the blue-green algae do contain
grana, which are distributed throughout the cells.

The chlorophyll molecule apparently does not oceur free in the cell
but is bound to proteins and lipides. It is suggested that aqueous organie
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PLANT METABOLISM 389

solvents, such as methanol plus water, effectively extract chlorophyll
from plants because the water breaks the linkage of the protein, and
the organie solvent, the linkage of the lipide to the ehlorophyll molecule.
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From Zscheile and Comar (1941).
Fig. 15-2, Extinction eurve for chlorophyll @ in ethyl ether.

The exact nature of the native chlorophyll complex is unknown, but
apparently this lipoprotein has a molecular weight of 19,000 and contains
two molecules of chlorophyll, about 40 per cent lipide and 8.5 per cent
nitrogen.

Cl[=CH. CH,;

| H I

SNV

C
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|
H;,Cs—0—C==0 OCH,

Fig. 15-3. Chlorophyll a.
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The green pigment from higher plants can be separated into chlorophyll
a and chlorophyll b by repeated distribution between immiscible solvents
or by adsorption chromatography. The first method was used by Will-
stiitter in his classic investigations of the chemistry of the chlorophylls.
Tswett’s separation of plant pigments in 1906 introduced the useful
tool of adsorption chromatography ! to chemists.  Chlorophylls other than
a and b have been isolated from diatoms and algae, but their structures
have not been determined in detail. In addition, bacteriochlorophyll
has been isolated from purple sulfur bacteria and characterized. It differs
from chlorophyll @ (Fig. 15-3) only in having an acetyl group (—COCH3)
at position 2 and extra hydrogens at 3 and 4.

When seeds are germinated in the dark, the plants produced are termed
etiolated plants, being devoid of chlorophyll. Iowever, some proto-
chlorophyll is present in etiolated plants, and when they are illuminated
the protochlorophyll is rapidly converted to chlorophyll @ by a process
of reduction. It is suggested that chorophyll b then arises from chloro-
phyll a. Most plants have about 3 times as much chlorophyll a as b,
and the sum of these chlorophylls usually constitutes 0.7 to 1.3 per cent
of the dry weight of leaves.

In addition to chlorophylls, the chloroplasts contain other pigments
that may function indirectly in photosynthesis. Some of the light that
they absorb can be utilized, but there has been no demonstration that
they can function photosynthetically in the complete absence of chloro-
phylls.

The determination of the structure of ehlorophyll by Willstiitter, Stoll,
Conant, Hans Fischer, and their co-workers constitutes a brilliant con-
tribution to organic chemistry. The empirical formula for chlorophyll
a is Cs;Hz20:N,Mg, and for chlorophyll b is CssHzeOgN Mg, The cur-
rently accepted structural formula for chlorophyll a is shown in Fig. 15-3.
There remains some question whether the semi-isolated double bond *
occurs in pyrrole ring IT or is in ring IIT; if it were in ring III, the Mg
would be bound between rings I and II rather than between I and III
as shown.

There are a number of characteristics of the chlorophyll molecule
which should be noted. First, much of the stability of the molecule ean
be attributed to the system of conjugated double bonds® designated
by the bold lines in the outline formula of Fig. 15-4. Second, the

1 The procedure for adsorption chromatography is briefly as follows: a finely
powdered adsorbent such as magnesium oxide is packed in a glass tube to form a
column, and a solntion of the mixture to be sepavated is poured on the top. When
a suitable solvent is passed through the column, the individnal components of the
mixture move at different rates and sepavate into distinet bands.

2 This is the double bond that is not a part of the conjugated system, shown between
carbons 3 and 4 in Fig. 15-3.

3 Alternate single and double bonds are said to be conjugated.
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molecule contains 4 pyrrole rings (Fig. 15-5) labeled I, II, TII and
IV. Third, the molecule contains an atom of Mg held by primary bonds
to two nitrogen atoms of the pyrrole nuclei and by secondary bonds to
the other nitrogen atoms. Fourth, the pyrrole rings are connected by

Fig. 15-4. Svstem of conjugated double bonds
in chlorophyll shown by bold lines.

HC——CH

Il
HC\ | ~CH

|
H

Fig. 15-5. Pyrrole.

methene bridges (—-CH=). Tifth, pyrrole ring T carries a vinyl group
(—CH=CHa,). Sixth, attached to pyrrole ring III is a homocylic ring
bearing a carbonyl group and a carboxyl esterified with methanol. Sev-
enth, pyrrole ring IV carries a propionic acid side chain esterified with
phytol; phytol is a higher alcohol (CuyHzeOH) with a double bond be-
tween its @ and B carbons. The phytyl group gives chlorophyll its solu-
bility in fat solvents. Eighth, chlorophyll is optically active because
of the presence of asymmetric carbon atoms. In chlorophyll b the —CHjy
of pyrrole ring IT is replaced by —CHO. Protochlorophyll is like chloro-
phyll @ but is dehydrogenated at earbon atoms 7 and 8.

Primary photochemical reaction

Photosynthesis consists, not of a single reaction, but of a sequence of
reactions. Much interest attaches to the first reaction involving light,
or the primary photochemical reaction. Photosynthesis was deseribed
as a sensitized, photochemical oxidation-reduetion, and water was desig-
nated as the reductant. Water is not normally an effective reducing
agent ; somehow, energy must be added to it to make it effective.  Much
evidence suggests that the primary photochemical reaction is a photolysis
of water, a reaction in which light encrgy is used for the splitting of water

Petitioner Microsoft Corporation - Ex. 1032, p. 395



392 PLANT METABOLISM

with the release of hydrogen to some hydrogen acceptor, which can fune-
tion in subsequent reductions. This active hydrogen may be passed from
one acceptor to another before it is finally used for the reduction of
carbon dioxide.

Release of oxygen

The reaction releasing oxygen is dependent upon, but apparently not
identical with, the primary photochemical reaction. If the photolysis
of water is considered as an oxidation-reduction reaction, the hydrogen
acceptor mentioned is reduced, and some other aceeptor of the hydroxyl
radical remaining is oxidized. This oxidized product releases 0., and
it may be assumed that an enzymatic mechanism is concerned in this
release.

It has been implied throughout the discussion that all the oxygen
formed in photosynthesis comes from water, but this fact has only been
accepted in recent years. Early workers suggested that it eame from
carbon dioxide, or part from carbon dioxide and part from water. The
work of van Niel with the photosynthetic bacteria. suggested that, if
bacterial photoreduction were analogous to the photosynthesis of higher
plants, water should supply all the oxygen released in photosynthesis.
This hypothesis was verified experimentally with the stable isotopie
tracer O, when it was shown that the O3 level of photosynthetic Os
corresponded exactly with the O level of Hy0%, in which photosynthe-
sizing algae were suspended.

Carbon dioxide

Normal air contains 0.03 per cent carbon dioxide, and upon this plants
must depend for their source of carbon. Air is taken in through the
stomatal openings on the leaf and is dissolved in the leaf sap. Carbonic
anhydrase is an enzyme in the leaves which speeds the formation of car-
bonic aeid from the carbon dioxide and water. There is no elear experi-
mental answer to the question whether carbon dioxide is used in photo-
synthesis as the dissolved gas or as the carbonate and bicarbonate
ions.

Evidently the earbon dioxide entering a leaf is bound in a loose com-
plex on some large molecules, a binding which may be compared roughly
to the binding of oxygen by hemoglobin. Many lines of evidence indicate
that the earbon dioxide is utilized next in a carboxylation reaction. A
general formulation of such a reaction is:

RCHO + CO, — RCCOOH
I
0
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A carboxylation involves no reduction and requires relatively little cnergy.
Much energy is needed for reduction of the carboxylated compound to
the level of a earbohydrate, a reaction which can be pietured as:

RCCOOH + 2H — RCHOHCOOLI

I
0
RCHOHCOOII 4 2H — RCHOHCHO + 11,0

It is evident that 4 hydrogens are required to reduce one carbon dioxide
molecule to the oxidation-reduction level of carbohydrate and that a
molecule of water is produced.

Shortly after the turn of the twentieth century, it was realized that
photosynthesis could be divided into distinet light and dark reactions,
v.e., reactions which do, or do not, require light in order to proceed.
There is no evidence that the initial fixation of carbon dioxide, and its
subsequent reduction, requires light direetly. In faet, all evidence shows
that the reactions of carbon dioxide in photosynthesis are dark reactions.
Some of the most convineing experiments are based upon the use of
specifie inhibitors at varving light intensities. If an inhibitor does not
decrease the rate of photosynthesis at low light intensities, but does at
high intensities (where the dark reactions are the ones which limit the
rate of the overall proeess), it is an inhibitor for a dark reaction. Cyanide,
for example, acts in this fashion, and since it inhibits carboxylation, the
conclusion is drawn that carboxylation does not require light.

The rate of photosynthesis is dependent on the partial pressure of
carbon dioxide, and though it is difficult to generalize for many plants
at different light intensities, it may be said that raising the concentra-
tion of carbon dioxide from its usual level of 0.03 per cent to 0.1 per
cent will usually double the rate of photosynthesis. Most plants are
not inhibited by carbon dioxide up to 10 per cent, but their growth is
reduced by concentrations greater than this.

Partial reactions

As pointed out, photosynthesis is a complex of reactions rather than
a single reaction. The study of such an involved process is obviously
much easier if it can be first separated into its individual steps. One
of the most notable achievements of recent years has been the recon-
struction of partial reactions in cell-free preparations; that is, certain
ground-up plant tissues have been found to carry out parts of the photo-
synthetie process. This has permitted the study of individual reactions
or reaction series in a system much simpler than that encountered in
intact cells.

" In 1937, Hill found that a suspension of chloroplasts plus leaf extract
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would liberate small amounts of oxygen upon illumination. Substitution
of potassium ferric oxalate solution for the leaf extract inecreased the
rate of oxygen evolution, and later workers have further improved the
system by substituing p-benzoquinone. The potassium ferric oxalate or
p-benzoquinone serves in place of carbon dioxide, which is the oxidant
in normal photosynthesis. The Hill reaction with p-benzoquinone is:

%? v
C C
HC™ CH o HCZ CH
2 " " +2H:0 chloroplast 2 ' " + 0 — 52 Cal.
HC\ /CI1 suspension HC‘\\ /CH
; ;
(9] OH
Benzoquinone Iydroquinone

Oxygen is liberated, the energy of light is used in the reduction of the
quinone, and energy is stored in the hydroquinone formed. The Hill
reaction should more properly be called the Hill reactions, for both
photochemical and dark reactions apparently arc involved. This isolated
system again emphasizes the close relationship of the photochemical and
oxygen-liberating reactions of photosynthesis.

Suceess in carrying out light-sensitive partial reactions concerned in
the reduction of carbon dioxide without the use of intaet cells was not
achieved until 1951, when Vishiniae and Ochoa reported that light energy
could be used in the reductive carboxylation of pyruvic acid to malie
acid (reaction 15, Fig. 13—4). Grana from spinach leaves used the
energy captured from light for the reduction of TPN. The reduced TPN,
in the presence of the proper enzymes, then caused the reductive car-
boxylation of pyruvic to malic acid. In a similar manner DPN, reduced
in the light, could effect the reduction of pyruvie to lactic acid (reaction
13, Fig. 13-3). The overall reactions did not occur in the dark, but it
should be noted that the reactions directly involving the carbon dioxide
were dark reactions. Illuminated chloroplasts, or grana, which we al-
ready have seen can liberate O, also can transfer the hydrogen pro-
duced in the photolysis of water to oxidized DPN or TPN. The co-
enzymes in turn can reduce pyruvate to lactate or function in the reductive
carboxylation of pyruvate to malate. These observations have been con-
firmed by Tolmach, and Arnon has reconstructed a system for the light-
dependent reductive carboxylation of pyruvate to malate, in which all the
parts (except TPN) were of plant origin.

It is justifiable to say that the Hill reaction represents a true partial
reaction of photosynthesis, but there is some question whether or not
this can be said about the reactions described by Vishniac and Ochoa.
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The important consideration is that the reactions involve the capture of
radiant energy by chlorophyll and use of the energy in the reduction
of eoenzymes, which can serve in further reductions. These should he
viewed as model reactions usceful in the study of portions of the photo-
synthetie process rather than as proved partial reactions of photosynthesis
as they actually take place in normal plants.

Storage of energy

The formulation of the photosynthetic reaction (p. 388) indicated that
119.6 Cal. were stored for each mole of carbon dioxide reduced to the
level of earbohydrate; this is equivalent to 717.6 Cal. per mole of glu-
cose formed. These values are in terms of change in free energy (AF,
p. 414), when glucose, at molar concentration, is formed in aqueous solu-
tion at 25°C. from liquid water and carbon dioxide at a concentration
of 0.03 per cent. That the value for AF differs from that given for
glucose oxidation in Chap. 16 (683 Cal.) can be attributed to the differ-
ence in concentration of reactants and produets in photosynthesis and
in animal respiration.

The energy stored in photosynthetic produets represents radiant energy
which has been captured and converted to chemical energy. Light
encrgy is absorbed or radiated in discrete units, or guanta, which are
equal to hv, when h is Planck’s constant (6.547 X 10—=7 ergs per sce.),
and v is the frequency |[frequency is caleulated by dividing the wave-
length of light (em.) into the velocity of light, 3 X 10 em. per sec.].
The total amount of energy in 6.06 X 10°* quanta is called one Einstein.
It is evident that the higher the frequency (shorter the wavelength),
the greater is the energy of each quantum of light. Einstein’s theory
of photochemical equivalence indicates that a photochemical reaction
is induced when one molecule absorbs one quantum of light of charac-
teristic frequency. The question of the quantum efficiency of photosyn-
thesis may be stated as follows: How many quanta are required for the
reduetion of one molecule of carbon dioxide to the level of carbohydrate?

In 1922 Warburg and Negelein determined the quantum efficiency of
photosynthesis by the alga Chlorella in light of various frequencies.
They found that 4 to 5 quanta were required for each molecule of carbon
diovide. The value of 4 quanta was readily accepted, because it was
attraetive to think that one quantum was required to activate each of
the 4 hydrogens necessary to reduce carbon dioxide to the carbohydrate
level. Some 16 years later, Manning, Stauffer, Duggar, and Daniels
cmployed a variety of methods but were unable to reproduce the high
efficiency reported by Warburg and Negelein.  Several other investigators
likewise were unsuccessful and found that 8 to 12 quanta were required
rather than 4. Recently Warburg has repeated his earlier experiments
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and has obtained essentially the same results as before. Warburg and
Burk have consistently observed quantum efficiencies of about 4 with
several modified techniques.

In red light with 43 Cal. per Einstein, a quantum efficiency of 4 repre-
gents almost 70 per cent efficiency ! in storing the energy of the incident
light. This is a higher efficiency than that of any known photochemical
reaction which ean be performed under controlled conditions. Even a
quantum efficiency of 8 to 12 is good in terms of known photochemical
reactions, and if photosynthesis actually has a quantum efficiency of 4,
it 1s unique. It is impossible at present to make a categorical state-
ment of the quantum efficiency of photosynthesis, for the matter remains
highly controversial.

Intermediates and products of photosynthesis

One of the most interesting problems of photosynthesis 1s the determina-
tion of the organie compounds produced by the scquence of reactions.
What substanees are formed between the first reduction of earbon dioxide
and the final appearance of the finished sugar molecule? There is an
extensive literature on this subjeet, much of which has centered around
the formaldehyde hypothesis. In 1870, Bacyer suggested formaldehyde
as the first product of photosynthesis, and though there never has been
substantial evidence to support it, the hypothesis has been perpetuated
in textbooks of biochemistry and botany to the present.

Current interest centers around phosphoglycerie acid as the first demon-
strable produet of photosynthesis. Ploncering work from 1939 to 1942
with the short-lived radioisotope C'' resulted in the introduetion of a
number of new concepts and the discard of certain old ideas on photo-
synthetie intermediates. Since 1946, the use of the long-lived (5,568 = 30
year half life) radioactive isotope C* has led to real advaneces in our
knowledge of intermediates. Although it remains incomplete, a general
picture of the rcaction sequence has now emerged. Calvin and co-
workers have made particularly notable contributions. By skillful use
of a combination of C', paper chromatography,” and “radioautography” ®

_;1_};%.. s 100 = 69.5%.

2In paper chromatography a small drop of a mixture of compounds in solution is
placed near one end of a long strip of filter paper and is dried. The end near the
poiat of application is immersed in a suitable solvent. As this solvent moves by
capillary action past the added mixture of compounds and on toward the other end
of the paper, it carries with it the individual components of the mixture varying dis-
tances and thus achieves their separation.

* “Radioautography” is a procedure for locating radioactive substances separated
by paper chromatography., After the chromatographie separation is completed, the
paper is dried and allowed to “take its own picture” by placing it on a photographic
film in the dark. Black areas on the developed film correspond to the location of
radioactive substances on the paper strip.

t Caleulation :
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they have unraveled many of the complexities of the early photosynthetic
reactions and have revealed the importance of phosphoglyeerie acid as
an intermediate.

Figure 15-6 gives reactions postulated by Calvin and co-workers as
occurring between the initial fixation of carbon dioxide and its final
reduction to sugar.! The initial reaction is the carboxylation of the
hypothetical vinyl phosphate (1) to 2-phesphoglyceric acid (2), which
is then converted to 3-phosphoglyceric acid (3). In extremecly short
periods (5 seconds) of photosynthesis by algal eclls in the presence of
CMOa, it has been shown that up to 85 per cent of the C!* fixed appears
in 2- and 3-phosphoglyceric acids. By reversing the glyeolytie scheme
(see Figs. 13-1 and 13-3), 3-phosphoglyceric acid can be converted to
sugar. It first is reduced to 3-phosphoglyceraldehyde. (4), which is in
equilibrium with dihydroxyacetone phosphate (5). Condensation of
these compounds yields fructose-1,6-diphosphate (6), which in turn yields
fructose-G-phosphate (7) and glucose-G-phosphate (8). Free fructose
and glucose can be obtained from these by the removal of phosphate.
The method by which plants form sucrose is unknown, and the sucrose
phosphate shown is a hypothetical intermediate. However, all the gly-
colytic steps included in Fig. 15-6 have been demonstrated to occur in
plants (preparations from pea seedlings).

The left part of the scheme represents a suggested method for regen-
erating the C. fragment, which must serve as the acceptor of carbon
dioxide when phosphoglycerie acid is formed; this remains the least well-
defined and most controversial portion of the scheme. In the first formu-
lation shown, one molecule of 2-phosphoglyceric acid is used in sugar
formation, while water is removed from the other molecule to yield
2-phosphoenolpyruvic acid (9). Addition of another molecule of carbon
dioxide yields enol-oxalacetic acid (10). This is converted to an unde-
fined C, acid, which splits to give 2 molecules of glyoxyhe acid (11);
upon reduction this would yield glycoliec acid (12). Several C. com-
pounds have been suggested between glycolie acid and the hypothetical
vinyl phosphate (1).

An alternative method, postulated by Calvin and co-workers, for form-
ing a triose to serve in the reversed glycolytic mechanisin and for regen-
erating the Cs fragments is shown in skeleton form in the lower portion
of Fig. 15-6. A C; and a C; compound are condensed to form the C;
sugar, sedoheptulose. This compound is split to yield a C. fragment
which recycles and a C; keto-sugar, ribulose. The ribulose in turn is
split to a triose and a Ca compound, which also recycles. The complete
eyvcle, involving 3 carboxylations and subscquent reductions, yields a
molecule of triose. Most of the specific intermediates in this reaction
sequence remain to be defined.

! In Fig. 15-6 “P" indicates either a phosphate group or a molecule of phosphorie acid,
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Carbohydrates. Although information is incomplete on the early prod-
ucts of photosynthesis and their mode of formation, the total materials
of the plant are the net final produets of photosynthesis after modifica-
tion by other phases of plant metabolism. The earbohydrates are quanti-
tatively the most important group of compounds, and cellulose, starches,
and sugars are particularly abundant. '

Glucose and fructose commonly oeeur as free and combined sugars in
plants, whereas mannose and galactose are found only in combined form.
Among the disaccharides, suerose is especially important.  Maltose and
cellobiose do not occur free in demonstrable concentrations but arise
from the hydrolysis of starch and cellulose, respectively. Plants also
may yield the disaccharides gentiobiose, trehalose, and melibiose, but
they do not contain lactose. Raffinose, gentianose, and melizitose arc
the most common plant trisaccharides, and stachyose is a tetrasaccharide
which has been isolated from lupine seeds.

Particular interest is attached to the method by which the plant syn-
thesizes suerose because the sugar is important to plants and man. It
has not as yet been synthesized chemically.  Suerose ean be formed by
detached leaves when they are infiltrated with glucose, fruetose, mannose,
galactose, or glyeeraldeliyde; the synthesis will not take place in the
absence of oxygen. The only controlled synthesis of suerose by a cell-
free preparation has been achieved with an enzyme system from the
bacterinm, Pseudomonas saecharophila. This organism  produces a
sucrose phosphorylase (morve properly termed a transglucosidase), which
by phosphorolysis of suerose produces fructose plus glucose-1-phosphate.
The equilibrium of the reaction is such that by a reversal of the reaction
a synthesis of about 5 per cent of suerose from glucose-1-phosphate plus
fructose can be achieved. Though higher plants accumulate much sucrose,
there has been no success to date in demonstrating their synthesis of
suerose by sucrose phosphorylase or by any other isolated enzyme system.

Even less is known concerning the synthesis of eellulose. Although
bacterial preparations have been induced to form cellulose from a number
of precursors, some as simple as C. compounds, there is no detailed in-
formation on the pathway of its formation.

Knowledge of starch synthesis is much more nearly complete. Peat,
Bourne, and co-workers (see Bernfeld for diseussion) have shown that
potato tubers and other plant tissues contain a starch phosphorylase
which by phosphorolysis converts starch to glucose-1-phosphate.  The
reversal of this reaction to yield starch from glucose-1-phosphate is
readily demonstrable. The first preparations used, synthesized only
amylose, the straight ehain starch, but later preparations also yielded
amylopectin, the branched chain starch. The enzyme which synthesizes
amylose from glucose-1-phosphate is termed the P-enzyme. A separate
enzyme, termed the Q-enzyme, is needed to form the linkages at the
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branch points in the amylopectin structure. The Q-enzyme, in conjunc-
tion with the P-enzyme, will form amylopeetin:

P-enzyme
. 3 Q-enzyme 5
glucose-1-phosphate =<———= amylose ————> amylopectin

Lipides. Lipides are the chicf storage materials in sceds.  Much more
cnergy 1s stored in a gram of lipide than in a gram of protein or carbo-
hydrate (see p. 423). When oily seeds mature, their fat content builds
up rapidly, chiefly at the expense of carbohydrate. Upon maturation,
the fat increases in unsaturation, and the constituent fatty acids increase
in average chain length. These changes in seeds are reversed when the
sceds germinate. The fact that almost all the fatty acids have an even
number of ecarbon atoms suggests that they originate from condensation
of Cs units.

NITROGENOUS COMPOUNDS AND THEIR METABOLISM

The animal requires an external supply of several amino acids (or
their keto acid analogues) to survive, but the plant can synthesize its
needed amino acids from inorganic sources of nitrogen, carbon dioxide,
and water. Lack of an adequate supply of nitrogen in the soil, more
frequently than the lack of any other element, limits the growth of
plants. As a result, nitrogenous fertilizers, and crop rotations including
nitrogen-fixing legumes, are of great importance in our agricultural
econoniy.

Nitrogen nutrition

Nitrate has been used as a fertilizer for centuries. Because it ecan
be employed in higher concentrations than ammonia, it often has been
considered inherently superior to ammonia for the nutrition of plants.
Actually, when ammonia is supplied in nontoxic concentrations, it nor-
mally supports a rate of growth in plants equal to or superior to that for
nitrate. The conditions for optimum utilization of the two compounds
differ, however; nitrate is used best at a pH below, and ammonia above,
neutrality.

Urea and calcium cyanamide (CaCNa.) are widely used organic fer-
tilizers which readily yield ammonia. Manures and composts serve as
sources of nitrogen for plants, and it is generally suggested that their
utilization by the plant is preceded by ammonification and nitrification.
In the proecess of ammonification, bacteria convert the nitrogen of pro-
teins and other compounds to ammonia. This is followed by the action

1 Nitrification is the process of converting ammonia to nitrites, or nitrites to nitrates,
or both,
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of the autotrophic ' nitrifying bacteria which oxidize ammonia to nitrite
(Nitrosomonas and Nitrosococcus) and nitrite to nitrate (Nitrobacter).
Nitrification 1s an lmportant process in the =oil, but it is unreasonable
to assume that plants can use only nitrate, the end product of the process,
for their nutrition. We have already secen that they can use ammonia
directly, and nitrite also is an excellent source of nitrogen for plants when
it is present in subtoxic concentrations. Even complete ammonification
may be unnecessary before the nitrogen of organie residues is used. In
such material the nitrogen is present chiefly as protein, and upon hydroly-
sis this protein will yield peptides and free amino acids. For plants
grown in the absence of bacteria (to avoid complications from bacterial
action on the nitrogenous compounds) certain single amino acids can
serve adequately as the sole source of nitrogen. Peptone, a mixture of
peptides and free amino acids, also supports good growth. Evidently
plants can use the produets at all stages of protein breakdown: peptides,
amino acids, ammonia, nitrites, and nitrates.

Synthesis of amino acids

A plant supplied nitrate or nitrite must reduce these compounds to
the reduction level of ammonia for the synthesis of amino acids.  Whether
the reduction yields free ammonia or reduced nitrogen bound in a more
complex form has not been established. The best defined amino acid
synthesis from ammonia is the reductive amination of wa-ketoglutarie
acid to glutamice acid by way of a-iminoglutarie acid:

?OO“ ?OOH (,'JOOH
0 C=NH .. H:NCH
| +NHs = | L H0 T
(CH.), (CH.). gt aad  (CH.,),
i dehydrogenase i
CooH COOH DPN COOH
a-Ketoglutaric acid a-Iminoglutaric acid Glutamic acid

This reaction sequence has been accomplished with cell-free enzyme
preparations from plants when reduced DPN has been added. Compara-
ble reductive aminations may result in the formation of other amino
acids, although they have not been demonstrated.

Glutamic acid is a key compound in the nitrogen metabolism of animals,
plants, and microorganisms. It is probable that many amino acids in
plants are formed by transamination from glutamie acid to various a-keto
acids. By transamination the amino group of an amino acid is trans-

1 Autotrophic bacteria are those microorganisms which can derive all their energy

from the oxidation of a simple inorganic componnd or element (e.g., oxidation of S
to 80,7) and are able to use carbon dioxide us their sole source of carbon.
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ferred to an a-keto aeid, and a new w-amino acid and a new a-keto
acid are formed (see Chap. 13, reactions 37 and 38) :

I e e I
R—C—COOH + R'—CH—COOH =—= R—CH—COOH + R'—C—CO0O01I!

Free ammonia does not funetion in the reaction. Transaminations from
glutamic acid to pyruvie and oxalacetic acids to form alanine and aspartie
acid, respeetively, have been demonstrated in plants, and other trans-
aminations oceur but at considerably slower rates.

Metabolism of amides by seedlings

Germinating seeds may produce large quantities of the amides, aspara-
gine and glutamine.  Asparagine is the g-amide of aspartic acid (HOOC—
CHNIH,—CH.—CONIl.), and glutamine has a comparable structure
(HOOC—CHNH,— (CH.) o—CONH.).  When a high-protein seed such
as a lupine seed germinates, there is a demand upon the protein as an
energy yielding material for growth before the seedling establishes its
synthetic capacity. When protein is broken down and respired, sanmonia
accumulates; high levels of ammonia would be toxie, but by forming
amides the plant detoxifies it. As much as 85 per cent of the protein
nitrogen disappearing in a germinating lupine sced may appear in the
single compound, asparagine. Later in the growth of the plant the
amide nitrogen is used in the resynthesis of protein, and when the plant
matures, its amide content is very low.

Biological fixation of nitrogen

The nitrogen cycle in nature is pictured in Fig. 15-7, in a form which
is simplified by omitting the marine eycle of nitrogen. Nitrogen is added
to the eyele from the vast reservoir of atmospheric N» by chemical fixa-
tion,! by the symbiotic nitrogen fixation of legwminous plants, and by
the nonsymbiotic nitrogen fixation of free-living bacteria and blue-green
algae. Nitrogen is lost to the sea by leaching, erosion, and sewage dis-
posal, and to the atmosphere by bacterial denitrification* Man's in-
stallations for the chemieal fixation of N. are impressive, but their con-
tribution is minor compared to that of biological nitrogen fixation in
maintaining the nitrogen cyele in balance. Chiefly beeause of improper

1 “PFixation” is the conversion of gaseous nitrogen (N.) into chemieally combined
forms such as ammonia, nitric acid, protein, ete.

2 Denitrification is the release of free nitrogen (N} from nitrogenous compounds,
or the opposite of fixation.
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Fig. 15-7. The nitrogen cyele in nature,

land use and wasteful disposal of sewage, the land area of the earth
vearly increases its nitrogen debt, despite nitrogen fixation by plants
and bacteria, '

Agents Capable of Fixing N.. Leguminous plants such as elover, al-
falfa, peas, and beans carry nodules on their roots. In these nodules,
Na can be fl\ed into forms usable by the plant. The nodules are caused
by the invasion of the roots by bacteria, the rhizobia, which causec the
root tissue to grow at the site of invasion. Nodules have a characteristic,
well-organized structure, and certain of the plant cells are packed with
bacteria. It is interesting to note that a hemoglobin mueh like mam-
malian hemoglobin is present in nodules; this is the only reported oceur-
rence of hemoglobin in the plant kingdom. Neither the leguminous plant
alone nor the rhizobia alone can fix No, but in symbiotic association*
they ean. Symbiotic nitrogen fixation is quantitatively the most impor-
tant means on the land surface of the earth for fixing N..

The nonsymbiotic nitrogen fixers, that is, those organisms capable of
fixing Na by themselves, include the aerobic Azotobacter, the anaerobie
Clostridium and Desulfovibrio, the photosynthetic bacteria Rhodospiril-
lum, Chromatium, Chlorobacterium, and Rhodomicrobium, and repre-
sentatives from 3 families of blue-green algae. Tt is very difficult to
appraise the quantitative importance of the N» fixation by these organ-

1 Syvmbiotic association, or symbiosis, is a relationship in which two different living

organisms exist in elose association with each other in sueh a manner that each
derives benefit from the other’s existence,
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isms.  Azotobacter and Clostridium are important under normal soil
conditions, and the blue-green algae function in maintaining the nitrogen
supply under the wet conditions encountered in rice paddies. The other
organisms probably function most extensively in aquatic habitats.

Mechanism of No Fization. Although the intermediates arising di-
reetly from the fixation of N. are unknown, these intermediates are
quickly converted to ammonia before its incorporation into organic com-
pounds. The reduction to ammonia logically should pass through hy-
droxylamine as an intermediate, but formation of amino acids from
hydroxylamine via their oximes does not appear to be an important path-
way of synthesis. Ammonia is the key compound in the sense that it
is the compound which combines with carbon chains to yield organic
nitrogenous substances in the plants or bacteria. The primary pathway
of N fixation involves conversion of Ns to NHj, through unknown inter-
mediates, and the formation of glutamic acid by reductive amination
of a-ketoglutaric acid. Glutamic acid in turn can form new amino
acids by transferring its amino group by transamination.

The evidence that ammonia is the key intermediate in biological nitro-
gen fixation has been accumulated largely by investigating the fixation
with the aid of the stable isotopie tracer, N'®. These studies, and tests
with specific inhibitors of nitrogen fixation, indicate a unity in the mech-
anism of nitrogen fixation in all the diverse organisms investigated.

RESPIRATION OF PLANTS

Although plants are most notable for their photosynthetic capacities,
they carry on respiration both in the light and in the dark. Their
respiration per unit weight is less intense than that of most animals
because many of the structural materials of the plant such as cellulose
and lignin are metabolically inert. However, when activity is expressed
per unit of nitrogen in the tissues, the respiratory activity of plants and
animals is comparable.

The activity of eytochrome oxidase has been clearly demonstrated in
plants, and eytochrome ¢ has been isolated from plant materials. Plant
eytochrome ¢ and eytochrome oxidase are very similar to these constitu-
ents of the eytochrome system of animal origin. Other oxidases of im-
portance in plants are ascorbic acid oxidase and tyrosinase (catecholase,
dopa oxidase, and lacease are plant enzymes similar to tyrosinase). It
is characteristie of the true oxidases that they use O., produce H.0O rather
than H.0., and have a heavy metal component. Both ascorbic acid
oxidase and tyrosinase contain copper, and though eytochrome oxidase
never has been purified, it apparently contains iron. A dominant posi-
tion of the true oxidases characterizes plant respiration, in contrast to
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animal respiration where eytochrome oxidase is the only oxidase assum-
ing an important role.

Peroxidases are widely distributed in plants, but their function is not
well defined. They use HyO» for the oxidation of a variety of phenols
and aromatic amines. The peroxidase from liorse radish has been
crystallized and shown to be a hematin compound. Catalase, which con-
verts hydrogen peroxide to water and O., and has peroxidatic activity,
likewise is a hematin enzyme widely distributed in plants. Hemoglobin,
cytochrome ¢, peroxidase, and catalase each has hematin as its prosthetic
group.

Many organie acids are relatively abundant in plants, and they serve
as substrates for their respective dehydrogenases. Malie, citrie, and
oxalic acids are quantitatively the most important plant acids. Among
these, malic acid is a particularly active metabolite; citric acid is inter-
mediate in activity; and oxalic acid is rather inert. Glycolic acid and
lactic acid are rapidly oxidized in plants by glycolic and lactic acid
dehydrogenases.

The formation, interconversion, and oxidation of organic acids in plants
are competing processes which give rise to spectacular changes in the
organic acid levels from day to day. For example, the succulent plants
accumulate high concentrations of organie acids at night and convert
them to starch during the day (isoeitric acid, a rare acid, may constitute
18 per cent of the dry weight of the leaves of the succulent plant, Bryo-
phyllum calycinum). In the dark, a large share of the malic acid of
tobacco leaves is converted to citric acid.

Glycolysis in plants and animals yields pyruvie acid, which may be
reduced to lactic acid or oxidized by aerobie processes. The oxidation
of pyruvate via the Kreb’s tricarboxylic acid eyele has been deseribed for
animal tissue in Chap. 13. Although information is much less complete
for plants, there is good evidence that oxidation can occur by the same
pathway outlined for animal tissue. Early work depended upon evidence
that in the presence of inhibitors, such as malonate, intermediates in
the tricarboxylic acid cyele accumulated. Now it has been possible to
show that preparations of washed mitochondria® from mung bean and
lupine seedlings can oxidize all the intermediates of the tricarboxylie

acid cycle and can use some of the energy so obtained for converting
ADP to ATP.

1 Mitochondria are small, discrete particles existing within cells which can be
separated from the rest of the cell contents by breaking the cell walls mechanically,
suspending the mixture in a suitable liguid medium (e.g., 0.4} suecrose), and cen-
trifuging. The mitochondria settle out only after a certain centrifugal force has been
reached. Larger particles settle first and are disearded, and smaller particles remain
in suspension. Washing is accomplished by resuspending in fresh liquid and recen-
trifuging.
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PLANT GROWTH SUBSTANCES

The growth of plants is regulated by a variety of chemical entities
included under the broad heading, plant growth substances.! These com-
pounds by being transported within the plant may effect changes at a
distance from their point of formation. The most studied and versatile,
naturally occwrring plant growth substance is 3-indoleacetic acid:

H H
C C
Hcl:f “‘ﬁ:-—ﬁ—cm—coou H(I:% \ﬁl—ﬁ—CHgCN
HCx _C CH HC. _C H
'\.C/ \N/ \C/ ‘\.N/C
H H H H

3-Indoleacetic acid " 3-Indoleacetonitrile

This compound, variously known as g-indoleacetic acid (IAA) and hetero-
auxin, and the structurally similar 3-indoleacctonitrile, have been isolated
direetly from plants, as has traumatie acid (HOOC—CH=CH—(ClIl.)«-
—COOLL), but evidence for most of the other growth substances reported
to occeur in plants lacks substantial chemical verification.  Indoleacetic
acid at a concentration of 0.01 mg. per liter will eause oat coleoptiles ® to
bend and will increase streaming of their protoplasi; 2.0 mg. per liter
will inhibit the growth of oat roots hy 50 per eent and will stimulate
the respiration of oat seedlings; higher concentrations will inhibit both
respiration and stem growth.,

In addition to indoleaeetie acid, many chemically synthesized substances
will influence the growth of plants. For a compound to be effective it
must as a rule eontain an unsaturated ring and a side chain on the ring
carrying a carboxyl group, or a group readily converted to a carboxyl;
the carboxyl must be at least one earbon atom removed from the ring
and must have a proper spatial relationship with the ring.

To the activity of growth substances are attributed such responses of
plants as phototropism (bending toward light), geotropism (bending of
roots toward and stems away from gravity), bending resulting from in-
jury (trawmatie acid is active), initiation of flowering, and epinasty
(downward bending of leaves without wilting). Plant growth substances
have been uscd in a large number of practical applications. They are
employed to prevent premature dropping of blossoms and fruits. The

PYPlant growth substances™” is a broad term covering the compounds often referred
to as plant hormones, phytohormones, growth vegulating substances, and awrins.
?The sheath around the first leaf sent out by the germinating oat seed.
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methyl ester of naphthalene acetic acid and waleic hydrazide will keep
stored potatoes and carrots from sprouting.

II H
C C
11<|:f \?/ *‘«‘(lz—-cn;—coocus CII—CONH
| |
HC%C/C\C¢CI{ CH—COXNH
H H
Naphthalene acetic acid, Maleic hydrazide

methyl ester

Growth substances will hasten the rooting of cuttings (Fig. 15-8) and
will inhibit the development of buds. By application of growth substances
to flowers, seedless fruits can be produced.

The most important use of plant growth substances is as herbicides, or
weed killers, and this application has greatly modified current agricultural
practice. General herbicides such as oils or acids have been employed
for many years, but the plant growth substances have the great advan-
tage of acting as selective herbicides. For example, much lower con-
centrations of 24-dichlorophenozyacetic acid (“2,4-D") are required to

0—Cit,~CO0H 0—CH.COOH
HCZ (%?;?Cl 1o ea
IICQHJ(/'”(l?H Cl(|3~\\ /(l% H

a &

"2,4-D" 1234 e

24-Dichlorophenoxyacetic acid  2,4,5-Triehlorophenoxyacetic acid

kill dicotyledonous plants (most broad-leafed plants such as beans and
clover) than to kill inonocotyledonous ones (eereals, other grasses, lilies,
ete.). Thus broad-leafed weeds can be destroyed in a field of grain
without damaging the grain. The closely related substance “2,4,5-T,”
especially in the form of an ester dissolved in an oily carrier such as
kerosene, is very effective for killing weedy brush. Both compounds are
very useful for the eradieation of such weeds as poison ivy. The way
in which selective herbicides act is still obscure.

MINERAL NUTRITION

The essential elements for the nutrition of plants include the maero-
nutrient elements: C, H, O, N, P, K, S, Mg, Ca, and Fe; and the micro-
nutrients: Cu, Zn, B, Mn, and Mo. As was pointed out in the discussion

Petitioner Microsoft Corporation - Ex. 1032, p. 411



Courtesy of Dr, W. C, Cooper and the American Society of Plant P’hysiologists.

Fig. 15-8. Effeet of indoleacetic acid on the rooting of lemon cuttings.
Upper, untreated. Lower, treated for eight hours with a solution of 0.5
mg. of indoleacetic acid per ml. Photograph taken two and one-half weeks
after treatment.
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Reproduced from Hunger Signs in Crops, a publication of the American Society
of Agronomy and the National Fertilizer Association, Washington, D. ',

Fig. 15-9. Tobacco plants suffering from various mineral deficiencies—
B, nitrogen; C, phosphorus; D, potassium; E, boron; F, caleium; G,
magnesium. Reduction of growth has occurred in all cases. A is 2 normal
plant.

of the general funetion of mineral elements in Chap. 8, animals require
all of these elements except boron. 2

The cells of the root have a capacity for selective intake of ions. For
example, from a solution high in sodium and low in potassium, the plant
may absorb much more potassium than sodium. From soil the plant
obtains its cations, such as Cat*, by base exchange (that is, by a
process by which the plant exchanges metabolic hydrogen ions for a
cation adsorbed on a soil colloid). In contrast, the plant absorbs its
anions, such as 8SO,=, from the soil solution around the roots.

Some effects of certain mineral deficiencies are illustrated in Figs.
15-9 and 15-10.
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Courtesy of I'nrdue University Agricultural Experiment Station. Reproduced
from Hunger Signs in Crops, a plll)]:("ltwn of the American Society of Agronomy
and the National Fertilizer Association, Washington, D. C.

Fig. 15-10. Oats in Crosby silt loam of low fertility. Pot 16 (NPK),
treated with complete fertilizer, serves as check; plants healthy and vigor-
ous. Pot 13 (PK), nitrogen starvation; plants spindling, yvellowish green,
slightly purplish stems. Pot 14 (NK), phosphorus starvation; plants dark
green, stems weak, slightly purplish tinged. Pot 15 (NP), potassium de-
ficteney ; dark-green, weak plants, with oldest leaves brown and tip ends
deadened.

REVIEW QUESTIONS ON PLANT METABOLISM

1. What is the prime source of most of the energy used by man?

2. Which process is of greatest importance in fixing carbon dioxide in the carbon
cyele of nature; of greatest importance in releasing carbon dioxide?

3. How are photosynthesis and respiration interrelated?

4. What are the chemical differences between chlorophyll a, ch]orophyl] b, proto-
chlorophyll, and bacteriochlorophyll?

5. What is the evidence that all oxygen released in photosynthesis arises from
water?

6. Describe a light reaction and a dark reaction in photosynthesis. How can they
be differentiated?

7. Why is a quantum efficiency of 4 attractive from a theoretical standpoint?
Why is such a high efficiency questioned?

8. What is the first demonstrable organic intermediate in photosynthesis?  Which
products may it in turn yield?

9. How does the plant synthesize starch? What is the difference between amylose
and amylopeetin?

10. Do plants require any preformed amino acids?

11. Which are the most important sources of fixed nitrogen for maintaining the
nitrogen cyele in balance?

Petitioner Microsoft Corporation - Ex. 1032, p. 414




PLANT METABOLISM 411

12. Which groups of organisins can fix N:? What is the key intermediate in the
fixation process?

13. What differences can you eite in the rvespiration of plants and animals?  What
similarities?

14. Why are plant growth substances often much superior fo oils and acids as weed
killers?

15. It is stated that growth substances are responsible for phototropism and geo-
tropism. How can they cause such responses in plants?

REFERENCES AND SUGGESTED READINGS

Arnon, D. L., “Extracellular Photosynthetic Reactions,” Nature, 167, 1008 (1951).

Baever, Adolph, “Concerning Dehydration and Its Significance for Plant Life and
Fermeniution,” Ber. deul. chem. Ges., 3, 63-75 (1870).

Bernfeld, P., “Enzymes of Starch Degradation and Synthesis,” Advances in Enzy-
mology, 12, 379 (1951).

Bonner, J., Planl Biochemistry, Academic Press Inc., New York, 1950.

Burk, D., Comfield, J., and Schwartz, M., “The Efficient Transformation of Light
into Chemical Energy in Photosynthesis,” Seci. Monthly, 73, 213 (1951).

Calvin, M., “The Path of Carbon in Photosynthesis, VI,” J. Chem. Ed., 26, 639
(1949).

Chibnall, A. C., Protein Metabolism in the Plant, Yale University Press, New Haven,
1939.

Fischer, H., “Chlorophyll,” Chem. Rev., 20, 41 (1937).

Franck, J. and Loomis, W. E. (editors), Photosynthesis in Plants, lowa State College
Press, Ames, 1949,

Hassid, W. Z. and Doudoroff, M., “Synthesis of Disaccharides with Bacterial En-
zymes,” Advances in Enzymology, 10, 123 (1950).

Hill, R., “Oxidoreduction in Chloroplasts,” Advances in Enzymology, 12, 1 (1951).

Landy. H. A, (editor), Respiratory Enzymes, Burgess Publishing Company, Minne-
apolis, 1949,

Manning, W. M., Stauffer, J. F., Duggar, B. M., and Daniels, F.. “Quantum Efficiency
of Photosynthesis in Chlorella,” J. Am. Chem. Soc., 60, 266 (1938).

Rabinowitch, E. 1., Photosynthesis aud Related Processcs, Interscience Publishers
Ine., New York, Vol. I (1945) Vol. II, part 1 (1951).

Skoog, F. (editor), Plant Growth Substances, University of Wisconsin Press, Madi-
son, 1951.

Tolach, L. J., “Effects of Triphosphopyridine Nucleotide upon Oxygen Evolution
and Carbon Dioxide Fixation by Illuminated Chloroplasts,” Nature, 167, 946
(1951).

Truog, B. (editor), Mineral Nutrition of Plants, University of Wisconsin Press,
Madison, 1951.

Tswett, M., “Adsorption Analysis and the Chromatographic Method. Application
to the Chemistry of the Chlorophylls,” Ber. deut. botan. Ges., 24, 384-393 (1906).

van Niel, C. B,, “On the Morpholegy and Physiology of the Purple and Green Sulfur
Bacteria,” Arch. Mikrobiologie, 3, 1 (1931).

Vishniac, W. and Ochoa, S., “Photochemical Reduction of Pyridine Nucleotides by
Spinach Grana and Coupled Carbon Dioxide Fixation,” Nature, 167, 768 (1951).

Warbnrg, O. and Burk, D., “The Maxiroum Efficiency of Photosynthesis,” Arch.
Biochem., 25, 410 (1950).

Petitioner Microsoft Corporation - Ex. 1032, p. 415






Chapter 16

BIOLOGICAL ENERGETICS

All living organisms must have 2 continuous supply of energy in a
usable form. The study of energy sources, utilization, and quantitative
requirements is called biological energetics. The great bulk of all food
consumed goes to meet this nced. In all cases the encrgy is derived from
chemieal reactions earried out by the living cell, whereby the foodstuffs
are converted into products of lower energy content. The difference
between the energy content of the foods eaten and waste products excreted
represents approximately the energy which may be used (with greater
or lesser efficiency) by the organism.

The chemical reactions on which living things depend for their energy
supply are many and varied. Lower forms frequently live under anaer-
obic conditions, carrying out reactions which do not involve oxygen.
Thus for example, glucose is converted into earbon dioxide and alcohol
by yeast, or into lactic acid by lactic acid bacteria. Such conversions
yield relatively little energy, and the yeast or bacteria accordingly are
forced to metabolize large amounts of the foodstuff (here glucose). The
higher animals and man, on the other hand, are aerobiec organisms and
oxidize their foodstuffs to the stage of carbon dioxide and water. Since
this represents complete combustion, much larger amounts of energy are
liberated, and less food per unit weight of living tissue is needed.

The energy used by living things appears partly in the form of heat,
partly as muscular work, and partly in many other forms such as elec-
trical, chemical, and light energy. It has become customary, however,
to express all of these forms in terms of heat units, or calories. A ecalorie
(cal.) is the amount of heat needed to raise the temperature of one gram
of water one degree Centigrade, specifically from 14.5 to 15.5°C. The
kilocalorie (Cal.) is one thousand times larger.! The energy difference
between foods and waste produets may be expressed quantitatively by
means of these units. For example, the combustion of one mole (180 g.)
of glucose gives 673,000 cal. The heat change accompanying a reaction
is represented by the symbol, AIl (A = change; [ = heat). It is given

'The British Thermal Unit (BTU) is the amount of heat required to raise the
temperiture of one pound of water 1°F, One BTU equals 252 ecal,, or 1 Cal. equals
very nearly 4 BTU. Another energy unit is the foot-pound, the amount of work
done in lifting one pound through one foot. One calorie eqnals slightly more than

three foot-pounds.
413
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414 BIOLOGICAL ENERGETICS

a negative sign if heat is released when the reaction proceeds from left
to right. For example, in the case above, Al is —673,000 cal.

The energy rcleased from chemical processes which can be used for
doing useful work is called the free energy change of the reaction and is
represented by AF.  For any particular process, AF may be either larger
or smaller than AH.  If AF happens to have a larger negative value than
A, more useful work can theoretically be obtained from the process
concerned than corresponds to the amount of heat liberated. This rather
surprising situation is caused by changes in entropy, which ocecur when-
ever chemical or physical transformations are earried out. The relation
between the three quantities, for processes occurring at constant tempera-
ture and pressure—as is approximately true in biological systems—is
given by the equation:

AF = AH — T AS

where AS is the entropy change, and T the absolute temperature at which
the process occurs. The entropy change, AS, is expressed in calories
per degree. It is difficult to define exactly, but may be thought of as
heat flowing into or out of the system from the surroundings while a
process is going on. For a more complete discussion of entropy consult
a textbook of physical chemistry or thermodynamices, such as those listed
at the end of the chapter.

An illustration may help to make these abstract concepts more under-
standable. For the complete oxidation of glucose, Al is —673,000 cal.
as stated above, whereas AF is about —683,000 cal. The exact Al and
AF values depend on the state of the reactants and products, that is,
whether solid, liquid, or gaseous, and at what concentration, temperature,
pressure, ebe. The value —683,000 cal. is based on approximately physi-
ological concentrations, viz., glucose 0.051/, carbon dioxide 0.1 atmosphere,
oxygen 0.01 atmosphere, and on a temperature of 37°C. Useful work
equivalent to 683,000 cal., therefore, could be obtained from burning one
mole of glucose, if the machine or living tissue doing the work was able
to operate with 100 per cent efficiency. Actual machines and tissues,
of course, never reach this peak of perfection, but the efficicney which
they do achieve may be determined by comparison with the free energy
change of the process being used.

The AF value is also an indication of whether a particular chemical
reaction can take place (if properly started) and to what extent it will
proceed. Reactions which release free energy (AF negative) oceur readily
and are called exergonic. The opposite type, called endergonic, will not
take place unless energy is supplied (AF positive). The change in free
energy is the driving force of the reaction, and the larger the amount of
free energy release, the more complete the reaction will be.

The completeness of equilibrium reactions is represented mathematically
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by the equilibrium constant, K. For a reaetion of the type A4+ B=
C 4 D, K equals [C] X [D] divided by [A] X [B], where the brackets
indicate molar coneentrations at equilibrium (review the law of mass
action in a textbook of general ehemistry). Thus if K is one, the equi-
librium point is reached when half of the starting materials have been
converted into produets, whereas if K is ten, the reaction is about 90
per cent complete.
The relation between AF and K is given by the equation,

—AF=RTIh K

where R is the gas constant (1.987 cal. per degree per mole), T the abso-
lute temperature, and In K the natural logarithm of KA. Substituting
numerical values and converting to ordinary logarithms, this equation
becomes at body temperature (37°C):

— Al =1419log K

This equation enables one to ealculate the equilibrium point of any reac-
tion for which the free energy change is known, and viee versa. For
example, if AF is zero, K is one, but if AF equals —10,000, K is 1.22 X 10°.
The latter value indicates an equilibrium point very far to the right.

Muscle contraction

The free energy available from oxidation of foodstuffs is not usable
by animals and human beings in the form of heat. In other words, the
body is not simply a heat engine,! although it is an engine or a machine
in the sense that it eonverts energy from one form into others. Some
heat of course is needed for warmth, but except under the most severe
conditions of cold and exposure, more than enough heat for this purpose
is always available. Heat production is primarily a consequence of the
fact that the body, like other machines, operates at much less than 100
per cent efficiency. In fact, excess heat is an important waste product
whieh must be eliminated to maintain health and vigor.

The question therefore arises as to just how the body does convert
the chemieal energy of foodstuffs into muscular work and other useful
processes. A partial answer to this question has been obtained from
studying the chemistry of musele contraction. It was discovered around
1930 that musele contains two substances which are readily hydrolyzed
with the liberation of large amounts of energy. These compounds are
adenosine triphosphate (ATP, p. 158) and creatine phosphate (CrP,
p. 349). The latter was observed to decrease in amount as eontraction
occurred and to be completely used up if the musele was stimulated to

1A heat engine is a machine which operates by virtue of temperature and pressure
changes.
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exhaustion. Thus it appeared quite possible that the breakdown of
CrP into free creatine and phosphorie acid might furnish the energy for
contraction. However, it was demonstrated by Lohmann in 1934 that
musele contains no enzyme capable of catalyzing the direct hydrolysis
of CrP, but that the substance is used up instead by reacting with adeno-
sine diphosphate (ADP):

CrP 4+ ADP=Cr + ATP

The Lohmann reaction, as this is ealled, has a small AF and can there-
fore proceed readily in ecither direction, depending on changes in pH
and concentrations of reactants. It obviously will go to the right and
consume CrP only when ADP is available. ADP is present only in
very small amounts in resting muscle, but ean be formed from ATP by
hydrolysis:
STP 40 —22Et 8 Appet BP0,

This breakdown of ATP into ADP is catalyzed by adenosine triphospha-
tase (ATP-ase) and has a AF value of —11,500 cal. From the above
considerations it is evident that this breakdown of ATP must take place
before CrP can be used up by the Lohmann reaction. ATP, therefore,
is most probably the zmmediate energy source for musecle contraction.

Just how the chemical energy in ATP is converted into the mechanical
energy of contraction is not well understood, but it is known that ATP-ase
is present in muscle fibers in large amounts. In faet, ATP-ase probably
makes up a part of the fiber, being itself a long, thread-like protein,
molecules of which are arranged lengthwise along the fiber. When ATP
breakdown occurs, some of the side-chain groups in these or other pro-
tein molecules in the muscle probably become altered in such a way
that they have an attraction for other groups in the same molecules.
This would cause a puckering and shortening of the molecules so affected,
and consequently a contraction of the whole fiber.

High energy phosphate bonds

The energy released when the terminal phosphate group of ATP is split
off (AF = —11,500 cal.) must have been contained in the particular
valence bond which held this group to the rest of the molecule. Numer-
ous other phosphate derivatives are also involved in metabolic reactions

0

(see Chap. 13). All are of the type (HO)J’—X, where X may be either
an oxygen or nitrogen atom, which is attached in turn to another phos-
phate radical or to some organie¢ structure. These phosphorus com-
pounds have been found to fall roughly into two main groups according
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to the amount of free energy liberated on hydrolvsis of the P—X bond.
A number of more important ones are collected in Table 16-1. For the
low encrgy group, AF' is about —2000 to —4000 ealories per mole, whercas
for the high energy compounds it amounts to around —11,000 to —15,000

Table 16-1

Free energies of hydrolysis of some phosphoric acid derivatives

Coymrounp AF, eal. pH Temp., °C
Glucose-l-phosphate ... ... ..., —4,750 85 as
Glucose-6-phosphate ... .. ; —3.000 8.5 38
Fructose-6-phosphate . ... .. . —3.350 85 38
Glycerol-1-phosphate . ........ ... —2,200 8.5 38
ATP (terminal group) .......... —11,500 7.5 20
Acetyl phosphate ................ —14,500 6.3 37
Pyruvic acid enol phosphate . —15.900 ? 20
Creatine phosphate .......... : —13.,000 Fhi 20
Arginine phosphate ......... .. —11,800 7.7 20

* Reproduced from Avison and Hawkins, “The Role of Phosphoric Esters in Bio-
logical Reactions,” Quart. Rev., 5, 171 (1951) by permission of the authors and the
Chemical Society (London).

calories. The latter substances are said to contain a high encrgy phos-
phate bond, which is written as “~P”. It is only the chemical energy of
such bonds which can be transformed directly into useful work by living
organisms, and so far as known, only ATP serves as the immediate source
of such energy, both for muscular work and for all other purposes. The
metabolic breakdoun of foodstuffs, so far as energy requirements are
concerned, is a matter of generating high energy phosphate bonds and
of synthesizing ATP.

Phosphagens

The presence in CrP of a high energy bond, taken together with the
facts already presented, indicates that CrP serves as a ~P storehouse
in musele. When contractions begin, ATP starts to be used. It would
be quickly exhausted except for the Lohmann reaetion, which starts fune-
tioning as soon as some ADP is formed. ATP is thereby resynthesized
at the expense of CrP, and the ATP level is kept up until most of the
CrP is used, and the musele becomes exhausted. This situation is reached,
however, only during very severe work, because during moderate exer-
cise the metabolism of glycogen soon starts, and ~P compounds are pro-
duced as fast as needed (see below). When muscular work stops, gly-
cogen breakdown eontinues for a time, ATP is resynthesized, and the
Lohmann reaction goes into reverse until the normal amount of CrP
charaeteristic of resting musele is restored.

This arrangement gives the muscle a much greater supply of quickly
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available energy than the ATP alone could provide, since considerably
larger amounts of CrP are present (Table 16-2). In view of its metabolic
role, CrP has been called a phosphagen. Another phosphagen, arginine
phosphate, takes the place of CrP in the muscles of most invertebrates.

Table 16-2

Relation of museular activity to concentration of various substances in muscle

Muscle Concentration T when muscle is:
SUBSTANCE species and Lype Resting  Fatigued In rigor

Adenosine triphosphate Average mammal,

striated 5.0 2.5-4.5% 0.005*
Adenosine triphosphate Average mammal,

cardiac 1.5 trace or none
Adenosine diphosphate  Average mammal,

striated 0.005*  0.5-2.5% 5
Creatine phosphate Average mammal,

striated 20 10-15 trace or none
Creatine phosphate Average mammal,

cardiae 2 trace or none
Creatine phosphate Rat, smooth 1 trace or none
Arginine phosphate Crab, striated 32 18 trace or none
Lactic acid Average mammal,

striated 1.7 45 68
Inorganie phosphate Average mammal,

striated 0.1* 10 30

* Values estimated from probable ATP-ADI’inorganic I’ ratios as caleulated from
energy relations of aerobic and anaerobic metabolism (see M. J. Johuson, Chap. XI1,
in Respiratory Enzymes, by Lardy : Burgess Publishing Company, Minneapolis, 1949).

i Millimoles per kilogram, fresh weight.

Still another phosphagen of unknown composition has been detected
in certain lower organisms., The amounts of phosphagens in various
tissues are shown in Table 16-2. By far the largest concentrations are
present in those muscles which are capable of the greatest work output
(striated musele).

Generation of high energy phosphate bonds

Glycolysis. The reactions of glycolysis, which result in the formation
of high energy bonds, are now known in detail. They have been presented
in Chap. 13 (Figs. 13-1 and 13-3, reactions 9 and 12). In all, four ~P
bonds are so generated for each hexose unit, that is, four molecules of
ADP are converted to ATP. However, two molecules of ATP are used
up along the way (reactions I and 4) so that the “net yield” to the
organism is two moles of ATP per mole of glucose metabolized to lactic
acid. Since each mole of ATP gives up 11,500 cal. when used for work
(i.e., hydrolyzed to ADP), this figure represents an energy yield from
glycolysis of 23,000 cal. per mole of glucose. The free energy change
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for the conversion of glucose to lactic acid is not known with certainty,
but is probably close to 40,000 cal. per mole. If this figure is correct,
the efficiency of glyeolysis is nearly 60 per cent.

It is perhaps not realistic to discuss the energy relationships of gly-
colysis in terms of the conversion of glucose to lactie acid, since this acid
represents only an offshoot from the main pathway of carbohydrate
metabolism and is not produced at all exeept during severe work (review
p. 328). Even then, it is reconverted to pyruvie acid during rest.  How-
ever, if carbohydrate breakdown is to be divided for purposes of study
into anaerobic and aerobic phases, the anaerobie part must be treated
as ending with lactic acid, even though discussion of the aerobic phase
begins with pyruvic acid. Allowance for the energy released in con-
verting lactie acid to pyruvie will be made below.

Aerobic Metabolism. Complete combustion of glucose to carbon di-
oxide and water releases about 683,000 cal. under physiological conditions.
From the above figures it is obvious that only a small fraction of this
total appears during anacrobic glycolysis.  Approximately 94 per cent
of the energy of the glucose remains to be released through the operation
of the citric acid eyele. It is of great interest to discover what portion
of this remaining energy becomes fixed in a biologically usable form (pre-
sumably ATP), and to learn just how the reactions of the citrie acid
evele result in the formation of the nceessary ~P bonds. During the
oxidation of one molecule of pyruvic acid by one “turn” of the cycle, 10
atoms of hydrogen are released (2 in each of five steps, namely, reactions
16, 20, 22, 23, and 25, Fig. 13-4). The energy irom the whole cyele is
actually produced by the combination of these hydrogen atoms with the
oxvgen of the inbaled air, and ~P bonds are evidently formed at the
same time. Before discussing this subjeet in greater detail, it secms
desirable to consider briefly the nature of oxidation and the quantitative
relations between oxidation and energy changes.

Oxidation is often defined as addition of oxygen or removal of hydrogen,
but eases are also eommon in which oxidation oecurs without either
oxveen or hydrogen being directly involved. The most exact and gen-
eral definition states that oxidation is a loss of electrons. For example,
Fet+— Fet++ L e, where e stands for an electron, the unit negative
charge of electricity. The tendency of substances to give up electrons
and become oxidized is expressed in terms of volts as an electrieal po-
tential, called the oxidation-reduction or redox potential. Strong oxi-
dizing agents have positive potentials ranging up to about -2 volts,
while reducing agents go down to about —1 volt, and even lower in a
few cases. These relations provide a scale of oxidizing power, much
as the pH scale measures aetive acidity. When the oxidized and reduced
forms of an oxidizing agent are in equal concentrations, that is, when
the oxidizing agent is half reduced, its redox potential is called by defini-
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tion the normal potential, If,. 1f a substance of high FE, reacts with
one of lower Ky, the potential of the former (the oxidizing agent) drops
as more and more of 1t becomes changed to its reduced form, and the
potential of the latter (the reducing agent) rises as it is converted into
its oxidized form. Finally, the two potentials become equal and no
further reaction occurs. The free energy released depends on AE, the
difference between the two £, values. This relationship is given by the
following equation:

— AF =nF AE

where n is the number of electrons involved in the reaction, and F is
the Faraday.!

These principles may now be used to explore the possibilities of ~P
generation during the biological oxidation of metabolites. As explained
above, the energy released comes from hydrogen atoms split off at various
stages. Each pair of hydrogens passes through a system of coenzymes
or carriers before finally being united with oxygen (review cytochrome
system, p. 333). A series of oxidation-reduction systems is therefore
involved, each having its own characteristic E, value. The biological
oxidation, for example, of lactic to pyruvie acid probably involves the
various coenzymes and redox potentials shown in Fig. 16-1.

The two hydrogens are split off at a potential of —0.18 volt and, at
first, combine with DPN:

CH,CHOHCOOH + DPN = CH,COCOOH + DPN - H,

Since the AF of this reaction is 44600 cal., the equilibrium point lies
far to the left, and the lactic acid will not be oxidized unless the DPN - H.
is removed. If the amount of DPN -« Il is in some manner kept very
low, the equilibrium point is displaced to the right in accordance with
the law of mass action. Of course, the hydrogens are, in fact, immediately
transferred from the DPN -H. through the remaining steps shown in
Fig. 16-1, and for each of these steps AF has a large negative value.
This means that their equilibrium points lie far to the right, and the
hydrogens are therefore pulled along until they unite with oxygen. They
have then traveled over a potential span of 0.99 volt (—0.18 to 40.81),
an interval which corresponds to a free energy change of —45,700 cal?
This energy, however, is not released in a single burst, but in three suc-
cessive smaller portions, as shown in Fig. 16-1. One of these is near
10,000 cal., about the amount needed for a ~P bond, while the others are

* In any chemical process associated with electron transfer, a certain definite quantity
of electricity is always needed to bring about the transformation of one gram equivalent
weight of the reacting substance (examples, electrolysis of water, electroplating of
metals). This guantity, the Faraday, is 96,500 coulombs, which is equivalent to
23,060 calories per volt.

2 Caleulation : — AF = nF AE = 2 % 23,060 % 0.99 = 45,700.
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considerably larger. Therefore, approximately the right amount of
energy is made available in about the right sized “packages” for the
generation of three high energy bonds, when one mole of lactic acid is
oxidized to pyruvie acid and water.

Overall reaction

CH,CHOHCOOH + 40 =—= CH,COCOOH + H.O

Lactic acid Pyruvie acid
Corresponding redoz polentials
and encryy changes

By AE AF

Intermediate stages volts volts cal.
1. Lacticacid =—= pyruvic acid+ 2H —-0.1Sl 0.10 £600
2. DPN +2H == DPN H + H* -0.25y _0.00 4—10’?00
3. FAD + 2H == FAD-H, ~008) +0';; By
1. 2Cyt. ¢ Fer++ 4+ 2H === 2Cyt.eFe** +2H* 1026 ‘ +0-_r__ ”q_'; .
5 10, +2H == H0 +os1t O3 —2040

Fig. 16-1. Intermediate sfages and energy relationships in the biological
oxidation of lactic to pyruvic acid.

The five pairs of hydrogens that split out when pyruvie acid is com-
pletely oxidized by the citric acid eyele likewise pass through the hydro-
gen transport system. Each pair originates at a definite redox potential,
which is given in Table 16-3. Calculations of the energy released as each
pair becomes united with oxygen indicate that sufficient energy should
be available to generate the number of ~P bonds shown in the last
colummn. The total is 16 such bonds per mole of pyruvie acid. Since
three more could have been formed in the conversion of lactic into pyruvie
acid, the total for the aerobic phase of carbohydrate metabolism would
be 2 X (16 + 3) or 38 per mole of glucose. It must be emphasized that
these figures are only estimates based on the information now available.

Table 16-3

Redox potentials at which hydrogen is released during oxidation of pyruvic
acid via the citric acid eycle

Numberof ~P
Aeid Aeid Corresponding Fo bonds possibly
dehydrogenated produced value *at pH 7 formed

Pyruvie Accetie — 063 1
Tsocitrie Oxalosuecinice —0.13 3
u-Ketoglutaric Suceinie —0.60 1
Succinic Fumarie 0.00 2
Malie Oxalacetic —0.10 3
Total: 16

* Voits,
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Esterification of Inorganic Phosphate. Another line of evidence has
been uncovered which bears on this question of the number of ~P bonds
formed during the aerobie phase of carbohydrate metabolism. Ground-up
preparations from tissues such as liver and kidney are able to take up
molecular oxygen and use it to oxidize pyruvie acid, or any other acid
involved in the eitric acid eyele, to earbon dioxide and water. Inorganic
phosphate is nceded for this oxidation, and as the oxidation proceeds,
some of the phosphorus becomes esterified, that is, united with organie
substances. Lehninger has demonstrated with the aid of the isotope,
P#=, that the newly formed organic phosphate has the properties of ATP.
It is very probable that one molecule of ATP is produced for every atom
of phosphorus esterified during the oxidation. The number of P atoms
taken up for each atom of oxygen used is difficult to measure accurately
because of side reactions which break down the new ~P bonds even as
others are being formed. The best results, however, show values ap-
proaching those given in the last column of Table 16-3. This evidence,
then, also tends to indicate that phosphorylations oceur and ~P bonds
are formed each time hydrogen atoms, from whatever source, are passed
from one hydrogen carrier to the next. In fact, this hydrogen transport
system 1s almost certainly the chief energy transformer of aerobic
organisms.

Efficiency of Energy Metabolism. The above discussion deliberately
goes somewhat beyond the bounds of present well-established knowledge
in order to estimate the efficiency of energy metabolism in animals. If
38 ~P bonds are produced during the conversion of lactie acid to ecarbon
dioxide and water and two more are produced during glycolysis, a total
of 40 moles of ATP could be formed from the metabolism of one mole
of glucose. If these figures are correct, the efficiency of the overall process
would be

40 % 11,500

683,000

This is a very high value in comparison with other types of machines.
The maximum efficiency of a steam engine, for example, is around 25
per cent and that of a diesel engine about 40 per cent. As a matter of
fact, direet work measurements show that animals also have maximum
efficiencies of about 30—40 per cent, but usually work at only about 15-20
per cent efficieney. This is not surprising since the above value of 67
per cent applies only to ATP formation. No information is available
regarding the efficiency with which the ehemieal energy of ATP can be
converted into muscular work by the animal.

Physiological Fuel Value of Foods. Until quite recently the study
of cnergy metabolism in animals and man was conducted almost ex-
clusively from the standpoint of the total heat produced by combustion
of various foods and the total energy needs of metabolism under various
conditions. Although this sort of knowledge does not provide as much

= B67%
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insight into energy metabolism as the direct ehemical approach deseribed
above, it nevertheless has important practical applieations.

The heat of combustion of a food is determined by usc of the bomb
calorimeter. This is a heavy steel eylinder or “bomb” surrounded by
water in an insulated container. The sample plus oxygen at high pres-
sure is placed in the tightly closed eylinder and ignited by a spark. The
amount of heat liberated as the sample burns is determined by noting
the exaet rise in the temperature of the water and making suitable cor-
reetions for heat taken up by the bomb itself. The results are expressed
as calories liberated per mole or per gram of substance burned.

When pure chemicals are examined in this way, the heats of com-
bustion are found to vary according to the composition of the sample.
The figures given in Table 16—4 show that higher percentages of carbon
and hydrogen are associated with higher heat values, whereas the opposite
is true for oxygen. The reason for this, of course, is simply that sub-
stances like glucose with a high oxygen content are in effect already
partly oxidized.

The fuel values of foods likewise depend on their elementary composi-
tion, but information of this sort is not usually available. Instead,
foods are usually analyzed for their contents of carbohydrate, fat, pro-
tein, minerals, and moisture. These percentages constitute the proximate
composition. The heat value of a given food can be caleulated easily
from its proximate composition, if the heat contributed by each of the
major components is known. Minerals and moisture, of course, contribute
nothing in this regard. Carbohydrates, proteins, and fats in the bomb
calorimeter give about 4.1, 5.7, and 9.5 Cal. per gram, respectively (sece
Table 16-4). However, not all of this energy is available to the animal
body partly because foods are not completely digested and absorbed and
partly because they are not always oxidized completely in the body.
Proteins in particular are oxidized to carbon dioxide, water, and free
nitrogen in the calorimeter, but in the body the nitrogen is converted
into excretory products (urea, creatine, ete.), which are themselves or-
ganic substances capable of being burned, and releasing additional heat.

Table 16—4
Relation of chemical composition to heat of combustion of various substances
SUBSTANCE Composition Heat of combustion

C% H% 09 N% (Cal. per gram)
Glucasel S e 40.0 6.7 533 3.73
T T O B s o e sl 42.1 64 515 3.96
Starch. Lol 414 6.2 494 422
AlRNING i bim s s 404 79 35.9 15.7 435
Casein® . .....cccvniienenannas 53.1 70 225 158 5.85
Stearie:aeid Lzl 76.0 128 11.2 9.53
Aniroal fatai(av) ' o.oe o 76.5 12.0 115 9.50

* Also contains 0,.8% S and 0.8% I,
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When allowance is made for these facts, the average physiological fuel
value of carbohydrates, proteins, and fats becomes, in round numbers,
4, 4, and 9 Cal. per gram, respectively. Note that these values are ex-
pressed in kilocalories and that they refer to the total energy obtained
by the organism, both in the form of heat and in the form of ATP or
other ~P compounds. However, no allowance for entropy changes is
included, and as explained previously these changes are likely to pro-
vide additional energy. The entropy changes involved in the metabolism
of most foodstuffs are not known.

The physiological fuel values of a list of common foods are given in
the Appendix (Table A-1, p. 434). A study of this list emphasizes the
tremendous effect of two components, namely fat and moisture, on the
calorific value. Watery foods like fresh fruits and vegetables contribute
very few calories, whereas concentrated, dried foods, especially those high
in fat such as nuts, chocolate, vegetable oils, ete., have very high energy
value. Sherman has pointed out that an ounce of olive oil is equal in
fuel value to over three pounds of lettuce!

Energy requirements

Basal Metaboelism. The most conspicuous use for food energy is in
the performance of muscular work. However, even at rest, energy is
required by a living animal or human being to keep various vital fune-
tions in operation. These include, not only such obvious processes as
breathing, heart action, and blood circulation, but also the maintenance
of a eertain minimum musele tension or tonus (even when lying down
and completely “relaxed”) and the normal operation of the organs of
digestion, secretion, and excretion. The kidneys, for example, use energy
to exerete waste products, and energy is needed to cause digested foods
to pass through the intestinal wall. Even the synthesis and maintenance
of the protein molecules which make up body tissues require energy,
since the equilibrium point of the reaction

protein + water = amino acids

lies far to the right, and energy must be supplied to shift it to the left.

The minimum rate of energy metabolism to provide for such functions
is called the basal metabolism, and the energy thereby consumed is con-
sidered to be the minimum energy requirement. The basal metabolism
is measured about 12 hours after cating so that no digestion of food is
taking place, and with the subjeet lying down in a room of comfortable
temperature. Under these conditions all the energy being used by the
body appears directly in the form of heat since no external work of any
sort 1s being done.

The basal metabolism ean be measured by direct calorimetry, that is,
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by placing the subjeet in a large calorimeter and determining the heat
output as deseribed above for the bomb ealorimeter. This actually
has been done in many cases, but is so cumbersome and expensive that
a shorter, indirect method has been devised. This method depends
on the fact that heat output is elosely related to oxyvgen consumed and
earbon dioxide liberated by the subject. Thus for the oxidation of
glueose,

CgHmo,; + 602 s GCOQ "' GIIQO + 6:"8 C{ll.

it is apparent that six moles of oxygen are used for the oxidation of one
mole of glucose and the production of 678 Cal! Six moles of a gas
occupy 6 X 22.4 or 134.4 1. at standard temperature and pressure. There-
fore each liter of oxygen used in this reaetion results in the production
of 678 = 134.4 or 5.047 Cal. For fat oxidation the relations are some-
what different. Taking tristearin as an example,

9(C17Hg5C00)5C5H; + 16305 —> 114C0. + 110H.0 + 17,060 Cal.

it is seen that in this case one liter of oxygen produces 17,060 < (163 X
22.4) or 4.67 Cal. Oxidation of average mixed food fats yields 4.69
Cal. and of mixed proteins, 4.82 Cal. per liter of oxygen consumed.

An indication of which type of foodstuff i1s being oxidized by the body
at a given time is provided by the respiratory quotient (R.Q.), which
is the ratio of carbon dioxide given off to oxygen used:

CO, given off

RQ:= 0, used

The amounts of the two gasses may be expressed in moles or in volumes
(measured at the same temperature and pressure). It follows from the
above equations that the R.Q. for oxidation of glicose is 1.00 and of
tristearin 0.70 (114 = 163). In general, the R.Q). for average mixed
carbohydrates is 1.00, for fats 0.71, and for proteins 0.81. It has been
found that the R.Q. for both animal and human subjects under the con-
ditions of the basal metabolism test is elose to 0.82. For this R.Q.
value each liter of oxygen consumed produces 4.825 Cal® All that is
necessary, therefore, to find the metabolic rate is to measure the liters
of oxygen consumed per unit time and multiply by 4.825.

The basal metabolism is a fundamental characteristic of the living
animal. Its magnitude depends on the body weight, body surface area,
sex, age, and other factors. However, for healthy individuals of a given

1 The current values of heat output per liter of oxygen are based on GT8 Cal. as the
heat of combustion of glucose, although 673 Cal. probably is morve nearly correct.

2 Caleulated on the assumption that only fats and earbohydrates arve being oxidized,
The amount of protein oxidized, which can be estimated from the urinary uitrogen

excretion, does not have to be considered since proteins also yield 4.82 Cal. per liter
of oxygen.
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size and age there is a normal rate of basal metabolism, and any marked
deviations therefrom indicate an abnormal, perhaps diseased, condition.
Brody has emphasized the relation between the body size and basal
metabolism of a large number of animal species. e found that the
formula

Cal. per day =70 x (body weight in ke.)%-™

holds very well for a tremendous range of body sizes (Fig. 16-2). Note
that the smallest animals have the highest basal metabolism per kilogram

Body Weight, lbs.

0.1 1.0 10 100 1,000 10,000
cal./day Por—rTreror——v v e =R R iy
cal /k&/da [ Cal.=39.515.07%4 Horses 100,000
SRESCAY | g g 1y 21568 19734 Dairy bulls
10,000 F caro70.5 kg. 0734 Beef cows
C Beef steers - Lieef steers
Porkh s
onies Dairy cows 10,000 :
s Swine =
& 2
= 1,000 ©
st 5
3 ]
:é': \ Rabbits 209 devistion lines 1,000 =
et 100 Ducks ~ - Domestic fowl i
= Guinea pigs g I'-g
M Pigeons = e
(Canaries
\s\;.mms . ,’ﬁ%& 100
X 20
PR B B A T e e e VR L
1.0 10 100 1,000 5,000

Body Weight, kgs.
From Drody, Bieenergetics and Growth, Relnhold Publishing Corporation.

Fig. 16-2. Relation of body weight to basal metabolism of mature ani-
mals of various species. The rising curve, showing basal metabolism per
animal per day, is represented very well by the equation, Cal. per day =
70.5 % (body weight in kg.) ™. However, irom the nature of the data the
numerieal values 0.734 and 70.5 are somewhat doubtful and probably should
be rounded off to 0.73 and 70, respectively. The declining curve, showing
metabolism per kg. of body weight per day, similarly corresponds to the
equation, Cal. per kg. body weight = 70.5 X (body weight in kg.) =,

of body weight, although the largest animals, of course, have the highest
total metabolism. More detailed formulas have been worked out for
human beings, which take account of age, sex, height, and body surface
arca, as well as weight. For example, a 30 year old man who is 175 em.
(5 ft. 9 m.) tall and weighs 70 kg. (156 1b.) should have a basal metabolie
rate (BMR) close to 1630 Cal. per day.!

Total Energy Requirements of Human Beings. The amount of food

1 Caleulated from Harris and Benedict's formula (see Sherman, Chemistry of Food
and Nutrition, Tth ed., p. 164).
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needed above the basie metabolie level depends ahnost exelusively on
muscular activity. Representative figures for various types of activity !
are given in Table 16-5.  An approximate idea of the total daily energy

Table 16-5
Total energy expenditure under different conditions of muscular activity *

("alories per hour

Per 70 ke.

FORM OF ACTIVITY (Av. Man) Per k. Per Ib.
SICEPIDE = viwibhiaa s vims G5 0.93 0.43
Awake, lying still . ..... : 7 1.10 0.50
Sitting at rest ... ......... . 100 143 0.65
StandingirelaXed wi e s S 105 1.50 0.69
Dressing and undressing = ............. 118 1.69 0.77
Typewrniting rapidly N 140 2.00 0.91
Ve T T e e e e 200 2.86 1.30
Carpentry work ........ . ... S 240 343 1.56
Walking, 375 mph. ................. ... 300 428 1.95
BN T O OO e ottt e a s e ey s b o 480 6.86 3.12
R TR e e oo R e e 500 7.14 3.25
Runpmg, 5:3-mph.) osoimesssniaesies 57 8.14 3.70
Walkane Unstairs i e e e 1100 15.8 7.18

* Reproduced by permission from Sherman, Chemistry of Food and Nutrition, Tth
ed., The Maemillan Company, New York, 1946, p. 180,

requirement might be obtained from these figures by estimating the time
spent in various ways. However, more accurate estimates can be made
by other methods. If, for example, an exact rccord of the total food
intake of an individual is kept for a period of several months, and the
body weight does not change appreciably during that time, the number
of calories consumed per day must have been very nearly equal to the
energy requirement.  Another method is to measure oxygen consumption
while the subject is engaged in various activities. Recommended allow-
ances based on these and other types of measurements have been made
by the Food and Nutrition Board of the National Research Council and
are listed in Table 16-6. Note the relatively high allowances for growing
children and the inereased requirements caused by pregnancy and lacta-
tion and by heavy muscular work.

Obesity. The problem of obesity, or excessive fatness, is unfortunately
a very common and serious one in many of the more prosperous, indus-
trialized countries. The implications for health, longevity, and general
well-being are too well known to require comment. ITowever, the basic
facts regarding control of body weight are apparently not well under-
stood by many people.

! Note that the values in Table 16-5 are for total energy expenditures under varvious
conditions, ie., they inelude the basal energy requirement.
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Table 16—6

Recommended daily calorie allowances *

Calories
Men (154 1b., 70 keg.) :
Bedentaryi i s i 2,400
Physieally active ................ 3,000
With-henvy work s e i e s 4,500
Women (123 Ib., 56 kg.):
Sedentary 2,000
Moderately active . .......... ... 2400
Very active .. ... .....ooovvin.. 3,000
Pregnancy (latter half) .......... 2,100
Lactation ...................... 3,000
Children:
Under 1yr. ... .. ... .. ... . 110/221b. (1 kg.)
1-a-yes (27alh Sk e 1.200
46 yrs. (42 1b., 10 keg) ........ .. 1,600
79 yrs. (38 b, 26 kg) .......... 2,000
10-12 yrs. (78 1b. 85 ke )y v v 2,500
Girls, 13-15 yrs, (108 b)) .. ... .. 2 600
Girls, 16-20 yrs. (122 1b.) . ....... 2,400
Boys, 13-15 yrs. (108 1b.) ........ 3,200
Boys, 16-20 yrs. (141 1b) ........ 3,500

* “Calorie allowances must be adjusted up or down to meet specific needs. The
calorie values in the table are, therefore, not applicable to all individuals but, rather,
represent group averages., The proper calorie allowance is that which over an ex-
tended period will maintain body weight or rate of growth at the level most conducive
to well-being."” .

There is only one possible cause of obesity, namely, a greater aver-
age calorie wntake over extended periods of time than is balanced by
energy expenditures. No matter what the other circumstances may be,
if the body weight is inercasing (beyond the bounds of normal growth),
the food intake must be excessive. Frequently this simple and obvious
fact is either disbelieved or ignored. Perhaps one reason for this is that
the relation between the calories eaten and the amount of work needed
to use them up is not clearly appreciated. Some specific examples may
help to emphasize this relationship. Suppose a young woman has a
light snack, consisting of one ounce of shelled peanuts, in addition to
regular meals sufficient for normal energy requirements. One ounce of
peanuts has a physiological fuel value of about 180 Cal! (Appendix,
Table A-1), which is equivalent to slightly over 540,000 foot-pounds of
work.? Assuming that this energy is converted into work with 20 per
cent, efficiency, a 56 kg. (123 1b.) woman would have to climb a vertical

1 Most of the popular five-cent candy bars also contribute about this same number of

calories.
2 One Cal, equals slightly more than 3000 foot-pounds.
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distance of (540,000 < 0.20) = 123, or 878 feet in order to use it com-
pletely. If this very considerable exertion, or its equivalent in other
work, iz not made, the extra ealorics provided by the snack will inevitably
go to form fat.

As another example, suppose a person wishes to exereise enough to
remove one pound of fat. The fat tissues of the body contain about
one-fifth moisture and four-fifths actual fat. One pound of such tissue,
therefore, represents 454 % 0.8 X 9, or 4080 Cal. According to Table
16-5, walking at the rate of 3.75 miles per hour involves a total energy
' expenditure of 300 Cal. per hour for a 70 kg. man. Therefore, the man
would have to walk 13.6 hours (4080 = 300), or a distance of 51 miles
(13.6 X 3.75) to “burn off” the pound of fat. Of course, considerably
more weight might be lost in the form of perspiration, but this weight
would be quickly regained through increased water intake. These ex-
amples show that it is very difficult, and usually impractical, to counteract
excessive food intake by increased muscular activity.

Another source of confusion is the fact that some individuals gain
weight on a food intake which would not be excessive for others. This
may be due to differences in the efficiency with which the food is digested
and absorbed, or to differences in basal encrgy requirements. Other
things being equal, older pcople need fewer calories than younger ones,
and a short stocky person probably has a lower basal metabolism than
a tall gangling one.

The solution to the problem of overweight is very simple in theory,
but, of course, in practice it is complicated by the appetite, which unfor-
tunately is not an accurate guide to the energy requirements of the body.
However, only a slight reduction of the calorie intake, if persistently
continued, is eapable of restoring normal weight. If as calculated above,
one pound of fatty tissue corresponds to 4080 Cal., a reduction of only
100 Cal. a day would amount to the equivalent of 8 pounds a year. Ad-
justments of this magnitude can usually be made merely by intelligent
food selection. The principles to be observed are to avoid fat insofar
as possible and to increase the consumption of high protein foods such
as fish, poultry, and lean meat. A high protein intake satisfies hunger
with the consumption of relatively few calories. Bulky foods like fresh
vegetables are also indicated. Severe dieting or use of drugs for reducing
are at best undesirable and often actually dangerous to health. The most
satisfactory procedure is a rearrangement of one’s eating habits such that
a gradual but steady weight reduction occurs.

REVIEW QUESTIONS ON BIOLOGICAL ENERGETICS
1. What is a calorie; a foot-pound? How many feet would a 150 Ib. weight have

to be raised to use up energy equivalent to 500 calories?
2. If the heat of combustion of ethyl alcohol is 326 Cal., how many calories would
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be provided by the aleohol in a glass of beer (assume 250 ml. per glass and 4 per
cent aleohol in the beer)?

3. What is meant by a high energy phosphate bond? Name three substances that
contain high energy and three that contain low energy phosphate bonds.

4. Which type of energy is used as the immediate source of energy for performing
biological processes of various kinds? How does the animal body differ from a
heat engine in its functioning?

5. List two reactions of glycolysis in which ~P bonds are formed. Which parts
of the aerobie oxidation process in the body are probably mainly responsible for the
liberation of energy and the formation of ~P bonds?

6. What is the Lohmann reaction? Explain the importance of this reaction for
musele contraction.

7. What is free energy, and how is it related to the heat of a chemical reaction?
What is the relation between the [ree energy change of a reaction and the extent
to which the reaction proceeds.

8. Define basal metabolism, and explain the general relationship between the basal
metabolic rates of various animals.

9. What is there about the chemical nature of fats, proteins, and carbohydrates,
and about the way they are metabolized in the body, which accounts for the differ-
ence in their physiological energy values?

10. Calculate the number of calories provided by a light lunch consisting of a
glass of milk (250 ml.) and a sandwich made up of the following ingredients:

white bread . ................ 56.2 g.
et e e S g R T i 327 g.
AR et s 8.0 g.
oil dressing . ................ 21 g.
American cheese ............. 50.7 g.

11. About how far could a person run by using the energy from the lunch itemized
in Question 10?

12. What is the respiratory quotient? Is it possible to have an R.Q). greater than
1.0? Explain.
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Appendix

COMPOSITION AND ENERGY VALUE
OF FOODS

The four tables making up this appendix are revisions of the tables
contained in the authors’ previous book, Elements of Food Biochemistry.
The new material in these tables is taken largely from Watt and Merrill,
Composition of Foods, US.D.A. Agricultural Handbook No. 8, 1950. A
small number of new entries come from Sherman, Chemistry of Food
and Nutrition, Tth ed., McCanse and Widdowson, The Composition of
Foods, and Morrison, Feeds and Feeding, 21st ed. The tables include
data for most of our raw food materials and for representative canned
foods. By comparing these data an idea ean be obtained of the differ-
ences in composition resulting from commercial eanning operations. More
comprehensive data on canned and cooked foods are contained in Watt
and Merrill and in MeCanse and Widdowson. No data on farm rough-
ages have been included because of space limitations. Such data are
found in Morrison.

In using these tables the student should bear in mind that the com-
position of any given sample that may be analyzed does not neces-
sarily correspond to the figures recorded lere. Some variations are
found in the proximate composition of different samples, but greater
variations occur in figures for the mineral and vitamin contents. Dif-
ferences as great as 100 per cent may be encountered among a series
of plant samples. These differences are due chiefly to soil and climate
conditions, but they are also related to varieties and maturity of the
plant. From the dietary viewpoint, such variations are not serious be-
cause variations in different foods cancel each other. The actual intake
during a period of time will probably correspond closely to that cal-
culated from the figures of the table.

Places marked with a question mark in Tables A-2 and A-3 indicate
that no quantitative data have been as yet found. A fair idea of the
probable amount present may be obtained by noting the figures given
for a similar material. For example, the magnesium and other figures
missing for buckwheat are probably in the same range as those given
for another cereal, say, barley or rye. From a nutritional viewpoint,
the important mineral elements are caleium, phosphorus, and iron, and
these elements are given for all the foods in these tables. Values for
sodium and chlorine are omitted as indicated by (a), where a consider-
able amount of sodium chloride is added in making the product, such as
butter.

433
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Tuble A-1

Proximate composition of foods
(Edible portion)
Carbohydrate Food

Mois- Pro- Avail- energy
Foob ture Ash tein Fat  Total* ablet (Ual, per
% %o % % Fo Go  100g.)
Almonds ...cvvvimnenns 4.7 3.0 18.6 541 19.6 16.9 ity
Apples, fresh .......... 5401 0.3 0.5 (.4 14.9 13.9 nS
AT 7 weivisiaioiirazsres 23.0 1.4 1.4 1.0 73.2 605 277
Ajpricots, fresh ........ 8o.4 0.6 1.0 0.1 12.9 12.3 51
tried Ficiesanannienzatie 24.0 30 5.2 0.4 GG.D G3.7 2062
canned, sirup ...l 7.3 0.6 0.6 0.1 21.4 21.0 S0
Arfichokes! futeunmnee 83.7 1.1 24) 0.4 11.9 5.7 63
Asparagus, fresh ....... 93.0 0.7 290 0.2 3.9 3.2 21
CANDEN e e 93.6 1:3 1.9 0.3 29 24 18
Avoeados . ..eenina... 6a.4 1.4 15T 20.4 o 3.3 245
Bacon, medium fat ..... 20,0 4.3 91 G5.0 (1:1) 11 0630
IS OANNNAR, o fo e oiale s a e e wiei e 748 0.8 ¥ L 0.2 23.0 224 S8
Barley, grain .......... 10.2 21 12.8 21 728 701 300
yearted e 11.1 0.9 R 1.0 8.5 8.3 349
Beans, Lima, dried ..... 12.6 3.8 20.7 1.3 61.6 57.3 333
fresh o iaasnanees G6,5 1.7 75 0.8 23.5 22.0 128
navy, dried .......... 10.5 3.9 230 15 (i b 58.2 338
string.fresh conaans S50 s 2.4 0.2 .0 6.3 30
baked, eanned ........ T0.0 2.0 o 3.0 19.2 185 125
green, canned ........ 05,5 1.2 1.0 0.1 4.2 3.6 15
Beef, medium fat ....... 630.0 0.9 17.5 22.0 0 0 273
chuck, medium fat . ... 53,0 0.9 186 16.0 0 (1] 224
sirloin, medium fat ... G20 0.9 17.3 240.0 0 0 25
rib, medium fat ...... 59.0 0.8 174 23.0 0 0 282
round, medium fat ... . (64,0 1.0 10.5 11.0 0 0 152
corned, medium fat .. 542 2.0 15.5 25.0 0 (1] 293
T T O NG 13 L 1.6 0.1 9.6 8.7 42
Beet greens ........... 00,4 1.7 2.0 0.3 5.6 4.2 27
Blackberries .......... S8 0.5 ) 1.0 12.5 8.3 57
Blueberries ........... s54 .3 0.6 0.6 151 13.9 61
Brains (all kinds) ..... TS.8 1.4 10.4 S.6 0.8 08 125
Bran—see wheat
Srazil nuts ... ... ee. 5.3 3.4 144 65.9 11.0 8.9 6405
Brent TN e et e 35.3 2.0 0.1 1.2 524 52.0 244
white, commercial . ... 347 1.8 8.5 3.2 b1.8 51.6 276
whole wheat ......... a6.6 25 9.3 2.6 40.0 47.5 240
BYoreoll et aaisissinsisls 809 1.1 3.3 0.2 oD 4.2 29
Brussels sprouts ....... S4.9 1.3 4.4 0.5 89 7.6 47
Buckwheat, grain ...... 12.0 19 10.3 23 3.5 62.8 356
Bufter: ol s on 15.5 25 0.6 51.0 0.4 0.4 716 |
Buttermilk (cult'd skim
milk): S 905 0.8 3.5 0.1 5.1 5.1 36
Butternuts ....vvvveen. 3.8 29 23.7 61.2 8.4 6.4 679
Gabbage ihviins i e 02,4 0.8 1.4 0.2 5.3 4.3 24 b
celery L..iaiiiiiienn O5.4 0.7 1.2 0.3 2.4 1.9 14 b
Jantaloupe ............ 940 0.6 0.6 0.2 4.6 4.0 20
CarrotS  ..vevunnnnaa.s 88.2 1.0 1.2 0.3 9.3 8.2 42 |
eanted ol o e e 02,2 0.9 0.5 04 6.1 5.5 28
Cnshew nuts .. ...ove.s 3.6 2.7 18.5 48.2 27.0 25.7 578
Canliflower, oo 91.7 0.5 24 0.2 4.9 4.0 25
CRIOTY i calaisie wiaials frmierem 93.7 1.1 1.3 0.2 3.7 3.0 18 Il
Chard, leaves .......... 01.0 1.2 2.6 0.4 4.8 4.0 27
Cheese, cheddar,

American ......... a7.0 3.7 25.0 322 21 21 308
cottage, from skim milk  76.5 1.5 19.5 0.5 2.0 2.0 96
SWISS ...iieeiiina.. 39.0 3.8 275 25.0 1.7 1.7 370

Cherries .............. 83.0 0.6 71 0.5 14.8 145 6l
* Difference between 100 per cent and the sum of the percentages of water. ash. pro-

tein, and fat. Figures in parentheses were not obtained in this way.
1 Carbohydrate exclusive of fiber,
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Table A-1 (Continued)

Proximate eommposition of foods
(Edible portion)

Carbohydrate Foad
Mois- Pro- Avail- encrgy
IFoon ture Ash tein Fat Total®*  ables (Cal per
o tr.;l ',;‘ rl'.; f:,‘r % 100 £. }
Chicken, broilers ....... i B 1.1 20,2 T 1] i) 151
ROaEters s i ey [N 1.0 20,2 120G 0 0 2000
e s T e on. 1.1 18.0 1] 0 302
Choeolate, bitter ....... L i 2.5 26,6 no1
sweetened ... ... ..., 14 1.4 2.0 61.3 471
Clams ..vovneiinnn... B k| 128 3.4 N1
Cocoa, plain ........... 3.5 0.0 8.0 44.3 2403
Coconut, dried, shredded, LB 0.8 EAH 49.1 oo
ORI el 46.4) 1.0 34 10.8 300
BoMHPIRT - shareas Si6 1 3.4 6.0 40
Corpsgramm .. sasnhneis 11.0 1.3 10.0 1.3 372
popcorn, popped ... .. 4.0 1.6 125 T4.5 3806
sweet, fresh ......... 739 0.7 a7 19.7 92
eanned i S0.5 0.9 2.0 15.3
Corn flakes ........... 3.6 29 S sS4
Corn meal, whole ...... 12.0 152 0.2 02
Cottonseed, whole ...... Tt 3.5 23.1 20.3
Cowpeas, fresh ........ 659 1.4 0.4 a7
dried, mature ........ 10.6 3.5 299 D74
T o e D e A 80.0 1T 16.1 0.6
Crackers, graham ...... 5.0 2.2 8.0 3.5
EORY ot s 2.7 24 0.6 72.5
Cranbérries sisaneiimn ST.4 0.2 0.4 0.4
Cream, coffee ..ovvvennn 725 0.6 2.9 4.0
SWHIDDINE i e 59.0 0.5 23 3.2
Cucumber . - i v, 061 0.4 0.7 20
Currants, ved .......... St 0.6 1.2 0.6
Dandelion greens ....... 838 2.0 29 7.0
Dates ................ 20.0 1.8 2.2 73.0
Doughnuts ............ 18.7 1.0 6.6 525
] 8 5 ] e L 54.3 1.0 16.0 (1]
T G P Rk F S 1.6 1.0 18.6 0
RireGlant o s T 02.7 0.5 215 5.5 4.0
g, NN isalya ot 4.0 1.0 12,8 0.7 0.7
white only i iivices §7.8 0.6 10.8 0.8 0.8
FOLKTOMLY Seiines neisos 40.4 1.7 16.53 0.7 0.7
duclesis R 70.8 1.0 13.1 0.8 (.8
BOOSE wvennennennnn 70.4 1.1 13.9 13.3 1.3 1.3
Endive or escarole ..... 93.3 0.9 1.6 0.2 4.0 3.2
FATINE vty vnrsisinmios 10.5 0.4 10.9 0.8 T4 7.0
Jagdried oot 24.0 2.4 4.0 1.2 68.4 62.6
freeh i am e 75.0 0.6 1.4 0.4 19.6 LS,
Fish, various (av.) .... 721 14 18.0 8.0 ] 0
Flour, buckwheat, light..  12.0 0.9 (4 1.2 0.5 70.0
rye, medinm ......... 11.0 1l 114 1.7 T4.8 73.8
wheat, whole ........ 12.0 by 13.3 20 71.0 65.7
PR s e 12.0 0.4 10.5 1.0 6.1 5.8
Frog'alegs ........00un 51.9 1.1 16.4 0.3 0 0
Gelatin, plain, dry...... 13.0 1.3 85.0 0.1 0 0
BT S S i o1, 0.4 16,4 31.5 0 0
Gooseberries .......... 589 0.4 0.8 0.2 9.7 7.8
Grapefruit ............ S88.8 0.4 0.5 0.2 10.1 9.8
Jjuice, canned, unsweet-
ened oon e e SH.2 0.4 0.5 0.1 9.8 9.5 a8
GIFADEN i o e 81.9 0.4 1.4 14 14.9 14.4 T0
Grape juice ...ieo.an: 81.0 0.4 0.4 0 15.2 18.2 (5

* Difference hetween 100 per cent and the sum of the percentages of water, ash, pro-
tein, aund fat.
7 Carbohydrate exciusive of fiber,
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Table A-1 (Continued)

Proximate composition of foods
(Edible portion)

Carbohydrate Food

Mois- Pro- Avail-  energy
Foop ture Ash tein Fat  Total* ablet (Cal. per
To Yo Yo % % Do 100 g.)
Heart, beef - . ..cqeimeos 7.6 1.1 16.9 3.7 0.7 0.7 108
DOPKS (raroras) sisles fietvress 76.8 1.1 16.9 4.8 0.4 0.4 117
Hominy, dry ...ovvivens 12.0 0.4 8.7 0.5 8.1 T 362
FLONCY o oo mmma wsiaras 20.0 0.2 0.3 0 9.5 05 204
Ice cream, plain ....... H23 0.8 4.0 12.5 20.6 20.6 207
R ] R e S e e 345 0.3 0.2 0 65.0 65.0 252
ol sntes iateree wietate s =6 15% St} 0.6 7.2 6.0 40
Kidney, beef .......... 749 1.1 15.0 s8.1 0.9 0.9 141
TOTI e A abe s s ey aiers 7.1 1.2 16.3 4.6 0.8 0.8 114
SOOI 5o vsbhsn e bt e 7.8 1.3 16.6 3.3 1.0 1.0 105
LT I o oy oo G i 001 1.0 2.1 0.1 6.7 0.6 30
Lamb, medium fat ..... nns 0.8 15.7 279 (1] 0 317
leg, medium fat ...... 637 0.9 18.0 17.5 0 0 235
rib, medium fat ...... 51.9 0.8 14.9 324 0 0 356
shoulder, medium fat. n8.3 0.5 15.6 25.3 0 0 205
LOmnNS: iemesios viiees 80.3 0.5 0.9 0.6 8.7 T.8 32
Lentils, dried (entire
BeedS) iiiinaeeienes 11.2 3.3 25.0 1.0 59.5 55.8 337
Lettuce oiciieaaaise HE R 0.9 1.2 02 29 23 15
B0 (5 S s R oA e 86.0 0.8 0.8 0.1 12.3 114 37
Eiver; beef Jiiivcviiine 60T 14 10,7 3.2 ;.0 6.0 136
el S e T0.8 1.3 19.0 4.9 4.0 4.0 141
Porlcalnr s e 2.3 15 19.9 4.8 1.9 1.7 134
Lobster ........oiuu.. .2 20 16.2 1.9 0.5 0.5 88
Loganberries .......... 82.9 0.5 1.0 0.6 15.0 13.6 62
Macaroni, dry . ..ovvnnn S.6 0.7 128 14 6.5 76.1 377
Milk, fresh, whole ..... 87.0 0.7 3.5 3.9 4.9 4.9 68
skimi o e 90.5 0.8 3.5 0.1 5.1 5.1 36
canned, evaporated,
unsweetened ...... 3.7 1.5 7.0 79 &9 9.9 138
condensed, sweetened  27.0 1.7 8.1 84 54.8 54.8 320
dried, whole ......... 3.5 6.0 25.8 20,7 35.0 38.0 402
gkim: o i 3.5 79 35.6 1.0 52.0 52.0 362
soft - dresh onshsrsy ST.4 0.7 3.3 4.0 4.6 4.6 67
human, fresh ........ S7.5 0.2 1.4 3.7 ¥ 7.2 68
Molasses, cane, medium. 254 3.2 2.1 0 69.3 69.3 286
Mulberries ............ 82.8 0.8 1.2 0.6 14.6 12.6 69
Mushrooms ........... 91.1 1.1 2.4 0.3 4.0 3.1 16
Mustard greens ........ 92,2 1.2 23 0.3 +.0 3.2 22
Mutton—see lamb
INGCEATINGS e oveaieieerais 82,9 0.5 0.5 0.1 16.0 15.6 67
O TR s o s vt s siaie 0.8 4.0 12.0 4.6 G9.6 58.6 368
Oatmeal or rolled oats .. 8.3 1141} 14.2 T4 63.2 67.0 390
Okrns wnssinmassns s RO 8 0.8 1.8 0.2 74 6.4 32
Oleomargarine ........ 155 2.5 0.6 81.0 0.4 0.4 720
Olives, pickled, green ... 752 3.8 1.5 135 4.0 2.8 132
ripe, pickled ......... 5.8 2.6 1.5 17.3 2.9 1.3 160
Onions, mature ........ 87.5 0.6 1.4 0.2 10.3 9.5 45
EEOONL cincinns s 87.6 0.6 1.0 0.2 10.6 8.8 45
OYINERE. s s o 87.2 0.5 0.9 0.2 16 [0 10.6 45
Orange juice, fresh or
canned ............. 87.5 0.4 0.8 0.2 11.1 11.0 44
Oysters, fresh, solids ... 80.5 2.0 9.8 2 | 5.6 5.6 84
Pancreas (all kinds) ... 63.3 1.3 15.8 19.2 0 0 236
PADOYAR oo vt 38.7 0.6 0.6 0.1 10.0 9.1 39
Paraleayi S e 83.9 2.4 2T 1.0 9.0 7.2 a0

* Difference between 100 per cent and the sum of the percentages of water, ash, pro-
tein, and fat.
1 Carbohydrate exclusive of fiber.
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Table A-1 (Continued)

Proximate composition of foods
(Edible portion)

Carbohydrate Food

Mois- Pro- Avail- energy
Foop ture Ash tein Fat Total* ublet (Cal. per
To To % % To % 100 g.)
PPATSDIDS caisvionion oivisiaies 8.6 1.2 7S 0.5 18.2 16.0
I’eaches, fresh ......... 86.9 0.5 0.5 0.1 12,0 11.4
71l £ I 24.0 S0 3.0 0.6 (34,4 133.9
canned (sirup packed)  S0.0 0.4 0.4 0.1 15.2 17.8
Peanuts .....o0000u.. 2.6 25 3.9 44,2 23.0 219
Peanut butter ......... 3T a4 26,1 47.8 21.0 10.0
T C TS e oo re v b ety B2.7 0.4 0.7 0.4 15.8 14.4
TPeas, fresh ..ccenrummnn 743 0.0 0.7 0.4 17.7 15.5
Peas, canned .......... 523 1.0 B 04 12.9 11.5
dried, mature ........ 11.6 3.0 23.8 1.4 (0.2 0.8
PECONE & ot .0 1.6 0.4 3.0 13.0 10.8
’eppers. green ........ 024 0.5 1.2 0.2 5.7 4.5 h
Persimmons, native .... [T X [TR1] 0.5 0.4 3.5 32.0 141
Pineapple. . cososasiosse 85.3 0.4 0.4 0.2 13:7 13.3 D2
canned (sirup packed) 750 .4 0.4 0.1 21.1 20,5 8
juice, canned ........ S6.2 0.4 0.3 0.1 13.0 12.9 40
BIME vy e SH.7 0.5 [ 0.2 129 12.4 a0
Pork, fresh, medium fat. 42,0 0.0 119 45.0 0 0 457
fresh, ham, medium fat  53.0 0.5 15.2 31.0 (1] 0 344
loin, medium fat ..... 5s.0 0.9 16.4 25.0 0 0 2006
cured, ham, medium fat  42.0 5.4 16.9 35.0 0.3 0.3 380
ot LT D A e e 9 T70.S 1.0 2.0 0.1 19.1 18.7 53
Potato chip8 c..viveian 5.1 4.0 6.7 37.1 49.1 48,0 o4t
Prunes, dried .......... 24.0 21 23 0.6 71.0 60,4 258
Pumplin’ s o sivie vieaa siis 0.5 0.8 1.2 0.2 TS 3.0 31
Quinces LG S5.3 0.4 0.3 0.1 13.9 12.1 a8
RAbbiE oo T0.5 1.0 209 7.6 0 0 175
Radishea .. . oihihcv-as 93.6 1.0 1.2 0.1 4.2 3.5 20
Raising .......o00vuenn 24.0 2.0 23 0.5 712 T2 208
Raspberries, red ....... sS4 0.5 1.2 0.4 13.8 9.1 o7
Rhiharhy . 04.9 0.7 0.5 0.1 5.8 31 16
Rice, brown ... 12.0 1] 7.0 " G T 7.1 360
e e o s e e 12.3 0.4 7.6 0.3 79.4 792 362
puffed| i s 3.5 2. 5.9 0.6 ST.7 57.2 302
Rutabaghs: oves iy i 89.1 0.8 1.1 0.1 0 7.6 38
Rye grain il s velsises 11.0 1.8 12.1 1.7 Ta.4 T14 321
Salmon, Pacifie, raw ... 634 1.0 174 16.5 0 0 293
canned, red ......... 67.3 3.0 20.2 0.6 (1} 0 173
Sardines, canned in oil .. 7.4 4.7 20T 11.0 1.2 11 214
Sauerkraut, canned .... 3.2 21 11 0.2 3.4 2.5 106G
SCRTIODE oo s e 80.3 14 14.8 0.1 3.4 34 78
Shrimp, canned ........ 5.6 4.5 18.7 0.9 0.3 0.3 S0
Sirup, table blends ..... 25.0 0.6 0 0 74.0 4.0 256
Soybeans, whole ....... 7.5 4.7 349 18.1 4.8 29.8 331
Soybean flour, low fat. .. 11.0 &:b 44.7 151k S7.7 30.4 Hoatin]
Spinach ..... AR e 92.7 1.5 2.3 0.3 3.2 20 20
Squash, summer ....... 95.0 0.4 0.6 0.1 3.9 3.4 16
W Ler e s S8.6 0.5 1.5 0.3 8.8 T4 38
Strawberries .......... S0.9 0.5 s 0.5 8.3 6.9 37
Sugar, granulated ...... 0.5 0 0 0 99.5 9.5 385
Sweet potatoes ........ 63.5 141 1.8 0.7 279 26.9 123
Tangerines ........... 87.3 0.7 0.8 0.3 10,9 9 44
Tapioca ..... AT 12.6 0.2 0.6 0.2 56.4 56.3 360
oMt ORI e e ere e aets a5 041 0.6 1.0 0.3 4.0 3.4 20
canned o it e 4.2 0.7 1.0 0.2 3.9 3.5 19
Tomato juice, canned ...  93.5 1.0 1.0 0.2 4.3 4.1 21

* Difference between 100 per cent and the sum of the percentages of water, ash, pro-
tein, and fat. :
+ Carbohydrate exclusive of fiber.
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Table A-1 (Comtinued)

Proximate composition of foods
(Edible portion)
Curbohydrate Food

Mois- Pro- Avail- encrgy
IFoon ture Ash tein Fat Total* ablet (Cal. per
% % (A Y Yy Yo 100 g.)
Tongue, beef .......... 68,0 0.9 16.4 15.0 0.4 0.4 207
Tuna, canned, solids . ... GOLO 2.7 20.0 8.2 0 0 198
PRrkey. sl ie e b8.3 1.0 20,1 20.2 ] (1] 2658
Tarnips oo iaiinie 0.9 0.7 1.1 0.2 6.0 32
Turnip tops . .c.evneuen SO0 1.5 2.9 0.4 +.2 30
Veal, medium fat ...... (8.0 1.0 19.1 12.0 0 190
Walnuts, English ...... 3.3 1.7 15.0 4.4 135 G54
Watermelons <, ........ 921 0.3 0.5 0,2 6.3 28
Watercress ... ..0.uu.nn 05,6 1L 1% 0.3 2.8 18
Wheat, grain ......0.0n 11.0 1.6 13.0 2.0 T0.06 260
bBran, erade. «: e sieison 101 6.1 16,6 3.7 53.2 and
TOTIN | ot0i s we e e ot e 3s 11.0 4.3 25,2 10.0 47.0 301
puffed: oionnianns e 3.8 a0 10.5 1.6 8.5 395
shredded ........... 0.6 1, 1001 a5 7.8 360
XAIE oo o v T2.0 1.0 2.1 0.2 233 107
Yeast, compressed ...... T0.9 2, 13.3 0.4 129 S6
dried, brewer's ... ... 7.6 z21) 46.1 1.6 36.0 273

* Difference between 100 per cent and the sum of the percentages of water, ash, pro-
tein, and fat.
i Carbohydrate exclusive of fiber.
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Table A-2

Major mineral elements in the edible portion of foods
(Grams per 100 g.)

Cul- Mug- Dotus- Phos- ("hlo-
Foop cium  nesium  siwm Sodium phorus  rine  Sulfur
AT OMISN v e e venn s asita s e o 204 270 ir 004 A6 087 161
Apples, fresh ............ 006G 006G 16 A5 L1 S L4
e D e 019 029 56T 072 A8 A9 019
Apricots, fresh ........... 016 012 470 021 023 04 L0006
IR e e OS6 062 1924 109 119 021 031
cammed in sirup ... .. ... 010 007 256G 01 015 002 001
ASpEI/E - er T ST el 021 015 200 08 G2 AHT 051
Bacon, medium fat ....... 013 e ? ¥ 108 Y 9
BANANAS . St s anoe 008 024 A12 023 028 163 013
Bariey SErRill e sk v A58 26 495 070 343 139 152
Beans, navy, dried ........ A63 65 1.284 L84 A37 007 294
Lima, fresh .....cc0e00s 063 06T KU 089 158 000 68
dried e (L3S 81 1.599 282 281 095 156
string or green ......... 66 52 288 m2 NIEE JHS 024
green, canned . ......... A27 ? 2 ¥ 019 ¥t ¥
baked, canned .......... 049 087 44 (a) 113 (a) 051
Beef, medium fat ......... A11 052 a2 LM i L0566 21
Beelg' ..icvcivssvonnsnnss 027 L27 230 053 AH3 L0400 017
Beet greens . ....-...c0000. A18 07 300 ? AHS v 035
TR TN fe e P i o 011 016 209 160 308 1D 130
Bread, white ............. 074 084 110 517 002 602 083
whole wheat ........... 096 ? v ‘:‘ 263 7 )
P R T RO T O R 072 2 ? ? 47 ? ?
BYOeeolL o s e 130 024 S02 030 076 76 126
Brussels sprouts ......... 034 015 375 X 078 ? 098
Buckwheat, grain ........ 000 ? A50 ¥ 310 7 ?
§ET T o e S R 20 L2 NI H] (a) 016 (a) 009
Cnbbager e s s RIEH 016 217 038 031 A4 074
oelery i e e A3 011 A0 028 A4 023 013
Contaloupe .....conviaess 017 016G 245 48 016 048 016G
Carrots . .oviiniinnnranas 039 020 219 L0050 037 035 019
COTTAt I o sl sraiels 022 ? ? ¥ 024 v ?
Sl O TN BB e st v tetais oiras A6 267 ? ? 428 ? ?
Cruliflower ..ol A2 023 202 .048 72 088 e
ERlery o s e aae 050 025 320 101 (HO 235 021
CEV T A A e o S e o 105 053 318 L0S6 36 039 24
Cheese, cheddar .......... 20 031 116 900 405 972 214
COLIRTE i iiiensvvnninis 006 ¥ ? ? 189 ? ?
SIS N e e 25 2 ¥ 2 o638 ? ?
Cherries  .....vvinnnnnnns 018 012 125 015 020 L0041 018
GHeBtDULE" e vvvmmminaizos 029 L8 A15 087 081 010 L0449
L T T 014 4T 02 054 200 054 SU3
ChoColate L tics o et s .098 082 A0 19 446 009 14
(BN o R e R Ao 096 090 2502 603 A39  1.065 219
D00 oG s st e 125 202 O34 06O L7112 050 A07
Coconut, fresh .....iveees 021 H0 260 JH0 L0008 120 A4
dried, sweetened ........ 43 077 093 053 191 225 076
CollRmal e S 249 07 * ? 058 ? ?
COrD BRIl o Josnnsirs ey 010 142 300 086 256 41 124
sweet, fresh ............ 009 4T 278 AHO 120 014 AT
sweet, canned ......00.. 004 ? ? ? 051 .} ?
Cornflakes ............... 011 2 ? s 058 2 ?
Cottonseed, whole ........ 140 3200 1,110 290 070 ? 240
Cowpeans, dried .....coevs. ATT 265 1.305 36 A5l 019 250
Orahs] L A e s eslere 126 A17 271 o606 2061 AT0 255
Crackers, graham ......... 020 ¥ ¥ 203 ? ? ?
BOdA: iR e e s 020 ? ? 46 ? ? ?
Cranberries . 5. 014 005 056 002 011 04 008
Cream ..... A S A IO 097 006 12 031 077 067 033
Cucumbers .......... e D10 020 170 026 021 028 011
Currants, fresh .. ......... 086 A1 208 .015 033 .010 021
dried ....oovvennennnans 180 65 1.040 075 220 050 105
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Table A-2 (Continued)
Major mineral elements in the edible portion of foods
(Grams per 100 g.)

Cal- Muag-  Potas- Phos-  Chlo-

Foop cium  nesium  siwm  Sodium phorus  rine  Sulfur
Dandelion greens ......... A8T 36 AG1 68 070 009 AT0
Dates ....oovviinninnnnn. 072 65 .HS0 L0400 060 253 A4S
DOele e 015 ? 7 2 ASS 2 i
] s .8 .018 241 032 202 035 133
) g o] E R e 015 015 260 026 037 063 020
HEER v i e s 054 009 49 111 .210 100 233
Bee white: .o ot s 006 011 149 175 .07 131 211
Egeyolk oo imaris, J47 013 10 078 a80 06T 214
Endive < aanasnanniig g 079 .013 581 060 056 071 032
Kigg, fresh s fiiians 054 020 2205 (043 052 037 017

dnediiTn it e 186 068 109 151 111 .126 060
Fish, various (av.) ....... 024 024 315 L6 205 A37 199
Flour, patent ............ L0106 021 137 A53 87 079 155

whole when€ .. inice s 41 12 524 A6G0 i AT A28

rye, medium ........... 027 ? i i 2062 ? ?
g L 018 024 B08 55 J47 040 163
Garlic: nranesesrssnnms 006G 008 130 008 L0h0 004 318
CEOORE 5/sts arviotitavainteteiatizeinds jatn 015 001 A06G 2 J1838 ? 320
Gooseberries ............, 22 L0 150 010 A28 009 015
Grapefroit . ... 00 iaisls 022 007 A4 006G 018 007 005
Grapefruit juice, canned ... 008 ? ? ? 013 ? 2
(ERATIOH e ey s e e 017 004 267 011 021 002 000
SR e s e f s RS 009 035 329 02 203 204 151
Honey ...ooveeenenennn.. 005 004 051 006G 016 015 003
Horseradish ............. 160 028 00 L0904 059 013 234
L e e s e Pyt 225 055 4806 050 062 120 60
RAUNET o e e e 014 019 240 238 233 376 148
Riolilrabi o s et e (040 052 A70 050 050 050 039
Lamb (mutton) .......... 010 033 260 070 212 069 187
Beeks Cinnnaeniensiesiaiats 001 037 350 L0306 049 110 056
Lemons: ol ek .40 006 152 009 022 006 012
Lentils, dried . oiis o 059 082 662 T 423 062 123
Lettuce cLoinnnbeiini s 42 015 L2560 028 J023 085 014
TR o e o G O s L0090 .021 255 021 333 001 258
U TES ) I R o 061 022 258 ? 1St ? ?
MACKTONI" = < ereysyato: 1o (minioy el 022 038 054 010 165 077 119
Milk, cow, fresh .......... 118 019 120 04T 003 114 031

evaporated ......... s 243 058 .258 004 195 2958 067

POWAer s e 049 118 055 A48 728 1.029 229

FONES it e e 129 ? X 026 106 163 ?

human: iassssame i 032 005 055 011 017 058 .011
Molasses, medium ........ 200 ? ? ? L0GY ? ?
MushToomME NG Gas S i ahrs L0009 012 280 013 S15 026 025
Mustard greens .......... 220 016 330 020 038 090 142
Oatmeal (rolled oats) ..... 053 143 365 072 405 027 207
Oats, grain ......oovveenn L0 150 450 000 318 059 A8T
O e T e 052 038 ? ? 062 2 014
Oleomargarine ........... L020 ? 7 ? 016 ? ?
Olives, pickled ........... OS8T 012 809 (a) 017 (a) 032
CONIONE s e ol e s e s 1052 016 200 020 (044 053 065
Oranges .....wireeenaie. 033 011 ca b 014 .023 006 011
Orange juice «.ovevenvnses 019 014 200 006 016 008 005
Orange juice, canned ...... 010 ? ? ? 018 v ?
Oysters: hihnntes AT 094 039 204 AT0 43 ? 180
Pargley: i ssosssmiiaiianss 03 ? ? ? 0S4 2 ?
Parsnips .....coviiiinnn. 057 038 396 L0100 080 038 025
Peaches, fresh ............ 008 015 74 012 022 006 005

dried .....00. —— J044 LST 1,009 070 26 035 .029

canned in sirup ......... 005 006 151 001 014 004 001
PeanUtS o vees n i 074 169 T06 052 a3 L0400 276
PRATR: ot s e e e e 013 005 110 L010 016 004 .010
POS.  BYCEN yaiiiiiiere s sieniars 022 085 259 024 122 049 035
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Table A-2Z (Continued)
Major mineral elements in the edible portion of foods
(Grams per 100 g.)

' ('al- Muag-  Potas- Phos-  ("hlo-

Foop ciwm  wesinm sivm Nodiwm phorus rine  Sulfur
CUNIed e s v e s ehe e 025 A2y 201 (a1 6T (a) O
MALUTE v enenrnnnns 057 121 A48 072 B85 A ATS

Peppers, green ........... 011 025 270 015 025 031 030
Peppers, ved ............. 035 A3 120 006 A2 014 030
PPOrRIDNNONS. o siormeiaes 006G AR5 70 A1 026 A0 0
b L e 16 A1 230 L00S 011 A58 AN
canned in sirap ........ 029 008 05T 001 07 L0 L
'ineapple juice. canned ... 015 2 i ? A0S ? 4
PR  Ce ta e 017 Ao i b L0085 020 002 A0
DOk e e e e 007 27 415 L0811 A L0040 216
Potutoes  cimazansasaesa RUN 27 A0S 030 056 AHS 033
Prunes, dried ............ A0 082 R ) 101 LSS 004 024
Pumpking ..., Q121 021 1908 011 S 025 016
R v e 018 029 A15 T 24 051 AS4
Ialislied oo ot e 087 A4 06 083 051 L0656 088
 PY I o T T 078 T 06 120 <129 068 O3
Raspherries st nr s s . L0460 s 41 007 L0387 010 012
IRhaharh oot v 051 013 392 010 2025 070 008
|00 (Y P A 079 BEY| a3 068 310 66 121
Wiiite Soisvsss e e iy 024 033 AHG 012 136 056 14
LIBT3 | e e 021 v 7 ¥ 116 ? ?
Rutabiras oo v e aas 055 015 210 052 041 .031 069
Rye, grain . ...veuennnnn.. 075 1306 ATT 060 AT6 A3 152
Salmon, canned .......... JA84 050 5320 (a) 292 (a) 235
Sardines, camned ......... A86 035 433 (a) 050 (a) 283
Sauerkraut, canned ....... 036 2 ? (a) .018 (a) ?
Shrimps, canned ......... 15 05 A04 (a) 263 (a) G40
Soybeans, mature . ........ 227 287 1.693 250 586 007 269
Spaghetti—see macaroni
BOIMACH e e 81 JHS A16 003 055 118 027
Squash, winter ........... 019 006G 161 L0111 028 018 029
i (L S s S 015 008 150 002 015 ? ?
Strawberries ............. 028 019 205 ? 027 2 013
SUEAT DEOLH v v s i werels 030 A 440 130 049 180 021
Sweet potatoes ......vee.. 030 035 81 031 049 022 014
DO AL ORE s e e cataiea e 011 016 A2TT 013 027 48 017
ERnnet i et 011 ? ? 2 027 ? ?
Tomato juice, canned ..... 007 ? 2 ? 015 ? 2
Ity eanned’ st 008 ? ? 2 224 4 4
rRurkeys e e e 023 .028 S67 130 .320 123 234
TR e e e e 040 019 193 104 034 054 J04S
Turnip greens ............ 259 079 LS00 260 050 390 L0561
L oE: Y L . .011 030 350 086 193 073 .199
Venison ......ceecueneee. 010 029 336 070 249 041 211
BN RIte S s L85 132 606 013 350 030 120
WHLETOress e v eas a05 010 100 081 JHG 059 071
Watermelon . ......eess. 007 006 071 012 012 J006 005
Wheat; grain ......oonae. 040 163 409 060 383 088 175
hran . I s 004 A420 1.252 007 1.312 042 245
BRI o rrstareitels sisiariial s ais LOS4 K » ? 1,006 7 i
L L0 L e e e e G K v 2 220 ? ?
ghreddedine s o taey AT ? 2 2 360 v ?
N A e 41 M5 200 015 042 037 013
Yeast, dried .............. 054 d45 0 2230 149 1570 i 015
441
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Table A-3

Trace elemenis in foods
(Fresh basis unless otherwise indicated)

Milligrams per 100 g. Micrograms per 100 g.
of edible portion of edible portion
Foop Fe 'u Mu VAT Todine
Almonds ..o 4.4 152 1.2 1.9 ?
Apples ..o .3 N 11 07 6.6
Apricots, fresh .........0.... ) A5 7 O v
L R S R e 4.9 .32 28 ? ?
ATHIChOKER . oo st amniie 2 3 5 38 Y3 v
A DRGNS ayeale shetuletiaisralotalas D, bl 19 it 6.9
P [ e e A1 21 29 K ?
BICONE o iviliana e hata e st tarats L) 41 08 ? 5.0
BARANAS i taleriens waioistase .6 21 141 206 20.0
Barley. grain ......ccviuiin 8.0 1.2 1.6 it 0.1
penrled. oo iaa e, 1.3 20 ? ? ?
Beans, navy, dried .......... 1. NS 1.9 g1 +.8
kidney, dvied .......00uun. (1%1] 02 1.6 b.2 1.8
T draed et e v 7.0 S0 1.1 ? )
Lima, fresh ......o000uuen 2.3 03 A 1.5 ?
BEFNIIE ot o she e (o i 11 13 AT .00 5.9
Beef, chrek «vssvivimaessis 28 1 ? ? ?
Beart: cossseiieiase e kD ? ? ? 30,0
khdney qiiacsiasnnniaen 70 a1 1.0 24 9.0
liver ... S e 6.6 2.0 D) 3.0 14.0
[ s S P e 4.2 .05 02 1.5 8.9
L3 B s e s S 2.6 ol 2 ? ?
] 1 | e RIS 25 A1 .02 ? 9.1
sweetbreads . .....ovvununn 6.0 08 iin 2.0 ?
Beets .....uiiiiiiinanaaas 1.0 12 62 .65 3.3
Beet FIeeNS .o yoosoinoionise B o2 1.2 .02 8.0
BlackDerries . . vcicinims s 1) a5 BT ? ?
Blueher i o an adiemsires 3 A 3.4 ? ?
Brazil MULS i siesls sias siaisalss . 3.4 1 04 ? 2
Bread, ¥Tye i v svnniaarasate 1.6 .28 1.3 2 9.0
white s ettt S KH 25 42 3.3 11.3
whole wheat ............. 29 B3 3.2 % 11.0
Broceoli ... .. ..o, 1.3 20 23 ? 15.0
Brussels sprouls ........... 1.3 A1 50 ? 6.2
1ETV AN o on s o O i 0 J04 4 ? 8.6
Buckwheat, grain .......... 4.0 0 3.3 ? 2
Buttermille oo e .1 _ .05 ? ? 2
BUtTerIMER el o wis e niei 6.8 1.2 ? 2 ?
Gabbage .o » B Tl 21 20 2.3
LR L S e e e 1006 6.3 i 3.0 ?
Cantnloupe ©oliiiniieinsis 4 05 05 .09 2.3
LB o o R R Sl ot mp A 8 s 3T 35 4.4
Cauliflower cil e 11 S A5 — 1.6
L e o e B DG D il 12 A7 21 123
Celery cabbage .. covivvcans 9 NIH 1 2 ? T
Chard .. ovniiniininnnnnann. 2.5 11 8 ? 11.0
Cheese, hard ............... 1.0 09 A1 ? 10.0
C LTI A o s D ey TR D . ? K 7 6.4
CROETION . o ivrviuias siste ate/atusrmeliars 4 A3 03 A5 6
CIHEBENNER; (viviers orioteiess s sreeis 2.2 .39 1.7 .19 2
Chicken ..iccaenvmn s meaies 1.5 4 ? A6 ?
Cligcolate: i i veisies 3.0 211 e 2.6 ?
UHERON s i vaiainge e e v e S DT 7 i P |
(B0} 10 s e s s e A 4.3 0 v 3.0 124.0
COCOR 5 s s e i el 11.6 2.4 3.0 2.6 ?
Coconut, dried ............. 3.6 062 ? T 9
fresh oovevinnnirnnnannns 2.0 .53 1.3 S 1.8
Cod-1iver oil .....coummmassa ? ? 0 51 S60.0
Coffee, beans .......ovumese- n.4 13 ? .0 8.6
water extract ...........0 46 ? ? 7 4.0
BB R i o e SO T 1.6 ? 2.0 2 1.0
442
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Table A-3 (Continued)

Trace elements in foods

(Fresh basis unless otherwise indicated)

Milligrams per 100 g. Micrograms per 100 g.
of edible portion of edible portion
Foon Ie Cn Mn VAT lodine
Gom, graln voivinvineviees 3.0 al T =2 12.0
Ly s e e R P, 25.0 A1 3.6 0.4 H
meal rellow nnnsisivinti 1.1 A4 A 1.8 1
AV S L R S S IS ] s a1 o] 3.3
Cornfinkes tnii ool v ey 1.3 2 ? ? ¥
(O b L ot L T A Y A e 14.0 0.0 1.2 7 2
COWPBIAS 2 vv v nannnrennns 25 AT 1.5 7) i
{0 oo s 2.0 1.3 0.3 2.5 30.2
Crackers, graham .......... 1.9 ? ? ¥ i
N e e 1.1 ? ? ? 2
COranberte’ ciaanviaaisniaaisisns b Al .38 Y 3.3
Gremn roiseassanii e nais =l A5 ? ¥ THT
Conmberis s Sy e Al A3 13 a2 S3
Currants, dried ............ 3.3 5 e | b i
T RS R S e TR Af o ? 2 ¥
Dandelion greens ........... 31 i Iy o 1 [ 2
Dates .....coovinnnnnenians F | 23 2.6 B b ¥
ENTCE NN o cvesme e 1.S A6 03 a4 ?
Y e et e e 4 09 L 28 8
BEEB NED e v vsinarinsiainete 20 17 S 3 12.0
BEwlinte o e b H ? . 6.8
Frgyoll oo oo imisaias s .2 25 =il 3.8 16.0
U 48 b A e S T O O 1B 09 23 12 3.7
Esenrole, coskiessisieanise 1.1 A4 ? rakh) ?
Higs i dried e e 3.0 34 4 S0 ?
eah s e e s Kt 06 ? 2 1.5
Ly o P 4.1 1 [ ? 1.0 ”
Fish, general .............. KH A3 2 S0 GG.5 (salt water)
7.0 (fresh water)
Flour, buckwheat ........... 1.0 = 2. 1.0 Y
whole wheat .......co0eee 3.3 AT 4.3 10 y
rye, meditm ... oaeaeiieien A A3 2.0 i 2.8
DRLENE S teniats et raye S A4 o4 1.2 3.6
GaTHC T il s rae e st lacale ? 26 A6 02 2.5
R QOSR I I  So sioia s oS e alskacels 1.8 i 05 7 ?
GooSeberries .o vvmeiis o D 10 05 5] ?
Grapefruit .......oovinunaan 2 5 .01 ? 1.3
BRTHOTE oy et AR I G A1 .08 AT ?
(ST R B e Or o L o 3 02 7 7 9
FLAZEINER) «sieivioisioreisimsinmmis o 4.3 1.2 3.6 e 1.4
Hickory nUts < ccue e -ivwnass 2.6 14 4 ? 1
DT TIN N e et s e s are a1 1.0 b .11 ? ¥
XY VRS st ac s varas e s AP eriaT sa 9 A5 .03 ? 2.3
Huckleberries—see blueberries
S e L O S P A e 1 2.2 52 86 ? ?
Kidney—see beef, lamb
o D s s et K 14 12 ? vy
Kumquats ......c.evuuun... .00 09 07 ? %
Lamb, general ........cc0.. 2.4 42 ? ? ¥
T 0 o S 1 S, L) 42 04 ? 15.0
JSTHI{ s e O .2 Al ? 3 1) ?
LBTIE0 | o it i R e R I H 0 02 ? ? 9.3
Lepkea e e Sitah s ravatata ta 1.3 AT ? 23 i
LRI O s o Al e v e e i A 3 ? D
TeMonENIee it .o saaanis fa | a3 ? AT 0.2
Lentils (dried) ......cu000. T4 0% 3.3 ! 9
Lettice, head oivroessines 8 A1 1.0 a0 R
L S O OO0 2.0 J4 82 44 2.9
Liver—see beef, ete.
VR IR o e s A K13 1.5 4 24 80.1
443
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Table A-3 (Countinued)

Trace elements in foods

(Fresh basis unless otherwise indicated)

Foop

Loganberries
Macaroni
Mangoes
Milk, cow's
Milk powder
Milk, human
Molasses, cane, light
Mushrooms
Muskmelon—see cantalonpe
Mussels i nnia e ey
Mustard greens
Mutton, leg

Nectarines
Oatmenl
Oats, grain
(600 F e s S S
(Meomargarine
Olives
Onions
Oranges
Orange juice
Oysters
Oyster plant—asee salsify
Parsley
Parsnips
Peaches
dried
Peanuts
Pears
Peas, dried
fresh
Pecans
Peppers, green
red
Pimentos
I'ineapple
Pistachio nuts
Plums
Pork, general
chop
liver
Potatoes
Prones. dried
I'umpkin
Quinces
Radishes
Raising
Raspberries
Rhubarb
Rice, brown
white
puffed
Rutabagas
IRiye, grain
Salsify (oyster plant)
Salmon
B T s e e
Scallops

Petitioner Microsoft Corporation - Ex.

Milligrams pev 100 g,
of edible portion

IFe Cu Mn Zn
2 HL RES 2 AD
1.5 07 2 ?

2 04 ? ?

<1 .02 .03 S0

.G 34 ? 2
155 A5 4 )
4.3 1.4 A 1
1.0 1.0 a2 4

? Hals] A6 4.5
2.9 12 1.2 ?
4.8 4 ? R r]
1.0 16 7 ?

4 1.6 ? 4.1

A 6 ? 32
4.5 48 3.3 ?
T2 1.4 3.9 2.9

o1 14 ol ?

0 4 Y 2
1.6 25 2 b2 3

D 21 38 1.3

4 A8 03 E1T:

2 05 7 ?
5.6 Sk 15 46.0

13.0 .23 152 ¥

i B 04 ?

A4 Kl ? 02
6.9 27 W68 ?
1.9 1.1 S6 1.6

S 16 5 A6
4.7 1.1 1.8 4.0
1.9 28 3 1.1
2.4 1.4 3.5 3

4 ol 3k KilH

i ¥ L) ?
1.5 Lo 7 25

3 .09 1.6 28
) 1:2 67 ?

D A4 11 .03
1,8 1.5 ? 1.4
2.5 31 06 ?

15.0 1.3 B8 a9

Aig ot A1 a1
3.9 A0 6 05

8 07 L4 ny |

.35 13 L4 ?
1.0 129 A BT 16
2.3 g a4 .20

4 16 Kiirg o5

D 09 A6 A6
2.0 .20 1:9 20

=2 o 1.1 22
1.8 <) ? 2

A 12 12 30
3.7 63 3.8 18
1.4 3 A1 28
12 e ? .S
3.5 04 .26 A4
1.8 23 3.9 ?

444
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1.6
3.8
32,0
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Table A-3 (Continued)

Trace elements in foods

(Fresh basis unless otherwise indicated)

Milligrams per 100 g. Micrograms per 100 g.
of edible portion of edible portion
Foop Ie ('n Mn Zn Todine
Sheimp ..o e e 3.1 1.2 23 1.4 3950
SIINEY s o o o 4.1 A6 ¥ ? 7
DOYDBATIE o e 5w sy i S.0 i 2.0 1.8 6.3
SOvhenrl HON <o sinmiimsmas 13.0 3 [ 3.2 2 ?
BEINOH. oo s e S0 A1 a3 62 41.0
Squash, summer ........... 4 L8 4 ? 23
AYES U3 A S s e S b A0 22 21 ?
SEPANDHRLETeR: oo s vt s .8 A7 23 09 ?
Sweet potatoes ... A A5 - 25 2.4
Angetilles ivasrssssvinin 4 00 O i
Taplovta .. veeennnnnnnnnnns 1.0 Kin ? Kit ¥
Tea eXtract v.ueeerenmeones i ¥ K ? 16.0
TTOMALOES v vivvivw oo mmywusae KE .09 13 24 1.5
Tuhn Al o e 1.2 83 ? ? 30.5
TPUVECY | S in i o suitae s aisle 3.8 =LY 03 r 77
AT T e e e D s .16 08 7.5
Turnip greens . .......cvvee.. 24 s 1.0 .25 24
Veal, medium, lean ......... 2.9 20 03 3.0 0.0
L L S P s P R D 04 1.0 ¥ ?
Walnutsablack:sic. isain 0.0 3.2 v 7 ?
BEanglish ...0cvvernvennnes L3 | N8 2.4 23 Y
Watercress ... evevinennnnn 2.0 Al A2 ol 3.6
Watermelon ............... a Kin 02 73 T
Wheat, grain .....oovvenn... 3.1 3 3.7 5.4 7.6
TP E o o SR G P e 10.3 1.3 11.0 12.0 v
o e A i e S.1 2T 13.0 143 ?
pufted’ L e e 3.0 ? ? ? ?
shredded’ ol 3.5 ? 1 ? ?
M BT e S R e A A ? 05 v 4.7
Yeast, dried oo, oveiniiness 13.0 3.0 1 0.0 ?
o
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Table A—1

Vitamin content of common foods
(Amount per 100 g., edible portion)

Panto-
Vitamin A Ascorbic Ribo- thenic  Nicotinic
value aeid Thiamine  flavin acid acid
Foop | R mg, mg, mg. mg. mg.
Almonide o 0 trace 0.25 0.67 040 4.6
Apples, fresh ........ 90 5 004 0.03 0.05 0,2
dried s e vaeniass ] 12 0.10 .10 0 1.0
Apricots, fresh ...... 2,700 T 0,05 005 0 0.8
driedi, oiiris st 7,430 12 0.01 0.16 0 3.3
ennmed ® o 1,350 4 002 0.02 0.09 0.3
A BDAPATUR e 1,000 a3 016 019 0.50 14
BanIMAs %oy 430 10 0.0 0.05 007 0.7
Barley, entire ....... T0 0 0,50 0.20 0.95 .0
dry pearled ....... 0 0 0.12 0.08 0 3.4
Beans, dried ........ 0 = 0.67 0.23 0.60 22
Lima, fresh ....... 250 32 0.21 0.11 0 1.4
dried wiae. v 0 = 048 0.18 1.2 2.0
string or green .... 630 19 0.08 0.11 015 0.5
green, canned ¥ ... . SO0 ] 0.04 0.05 0.06 0.4
baked, canned ..... K0 2 0.05 0.04 0,09 0.5
Beef, medium fat .... 0 0 0.08 0.16 0.G5 4.4
T a1 N ——— 20 10 0.02 0.05 0.2 0.4
Beet greens ......... 6. 700 a4 .08 018 0.5 0.4
Brains s 0 18 0.23 0.26 0 4.4
Bread, white ........ 0 0 0.05 0.11 0.4 0.9
white enriched .... 0 0 0,24 015 0.4 2.2
whole wheat ...... 0 0 0.30 013 0.8 5.0
rye (33%) ....... 0 0 0,158 0,08 0.5 1.5
Broceoli ............ 3,500 118 0.10 0.21 1.2 1.1
Brussels sprouts .... 400 04 0.08 0.16 0.6 0.7
Buckwheat, entire ... 0 0 046 0.15 1.3 2.0
BUtter: o aesieiaate 3,300 0 trace 0,01 0 0.1
Cabbage ............ S0 50 0.06G 0.05 0.23 0.3
celery ............ 260 31 0,03 004 0 0.4
Cantaloupe ......... 3,420 33 0.05 004 0 0.5
CAPIOLE. viciviiidiniieliais 12,000 B 0.06 0.06 0.21 0.5
canmned ¥ ..eaeen 17.570 3 0.02 0,02 013 0.3
Cashew nuts ........ 0 0 0.63 0.19 0 2.1
Cauliflower ......... 90 64 0.11 0.10 0.80 0.6
CIRIBEY oot 0 i 005 0,04 0.3 0.4
Ghard ol e e 2,500 a8 0.06 0.07 (1} 0.4
(‘heese, cheddar ..... 1,400 (1] 0.02 042 0.28 trice
cottage ........... 20 0 0.02 0.51 0.25 0.1
SVETL D ot e D 1,450 0 0.01 0,40 0.35 0.1
Clerrias Sl sl 620 S 0.05 0.06 0 0.4
Chitckent ooty 0 0 0.08 0.16 0.60 8.0
Chocolate, bitter ..... (1] 0 0,05 0,24 (1] 1.1
e e s e 110 0 0.10 0.18 0 1.6
Clocon Saon s 3 0 012 0.38 0 23
Coconut, fresh ...... 0 2 0.10 0.01 (1} 0.2
dried, sweetened ... 0 0 trace trace 0 trace
Collards C oo . (G,870 100 0.11 0.27 0 2.0
(‘orn, entire, yellow S10 0 0.54 0.24 0.80 1.7
sweet, fresh ....... 290 % 12 0,15 012 0 1.7
sweet, canned ..... 230 £ 0.03 0.06 0.20 0.9
Cottonseed, meal .... 44 0 0.4 0.5 1.0 3.0
Cowpeas, dried ...... 30 £ 0.92 0.16 1.8 52
GrEnba b e (1} 0 0.14 0.06 0 2
Cranberries ......... 40 12 0.03 0.02 0 0.1
Cream, heavy ....... 1,410 it 0.02 0.11 0 0.1
Cueumbers: ......o.0. 0 S 0.03 0.04 0.39 0.2
Currants, fresh ...... 120 36 0,04 0 0 0
* Solids and liquid. T Drained solids. 1 Yellow sweet corn,
440
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Foop

Dandelion, greens . ...
DateRETLS e e
Eels
Egeplant ..o vnene....
L O O iy R
Eiee white ...,
B volk vooaamnaas
BN i wace s
Figs, fresh oo aus
deiedin. saminhnnmn
Fish, various (av.) ..
Flour, white, enviched
whole wheat ......
rye (light)
Frog legs, raw ......
Gooseberries ........
GEIDELAIE s e e
Grapefruit juice,
canned
GTaDEs o vaiians
Haddock
| S T e B D Glers
Honey
) A S s =y
Kiduey ..o iiuinan..
Kobhlrabi
Lamb (mutton) .....
Lemons
Lentils (dried) ......
Lettuce (head) ......
Liver
Luobster
Macaroni, enviched
Milk, cow, fresh .....
evaporated ........
powder .. oo
Foat
Luman
Mushrooms .........
Mustard greens ......
Oatmeal (rolled oats)
Oats, entive ....,....
Okra
Olives
WIS oomromomeaae
CIranged L e e
Orange juice ........
Orange juice, canned .
Oysters
PParsley
Parsnips
Peaches, fresh .......
dried ... viiia..
canned *
PORNTILE o els e syajerataiucs
Pears ...... falave e e
Pens, green. «...eoens
canned §

* Solids and liquid.

Tuable A-1 (Continned)

Vitamin cantent of common foods

(Amount per 100 g, edible portion)

Vitamin A
ralue
14 B
156510
(30
1,400
30
1.140
(]
3210
3,000
hall]
il
B
(1]
0
0
0
200
trace

trace
80

0

a0

(1]
T.040
1,150
trace

0
aTh
540
43,900
0
V]
160
400
1,400
160
S0
]
6.46G0
0
S5
740
200
a0
1950
190
100
320
8,230
0
880
3,250
450
0

20
(80
G670

T Drained solids.

Aseorbie

acid
.
B{H
]

0

b
(1]
(1]
(]
11
2
0
)
0
(1]
(4]

e 39
=%o

]

=
g
SIS SOt

[ §

|

‘-"'-‘
~ oo

Thicmine
my,
0.19
004
.25
0.04
0.10
]
(.27
0.07
(L6
0,16
0.0
044
045
015
0.14
()
0.04

0.053
L0
005
0.58
trace
0.10
037
0.06
0.14
.04
0.56G
0.0
0.26
0.13
0,58
0,04
0.05
0230
i
0.01
010
0.00
0.60
0.2
0.08
trace
0,053
(.05
0,08
0.07
0.15
011
.05
0.02
0.01
0.01
0.30
0.02
0.34
0niz

Rilo-
flarin
me.
0,14
(10
037
005
.29
0.26
035
12
005
0,12
.15
0.26G
007
0.07
.25
0
0.02

0.02
004
008
0.4
004
(.20
250
0.05
.20
trace
0.24
008
3.33
0,006
037
017
0,536
146
011
0.04
044
0.20
014
017
0,07
1]
0.0+
0,05
0.03
0.02
0.20
0.28
0.12
0.05
0.20
0.02
0.13
0.04
0.16
0.0

Panto-
thenic  Nicotinie

acid arid
{1 mg.
(] L
0 o
0 1.4
) 0.6
2.7 0.1
0.13 0.1
G0 trace
0.23 0.4
(1] 0.5
0 1.%
0 5.2
1.0 a0
1.0 535}
] .G
0 1.2
0 (]
0 02
012 0.2
0 0.2
0 24
0 15
0 B2
.40 2.0
0 4
0.16G 0.2
1.0 4.5
(1] (L1
(1] e
.13 0.2
5.5 13.7
[}] 1.9
(1] ti.0)
(L3530 0.1
(1] 0.2
25 0.7
(1] 0.5
0.2 0.2
(1] 49
0 0.5
13 1.0
1.3 1.4
0 1.1
(1] ]
0.15 .2
0.07 0.2
0 0.2
0.13 0.2
0 1.2
0.6 1.4
0 0.2
0 0.9
0 o4
0.05 0.7
3.4 1G.2
0 01
.55 8%
.20 1.0
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Table A-4 (Continued)

Vitamin content of common foods
(Amount per 100 g., edible portion)

Panto-
Vitamin A Ascorbic Riho- thenic  Nicotinic
value acid Thiamine  flavin acid acid
Foop L. me. mg. mg. mg. mg,
matire oo ieas 370 2 077 0.28 1.8 3.1
Peppers, green ...... 630 120 0,04 0.07 0.12 04
T R B e P 0 350 0 0 0 0
Persimmons ........ 2710 11 0.05 0.05 0 trace
Pineapple, fresh ..... 130 24 0.08 0.02 0 0.2
canned® Jiiciaenn K0 ) 0.07 0.02 0.10 0.2
Plims s e e 350 b 0.06 0.04 0 0.5
Pork, fresh ..veuvee. 0 0 .58 0.14 0.70 3.1
Potatoes, white ...... 20 17 011 0.04 0.4 1.2
P'runes, dried ....... 1,890 3 0.10 0.16 0 |
Pumpking .......... 3,400 s 0.05 0.08 0 0.6
Radishes ..odaavea 20 24 0,03 0.02 0 0.3
P RASTRETL S s phret il trace 0.15 0.08 (1] 0.5
IRaspberries, red ..... 10 24 0,02 0.07 0 03
Rligbarh v 30 %) 0.01 0 0 0.1
Rice, entire +.....4.. 0 0 0,32 0.05 0 4.0
polished .......... (1] 0 0.07 0.03 0.5 1.6
Rutabagas .......... 30 36 0.07 0.08 0 0.5
Rye, entire .......... 0 0 0.36 0.18 0 Xl
Salmon, red, eanned * 230 0 0.04 016 0.75 1.3
Sardines, ecanned ... (1] 0 0.01 017 0.G0 4.5
Sauerkraut, eanned . 410 16 (.03 0,06 0 0.1
Shrimp, canned § ..., GO 0 0.01 0.03 0.29 22
Soybeans, mature . ... 110 trace 1.07 0.31 1.6 2.3
Spaghetti—
see macaroni
Spinaehiccs s g oen 0,420 59 0.11 0.20 0.20 0.6
Squash, winter ...... 4,950 S 0.05 012 0 0.5
SUMIMEr .+ .uvuwasn. 260 17 0.05 0,00 0 0.8
Strawberries ........ 60 GO 0.03 0.07 0 0.3
Sweet potatoes ...... 7,700 29 0.00 0.05 1.0 0.6
Tomatoes, Taw ...... 1,100 23 0.0G 004 0.08 0.5
canned: osianiass 1,050 16 0.06 0003 0.23 0.7
Tomato juice, canned . 1,050 16 0.05 0.03 0.25 0.8
Tuna, eanned § ..... S0 0 0.05 012 0.34 12.8
Markey s e it trace 0 0,00 0.14 0 5.0
Turnips o.vvevvnen.. trace 28 0.05 0.07 0.25 0.5
Turnip greens ....... 0.540 136 0.09 046G 0 0.8
Arap [T Sl e 0 0 0.14 0.25 i 6.4
Walnuts, English .... 30 3 045 0.13 .88 3 (2]
Watercress ......... 4,720 i 0.08 0.16 0.15 0.8
Watermelon ........ 500 G 0.05 0.05 (1] 0.2
Wheat, entire ....... 0 0 0.57 012 1.3 4.9
Whent-bran - e onn 0 0 0.68 0,25 3.0 33
Wheat germ ........ 0 0 2.05 0.80 1.0 4.6
Yeast, brewer’s, dried. 0 0 0.69 D.45 20 36.2
* Solids and liguid. i Drained solids.
448
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A

Absorption, intestinal, 319
Absorption of fatty acids, 320
Aecessory food factors, 200
Avetie aeid:

bacterinl formation of, 3063, 377

in fat metabolism, 337

in porphyrin synthesis, 351

in steroid synthesis, 340

in vinegar, 163

moetabolic reactions of, 359

yveast formation of, 3G3, @
Aeetoacetic aeid:

formation in ketosis, 339

from amino acids, 354

from fat eatabolism, 338, 339
Aecetobacter suborydans :

growth factors for, 359

oxidation of glucose by, 364

oxidation of sorbitol by, 37

products of, 363
Acetobacter aylinum, 378
Acetoin, formation of, 383
Acetolactie acid, 353
Acetone :

formation of, 377, 384

from fat catabolism, 339
Acetylation of amines, 340
Acetylcholine, 340
Acetylmethyl earbinol, 85
Achlorhydria, 314
Acid-base balance of foads, 181
Acidity, active, 167
Acidity, active vs. total, 162, 163
Acidity, total:

determination in biological

166

measurement of, 163
Acidosis, during ketosis, 339
Aconitase, 266
eis-Aconitie acid, 331
Acrolein test, S8
Acromegaly, 305
ACTH, 291, 305

peptide nature, 202

properties of, 307
Actidione, 366
Addison's disease, symptoms of, 291
Adenase, 265
Adenine :

formula of, 154

metabolism of, 155

nuecleie acids and, 154-159
Adenosine, 156G
Adenosine diphosphate (ADI'), 158

amount in muscles, 418

enzymes and, 267

relation to energetics, 416418

materials,

Adenosine diphosphate (Cont.) :
role in earbohydrate metabolism, 524
326
Adenosine monophosphate, 158
Adenosine triphosphate (AT1Y) :
amount in nmmscles, 418
energy from, 415417
enzymes amd, 267
formation during hydrogen
420422
formation in plants, 405
formula of, 158
relation to carbohydrate metabolism,
323-329)
Adenylie acid:
linkages in, 156
muszcle, 158
with nucleie acids, 1506, 157
ADP (see Adenosine diphosphate)
Adrenal cortex, hormones of, 200
Adrenal cortical hormones :
deficiency of, symptoms, 291
excess of, symptoms, 291
Adrenal medulla, 287
Adrenal steroids, 200
Adrenaline (see Epinephrine)
Adrenocorticotropic hormone, 201, 305
Adsorption chromatography, 300
Aeration, effect on yeast growth,

-
oy

transport,

261,

Aerobacter aerogenes, 364, 377
Agar, 67
Alanine, formula of. 116
B-Alanine, 359
Alanyl-glyeine, 129, 131
Albumins :
amino acid content, 124
crystalline, 105
in common foods, 108
properties of, 110
Aleaptonuria, 350
Aleohol dehydrogenase, 204, 205
Aleoholism, with polyneuritis, 228
Aldehyde groups, Schiff test for, 25, 27
Aldobiuronic acids, 21
Aldohexoses, sterecisomers of, 24
Aldolase, 266G
Aldolase, amino acid composition, 125,
260
Aldonie acids, formation of, 36
Aldopentoses, stereoisomers of, 23
Aldoses, 19, 22
Aldotetrose, 20
Aldotriose, 20
Alginie acid, 65
Alkali disease, 195
Allose, 24
Alloxan, 302
Altrose, 24
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Aluminum, in living organisms, 176
Aluminum stearate, 85
Amidases, 264
Amide nitrogen, in plants, 402
Amination, 342
Amino acid deearboxylation, 321
Amino acid metabolism, abnormalities of,
350
Amino acid oxidases, 268
Amino acids:
absorption, 320
antiketogenic, 354
classification, 116
color tests, 142
content of in proteins, 124
content of foods, 127
p and L forms, 121
determination, 122
distinguishing groups in, 121
essential, 341-342
formulas, 116G
glycogen-forming, 354
ketogenic, 354
microorganisms and, 358
nutritionally essential, 341, 342
semiessential, 341, 342
sequence in proteins, 131
synthesis by plants, 401, 402
utilization by plants, 401
utilization of related compounds, 341,

a-Aminoadipic acid, as lysine precursor,
p-Aminobenzoie acid, 254, 256, 359, 367
Aminobutyrie acid, formula, 116
Amino peptidases, 2064
specificity of, 316
Ammonia :
as nitrogen source for plants, 400, 401
conversion to urea in vive, 352
detoxification by plants, 402
Ammonification, 14, 400
Amygdalin, 28
Amylases :
aection on starch, dextrin, and glycoger,

alpha and beta, 58
classification, 263
Amylopeetin, 53
Amylopsin, 5S, 203
Amylose, 53
moleculiar weight, 50
structure of, 50
Anabolism, 324
Androgens, 296
Androsterone, 295-207
Anemia, 248, 251
Anemia, nutritional, 187
Angiotonase, S04
Angiotonin, 304
Anhydrides, 21
Aniline acetate test for pentoses, 26
Animal protein factor, 251
Anions, of blood plasma, 182
Anorexia, relation of thiamine to, 227
Anterior pituitary, hormones of, 305, 307
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Antibiotics (see Aureomycin, Penieillin,
ete,)
as stimulants of animal growth, 251,
322

production methods, 370
Anticoagulant, heparin as, 67
Antidiuretie, effect of posterior pituitary,

303
Antieggwhite injury factor (see Biotin)
Antigray-hair factor, 255, 256
Antihistamines, 289
Antimetabolites, 257
Antioxidants, 90
Antipernicious anemia factor, 249
Antithyroid drugs, 300
Antivitamins, 256
Apvenzyme, 262
Appetite, stimulation by thiamine, 227
Arabinose, 26
Arabitol, 21
Arachidie aeid, 77
Arachidonic acid, 80
Arginase, 266

relation to urea formation, 352, 353
Arginine:

bacterial deecarboxylation, 321

biosynthesis, 346, 352

formula, 120
Arginine phosphate, in invertebrate mus-

cle, 418
Arsenie:

as antidote for selenium, 196

in living eells, 176
Arterenol (see Norepinephrine)

A rtln-ir’tis. effect of cortisone and ACTH,
202
Ascorbie acid:

formula, 224

in foods, table, 447448

microorganisms and, 359

physiological function, 222
Ascorbie aeid oxidase, 224
Ash

composition of, 177

content of foods, table, 434

in normal and rachitic bone, 210
Ashing of biological materials, 177
Asparaginase, 265
Asparagine :

formula, 119

in plants, 402
Aspartase, 265
Aspartic acid:

formula, 119

relation to urea formation, 353
Aspergillus niger, 360, 361, 363
Aspergillus sp.. 363
spergillus terrens, 376
Asthma, use of epinephrine in, 259
Asymmetrie earbon atoms, 22
ATI* (see Adenosgine triphosphate)
ATI™ase, role in musele contraction, 4106
Aureomyein :

formula of, 367

mode of action, 369

range of activity, 368
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Autotrophic bacteria, 401
Avidin, 244

Azotobaecler, nitrogen fixation by, 403,
404
Azotobacter vinelandii, 358, 360, 361

B

Babeock test, 91
Bacillus anthracis, 131
Bacillus brevis, 370
Baceillus cereus, 375
Bacillus licheniformis, 360
Bucillus polymyra, 370
Bacillus subtilis, 379
Bacitracin, 124, 370
Bacterin, 357-356 (see specific bacteria
like Bacillus anthracis, ete.)
biotin synthesis hy, 244
intestinal flora, 321
synthesis of vitamins by, 220, 253
Bacteriochlorophyll, 390
Barfoed's solution, 30
Barfoed's test, 42
Basal metabolism :
definition, 424
factors influencing, 426
measurement of, 425
of various species, 426
Beeswax, 92, 93
Beet sugar, 42
Benadryl :
as antibistamine drug, 289, 290
formula, 290
Benedict's solution, 30, 31
Benzoguinone, Iill reaction with, 394
Beri-beri, 226
Bertrand's rule, 3064
Beta oxidation, 336, 337
Betaine, 345
Bile, 317
Bile acids, 96
Bile pigments, 318
Bile salts, 96, 318
Bilirubin, 318
Biliverdin, 318
Biochemistry :
objectives and methods, 2
relation to biology, G
scope of, 1
Bioeytin, 246
Biophotometer, 204
Biotin, 244-246
formula, 246
in fat synthesis, 340
metabolie funetion, 280
Black-tongue, 236, 239
“Blind staggers,” caused by selenium poi-
soning, 195
Blood clotting
and ealeium, 183
and dicoumarol, 221
and heparin, 67
and vitamin K, 219, 221
and Warfarin, 222
Blood plasma :
caleium content of, 214

Blood plasma (Cout.) :
cations and anions in, 182
inorganic phosphate of, 214
pH of, 174

Blood pressure:
regulation of, S04
with adrenaline, 285, 259

Blood sugar:
effect of epinephrine on, 259
factors affecting level of
lhormonal control of, 327
levels in diabetes, 501
sources of, 525

Body fat, effect of diet on nature of, 336

Bomb ealorimeter, 42

Bones:
ash content of normal and rachitie, 210
composition of, 153
mineral content of, 178

Borneol giucuronide, 39

Boron deficiency :
effect on apples, 195
effect on corn, 194
effect on tobacco plant, 400

Boron, essential for plants, 193, 194

Botulinum toxin A, 124

British thermal unit (BTU), 413

Bromelin, 265

Bromine, in living cells, 176

Buffer caleulations, 171, 172

Buffers:
capacity of, 173
definition, 170
in blood, 173
pH of, 170

Butter flavor, 85

Butterfat composition, 82

Butyl aleohol, 363, 377, 384

Butylene glycol, 363, 383

Butyrie acid:
bhacterial formation of, 363, 377, 354
in butter, 77

Ll
Cadaverine, 321
Caffeine, 155
Caleiferol, 96, 213
Caleification of bone, 214
Caleium :
absorption, 320
content of foods, table, 439
food sources, 185
functions in body, 183
in animal body, 183
in blood plasma, 183, 214
in bones and teeth, 183
requirement, 184
Caleium eyanamide as nitrogen fertilizer,
400
Caleium  deficiency,
plants, 409
Caleium oxalate, 161
Calorvie allowances, for men, women, and
children, 428
Calorie, definition, 413
Calorie requirement, relation to age, 420

effect on  tobacco
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Calorific value of foods, 422, 423

Calorimeter, 423

Canaline, formula, 119

Canavanine, formula, 119

Cane sirup, 34

Cane sugar, 42

Capillary fragility, relation to vitamin
L

Capillary resistance test, 223
Capric acid, 77
Caproic acid, 77
Caprylie aeid, 77
Carbohydrases, 263
Carbohydrate content of foods, table, 434
Carbohydrate metabolism :
linkage to protein metabolism, 342, 343
snmmary, 334
Carbohydrates :
action of acids on, 26, 39, 42, 51, 57, Gt
classification of, 20
definition of, 19
economic importance, 19, 20
formation in plants, 399
interconversion in body, 324
occurrence of, 19
physiological fuel value of, 423, 424
Carbon cycle in nature, 387
Carbon dioxide :
amount in atmosphere, 392
balance in nature, 387
sonrces of in earbon eyele, 387, 388
transport by blood, 187
Carbon dioxide fixation :
as a dark reaction, 394
function of biotin in, 245
in eitric acid formation, 372
in oxalacetic acid formation, 332
in photosynthesis, 392, 393
in propionic acid formation, 383
(Jm-holi. requirements of microorganisms,
358
Carbonie anhydrase, 179, 187, 269, 392
‘arboxylases, 266
Carboxypeptidases, 264, 316
Carboxylation :
function of biotin in, 245
in photosynthesis, 302
use of light energy for, 304
Caries, relation to fluorine intake, 193
Carlic acid, 325
Carlosic acid, 375
Carnauba wax, 92, 93
Carnitine, 255
Carolie aeid, dehydro, 255
Carolinie acid, 375
Carotene :
conversion to vitamin A, 207
crystals, 2006
determination of, 208
formula of, 205
in butter, S4
synthesis by baecteria, 359
Carotenoids, 205
Carr-Price reaction, 208
Casein, 108, 124
Catabolism, 324
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Catalase, 268, 282, 405
Cations of blood plasma, 182
Cell wall, cellulose and lignin in, GG
Cellobiose, 41, 46
Cellobiuronic aecid, 21
(‘ellophane, G2
Cells, components of, ¢
Cellulases, 263
Celluloid, 62
Cellulose, 60
from wood, 61
industrial products from, 2
production by bacteria, 375
Cellulose nitrate, 42
Cephalins, 99, 100
Cereals, caleinm in, 178
Cerebrosides, 101
Cerotie acid in waxes, 093
Ceryl alcohol, 93
Cetyl aleohol, 93
Chenodesoxycholie acid, 317
Chinese insect wax, 92, 93
Chitin, 64
Chitosimine (see p-Glucosamine)
Chloramphenicol (see Chloromyeetin)
Chlorella, photosynthesis by, 395
Chlorine, biochemical importance, 192
Chlorine compounds in biological mate-
rials, 192
Chlorine content of foods, table, 439
(Chlorocruorin, 1359
Chloromycetin :
formula of, 368
mode of action of, 369
range of activity, 3G9
Chlorophyll a, formula, 389
ChlorophyIl &, 390
Chlorophylls, 3558-391
amount in leaves, 390
esterase, 204
Chloroplasts, 388
Chlorotic plants, manganese in relation
to, 1589
Cholamine, 99
('holeeystokinin, 308, 318
Cholesterol :
in heart disease, 95
oceurrence, 94, 05
syuthesis in body, 95
Cholesterol esterase, 264
Cholie acid, 96, 317
for cortisone synthesis, 292
formation from cholesterol, 340
Choline, 253
as source of methyl groups, 343-345
biosynthesis of, 345
prevention of fatty livers by. 336
(holine chloride, 162
Chondroitin sulfate, 67
Chondrosamine, 37
Chromativm and nitrogen fixation, 403
Chromatography, 390
(Chromoproteing, 137
Chromosomes, 150, 152
Chylomicrons, 336
Chyme, 312

——— i —
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Chymotrypsin :
aminoe acid composition, 124
classification, 265
in pancereatie secretion, 315
Chymotrypsinogen, conversion to c¢hymo-
trypsin, A16
Cix- and trons- isomers, 79
Citrie acid, 161
mechanizm of formation, 372
production of, 263
Citrie acid cyele. 330, 332, 380
energy from, 419, 421
Citrovarum factor, 248
Citrulline, formula. 120
Clostridium acetobutylicium :
butyric aeid formation hy, 377
fermentation produocts of, 363
growth eficieney of, 123, 3660, 361
srowth factors for, 359
Clostridium acidiurici, 359
lostridinm butylicwm, 367
Clostridium, nitrogen fixation hy,
104
Clostridium  saccharobutyricum, 363
(lostridivm tetani, 359
Clupanadonic acid, S0
Cobalamin, 251
Cobalt :
in hemoglobin formation, 188
in vitamin B, 189
Cobalt deficient areas, 188
Coearboxylase, 227, 273
Cocoanut o, compozition, 82
Codecarboxylase, 243
Coenzyme 1 (see Diphosphopyridine nu-
cleatide )
Coenzyme 11 (sce Triphosphopyridine nu-
cleotide )
Coenzyme A, 240
growth factors and, 359
structure of, 274
Coenzyme U (see Biotin)
Coenzymes :
as aetivators, table, 266G-2068
as prosthetie groups, 2062
examples of, 273-280
hydrogen carrying, 332, 333
reduction of by light energy, 394, 395
Coleaptiles, bending of by plant hormones,
406G
Comb growth, effect of androgens on, 206
Composition of food:
variations in, 433
tables, 433148
Configuration of sterenisomers, 23
Conjugases, 265
Conjugated double bonds, 300, 391
Constipation, in thiamine deficiency, 228
Copper :
compounds in living cells, 179, 186
destruection of vitmmin C by, 226
enzymes containing, 186
human requirement for, 188
in foods, table, 442
role in hemoglobin formation, 187
Coprogen, 360

403,

Petitioner Microsoft Corporation - Ex. 1032, p. 457

453

Coprophagy, 522
Cori ester (see p-Glucose-1-phosphate )
Corn sirup, 29
composition of, 57
Corpus lutenm, 203
Corticosterone, formula, 200
Cortisone :
formula, 290
physiological effects of, 201
synthesis of, 202
Coumarin, 221
Cream of tartar, 161
Creatine, biosynthesiz of, 348, 349
Creatine phosphate (Crl?) ¢
amount in muscles, 418
relation to muscle contraction, 415, 416G
structure of, 344
Creatine transphosphorylase, 267
Cretinism, 200
Crotonice acid, 76
'ryptoxanthine, 207
(‘ushing’s syndrome, 201
Cyanide group, in vitamin 3. 250, 251
Cyanocobalamin, 251
Cystathionine, 344, 345
formula, 118
in cystine synthesis, 122
Uysteine, formula, 117
Cystine, 115
biosynthesis of, 345
formula, 117
Cytidine, 156
Cytidylie acid, 156
(‘yvtochrome e, as electron
282, 283
formula, 279
iron content of, 139, 279
protein nature of. 139
role in hydrogen transport, 333, 354
role in oxidation, 282-283
Cytochrome oxidase, 268, 334
Cytochrome system, 532, 333, 404
Cytochromes, 139
(‘ytosine, 154-158

D

2. 4-D, formula of, 407

Dark adaptation, with vitamin A, 204
Diark renctions of photosynthesis, 393
Deamination of amine acids, 351
Decarboxylases, 266

Drecarboxylation, baeterial, 321
Dehydroascorhic acid, formula, 224
Dehydrocarolic acid, 375
T-Dehydrocholesterol, 95
11-Dehydrocorticosterone, formula, 200
Dehydrogenases, 262, 282
Denaturation of proteins, 144
Denatured proteins, properties of, 145
Denitrification, 402

Dental caries, 193

Derived proteins, 112

Dermatitis, of pellagra, 235, 230
Desmolases, 266G

Desoxycholie acid, 317
11-Desoxycorticosterane, formula, 290

carrier, 279,



454

Desoxy-p-glucose, 38
Desoxyhexoses, 37
Desoxyuncleie acid (DNA), 152-154
Desoxyribose, 27
and nucleie acids, 154, 156-158
Desoxysugars, 20
Desulforibivio, nitrogen fixation and, 403
Detergents, synthetie, 15, 8T
Detoxication, 340
Deuterium, as metabolic tracer, 335, 340,
343
Dextrans, G0, 378
Dextrin, limit, 58
Dextrins, 57
Dextrose, 28
Diabetes, 327
ketone bodies and, 339
urinary gluncose in, 327
with alloxan, 302
with phlorizin, 302
Diabetes insipidus, 303
Diabetes mellitus, 301
Diabetic animals, utilization of earbohy-
drate by, 302
Diabetogeniec hormone, 305, 325, 327
Diacetyl, 85
Diaminobutyric acid, 119, 122, 370
Diastase, 58S
Dibasic acids :
from fat eatabolism, 337
in waxes, 94
2-6-Dichlorophenolindophenol, use in de-
termining vitamin C, 225
2, 4-Dichlorophenoxyacetic acid, 407
Dicumaroel, 221
Diethylstilbestrol (see Stilbestrol)
Dieting, daungers of, 429
Digestion, 311-322
Digestion, gastrie, 312
intestinal, 315
salivary, 311
Dihydrosphingosine, in cerebrosides, 101
Dihydroxyacetone phosphate, 329
Dihydroxyphenylalanine, 288
Diiodotyrosine, 118, 297, 295
5, G-Dimethylbenzimidazole, from vitamin
B 250
Dimethylbenzimidazole viboside, 159
Dimethylpropiothetin, 345
Dipeptidases, 265
Diphosphopyridine
forms of, 275
function in eytochrome system, 332, 333
relation to nucleotides, 158
role in tissue oxidation, 282
structure of, 275
Diphosphothiamine (see Thiamine pyro-
phosphate)
Disacceharide linkage, 41
Disaccharides, composition of, 40
hydrolysisz of, 42
reducing power of, 41, 42
Disenses, nutritional, 200
Dissociation constants, definition, 170
Djencolic acid, formula, 118
Doisynolic acid, 207, 208

nuecleotide (DIPN) :
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“Dopa,” formula, 349

Double bonds. conjugated, 390, 391
DI’N (see Diphosphopyridine nucleotide)
Drying oils, 89

Duleitol, 21

Dwarfism, 305

E

Eating habits, relation to body weight,
429

Eberthella typhi.,, fermentation products
of, 128, 363, 377
Sdesting 108
Eggwhite injury diseaze, 244
Einstein, energy unit, 395
Elaidie acid, T9
Electrolyte metabolism, effect of cortical
hormones on, 201
Electrolytes, in blood plasma, 152
Electrophoresis of proteins, 107
Eleostearie acid, S0
Embden-Meyerhof scheme, 326G, 320
Emulsifying agent, lecithin as, 93
Emulsin, 263
Fudergonic reactions, definition, 414
Endocrine glands, 256
Endoenzymes, 260
Energetics, biologieal definition, 413
Energy, forms of in living things, 413
content of foods, table, 43
for muscular work, immediate source of,
4146
phosphate bond, $16-422
sources of, for bacteria, 358
Energy metabolism, efficiency of, 422
Fuergy production in tissues, 334
Energy requirements, for various muscu-
lar activities, 427
of animals, 424427
of human beings, 426—128
Energy units, interrelationships between,
Engines, efficiency of, 422
Enolase, 266
Enviched bread, 232
Eunriched flour, 232
Futerogastrone, 300, 314
Enterokinase, 316
Entropy (As), 414
Entropy changes, 424
Enzymes, 260-255
activation, 273
amino acids in, 124-126, 260
chemical natnre, 260
classification, table, 262, 263-26G9
crystalline, 260
definition of, 260
effect of ions on, 273
effect on energy of activation, 270
endo and exo, 260
factors affecting activity, 271
inhibition of, 272
mechanism of aetion, 270
nature of action, 270
oceurrence, 260
prosthetic groups of, 261, 278
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Enzymes (Cont.) :
role in tissue oxidation, 281
specificity, 272
substrate complex, 270
table, 263-26G9
Epinasty, 406
Epinephrine, 287-289
biosynthesis of, 253
physiological effects, 288, 259
relation to nerve transmission, 280
Epithelial tissnes, vitamin A and, 203
Fquilibrium constant, relation to AF, 415
Fquivalent, chemical, 164
Fyuivalent weights, 164
Erdin, 369, 376G
Ereosterol, 96, 359
formula, 213
Trucie acid, SO
Frythritol, 21
Erythroeruorin, 139
p-Erythrose, 20
Eschervichia coli, 358, 359
fermentation products of, 363, 377
Essential amino acids, 341, 342
Essential fatty acids, 335
in pyridoxine deficiency, 241
Esszential lipides, 97
Esterases, 204
Estervification, 72
Esters, 71
hydrolysis of, 72
industrial nse as solvents, 72
properties of, T2
saponification of, 73
Ostradiol @
formula, 296
physiological functions of. 202-205
Estriol, formula, 296
Estrogens, 203, 296
Wstrogenie hormones, 203, 206
Estrone, formula, 296
Estrns, 205
Ethanolamine, 99, 344
Iither extract, composition of, 91
Sthyl aleohol, formation of, 363, 367, 379
Exercise, relation to body weight, 429
Exergonic reactions, definition, 414
Dxoenzymes, 260
Eyes, effect of vitamin A deficiency, 203
r
Factor I}, 247
Factor 8, 247
Factor U, 247
Faraday, definition of, 420
I'at content of foods, table, 473
Fat oxidation by animals:
relation of eitrie acid eyele to, 358, 339
theories of, 336-33%
Fat-soluble substances, S6
Fat-soluble vitaming, storage of, 216
Fat synthesis, 339, 340
Fat transport, 330
Fats:
absorption of, 318, 320
cheinical properties of, S6

Fats ( Cont.) :
definition of true, 74
desaturation of, by animals, 335
determination of, 91
dynamie state of, 535
elementary composition, 75
fatty acid composition of, 82
industrial importance of, 74
iodine number of, 89
modification of hy animals, 335
occurrence of, 74
physieal properties of, S4
physiological fuel value of, 423, 424
rancidity of, 90
removal by exereise, 420
saturation of, 89
storage in body, 335
Fatty acids:
distribution, 80, 82
essential in nutrition, 79
oveurrence in varions fats, 82
omega oxidation of, 337
IPatty acids, saturated, 76, 77
formulas, S0
occurrence in fats, T7
odors of lower, 77
rancidity due to lower, TS
table of, 77
volatility of lower, TS
ITatty acids, unsaturated :
formulas, 80
geometric isomers of, 79
melting points of, TS
oceurrence, S0
table of., S0
Fatty aldehydes, in plasmalogens, 101
Fatty livers, 253, 336
choline and, 253
methionine and, 253
prevention by raw panereas, 303
Peces, composition, 320
Fehling's solution, 30, 31
Fehling's test, 30, 31
structure respousible for, 35
Fermentation. alcoholie, 379, 351
butyrie, butyl, acetone, 377
colon-nerogenes-typhoid, 377
definition of, 362
heterolactic, 377, 381, 382
homolactic, 370
methane, 377
products of microorganizms, table, JG3
propionie, 377
Fermentation products, related series of,
T4, 3TH
Ferritin, 140, 186
Fibrinogen, 108, 124
Fibroin, of silk, 110, 124
Ficin, 265
Fixation of nitrogen, 402, 403
Flavin adenine dinutleotide (FAD), 277
Flavin mononueleotide (FMXN), 159, 277,
278
funetion in eytochrome system, 332, 3050
Flavin nucleotides, as hydrogen carriers,
a32, 233
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Flavoproteins, 140, 268
Fluorine :
in bones, 193
relation to tooth decay, 193
toxicity of. 193
Fluoroapatite, in bones, 193
FMXN (see Flavin mononucleotide)
Folaein, 247
Folic acid, 247
food sources, 249
metiabolic funetion, 281
relation to methylation in rive, 345
Folinie acid, 248
Follicle-stimulating hormone (FSII), 292
properties of, 307
Food ealorie utilization, relation to work
done, 428, 429
Food intake, relation to body weight, 429
Foods:
amino aecid content, 127
cost of food ealories, 43, 44
mineral composition of, tables, 430445
proximate composition of, tahle, 434-
vitamin content of, table, 447—448
Foot-pound (energy unit), definition, 413
Formie acid, 77, 363, 377, 383
from glyeine in animal body, 344
Formylpteroic acid, 247
Formyipteroylglutamic aecid, 248

Formyltetrahydropteroylglutamic aeid,
359
Fragility test (see Capillary resistance

test )
Free energy change :
in oxidation-reduction reactions, 420
of glycolysis, 418, 419
relution to chemieal equilibrivm, 414,
415
Free energy (AF), definition, 414
equilibrium constants aund, 415
of glucose combustion, 414
relation to entropy and heat change, 414
Free HCI, gastric juice, 312, 313
Fruectosans, 63
Fructosazone (see Glucosazone )
Fructose, 33, 34
metabolism of, 324, 326
ring forms of, 26, 35
F"u'“'ém.*e']' G-diphosphate, in glycolysis,
26
Fructose-G-phosphate, 336
Fruit drop, control of premature, +06, 407
Fucose, 38
Fuel value, of various food materials, 422,
423
Fumarase, 266
Fumarie aeid, 331
Furanose ring forms of sugars, 26
Furfural, 53
Furfuraldehyde from pentoses, 26
Fusarium avenaceum, 370

G
Galactans, 63
Galacto-araban, 52
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Galactosamine, 37
Galactosazone crystals, 47
p-Galactose, 32
metabolism of, 324, 326
L-Galactose, 33
Galactose-1-phosphate, 280, 326
Galactosidases, 263
Galactosides, 32
Galacturonic acid, 88, 39
Gallstones, 95
Gases, exchange in lungs, 187
Gastrice digestion, 312
Gastrie jnice:
HCT in, 312, 313
pH of, 312
regulation of flow, 314
secretion of, 308
Gastrin, 308
Gastrointestinal hormones, 300
Gelatin, 124
Gientiobiose, 41
Gentiobinronie acid, 21
Geodin, 376
Geometric isomers, 79
Geotropism, 406
Germinating seeds, formation of amides
by, 402
Gigantism, 305
Gliadin, 109, 125
Gilobulins, 108, 109, 110, 111, 125
Glucoascorbie acid, antagonist of vitamin
, 266
Glueokinase, 267
Gluconie acid, 22, 129, 364, 380
Glucosnmine, 37
Glucosamine, N-acetyl, in chitin, G4
Glucosamine, N-methyl, 37
Glucosans, 21
Glucosazone, 31, 32
Glucosazone erystals, 47
Glucose :
blood levels of, 325, 327
commercial preparation of, 29
formation in nature, 28
from amino acids, 354
metabolism of, 236, 324
oceurrence, 28
oxidation of by cupric ion, 20
phosphoryliation and absorption, 325
ring forms of, 25
Glucose-1,6-diphosphate, 250
Glucose-1-phosphate, 280
in glycolysis, 326
Glucose-G-phosphate, from hexokinase re-
action, 324
Glucosidase, 2063
Glucosides, 28
Gluco-xylan, 52
Glucuronic acid, 38, 37
slutamic acid:
formula of, 119
in plant metabolism, 401, 402
in transamination, 342, 343
role in nitrogen fixation, 404
y-linkage, 131
Glutamice decarboxylases, 266
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Glutamic dehydrogenase, 268
Glutamic-oxalacetic transaminase, 208
Glutaminase, 265
Glutamine, S48
formula, 119
in plants, 402
source of urinary ammonium salts, 854
Glutathione, 192
formula, 130
in oxidation-reduetion, 280
Glutelins, 108, 100, 111
Glntenin, 109, 125
Glyeeraldehyde, dertro and levo forms, 22
Hlyeceraldehyde-3-phosphate, 329
Glyceric acid-2,3-diphosphate, 250
Glycerie acid phosphates, 329
Glycerides, formulas of, 83
in natural fats, 81, 84
mixed, S1, 83
physical state in relation to fatty acid
composition, T8
simple, 81, 83
Glycerol (glyeerine), 76
metabolic oxidation of, 329, 330
production by yeast, 377, 379, 351
a-Glycerophosphorie acid, 98
Glycine :
as purine and porphyrin precursor, 350,
2ol
as serine precursor, 345
formula, 116
in bile salts, 96 .
in creatine biosynthesis, 348
Glycocholie acid, 96, 317
Glyeogen, 59
amounts present in liver and musecles,
325
branched structure of, 50
depletion of body stores in diabetes, 301
formation in body, 325
from amine acids, 354
from glycerol, 336
with adrenalin, 289
with insulin, 301
Glycogen metabolism, relation to museu-
lar work, 417
Glycogen phosphorylase, 267
Glycolipides, 73, 101
Glycolysis :
ATI formation during. 418
efficiency of, 419
energy yield from, 415
equation for, 328
in plants, 405
in veast, 381
reactions of, 326, 329
Glyeolytic mechanism. in photosynthesis,
397
Glycoproteins, 136
Glycosidases, 263
Glycosides, 39, 40
Glyeyl-alanine, 129, 131
Glyoxalase, 267
Glyoxylic acid, 397, 398
Goiter, 192, 299
Gonadotropic hormones, 292
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Graafian follicle, 203
Gramicidin, 122, 131
Grana, 358
Grapelruit, effect of zine deliciency on,
191
Grave's disease, symptoms of, 200
Graying of hair, relation to vitamin in-
take, 239
Girisein, 366
Growth efliciency, effect of oxygen on, 360,
361
Growth factors, for microorganisms, 3549
Growth hormone, 305
properties of, 307
Growth regulating substances in plants,
406
Guanidinoacetic acid, 348
Guanine :
formula of, 154
metabolism of, 155
nucleic acids and, 154-158
Guannosine, 156
Guanylie acid, 156G
Gulose, 24
Gum arabie, GO
Gum ghatti, 66
Gun cotton, 62

H

Hair, zine content of, 191
Hallochrome, 350
Halogeton weed, oxalates in, 161, 162
Hardening, of fats or oils by hydrogena-
tion, 89
Harden-Young ester (see Fructose-1, 6-
diphosphate)
Ieat change (AH), definition, 413
ITeat engine operation, difference
musele contraction, 415
Heat of combustion:
of food matervials, 423
of glucose, 414
Heat production in body, relation to ef-
ficiency of energy use, 415
Ileat prostration, cause of, 183
Ieat regnlation of body, 11
ITeavy water, use in metabolic tracer ex-
periments, 340
Hemicelluloses, 21, 66
Hemin, 137, 360
Hemocuprein, 140, 187
Hemocyaning, 140, 186
Hemoglobin @
amine acid content, 125
classification, 112
components of, 137
in earbon dioxide transport, 135, 187
in oxyvgen transport, 135
in root nodules, 103, 403
Hemophilia, 221
Hemophilus influenzae, 360
Hemophilus parainfiuenzae, 354, 360
Hemorrhage :
control of by oxytoecine, 304
in vitamin O deficiency, 222, 223
in vitamin K deficiency, 221

from
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Iemorrhagic disease of infants, 221
Heparin, 67
Hepatocuprein, 140, 187
Herbicides, selective, 407
Heteropolysaceharides, 51, 66
of animals, 67
of plants, G6
Hexokinase inhibition :
by dinbetogenic hormone, 325, 3206
effect of insulin on, 302
Hexokinase reaction, 324
Hexosamines, 37
IHexosuns, 53
ITexosediphosphate, 179
Hexosemonophosphate, 179
Hexuronic acids :
furfural from, 37
relation to pentoses, 39
Hill reaction, 393, 304
Hippuricase, 265
Histamine, 321
effect on secretion
S0s
relation to allergy, 259
ITistidine :
bacterial decarboxylation of, 521
formula, 115, 120
Ilistidine decarboxylases, 260
Histones, 111, 153
Homocysteine :
for rat growth, 343, 344
tormula, 117
intermediary product, 122
ITomogentisic acid, 350
Homopolysaccharides, 51
Homoserine, formula, 116
1loney, sugars in, 33
Hopkins-Cole test, 143
Hordein, 108, 125
Hormones :
adrenal, 287-200, 200-202
anterior pituitary, 305-307
antidiuretie, 303
cortical, 290-292
definition, 286
estrogenic, 2906
follicle-stimulating (FSH), 307
gastrointestinal, 306300
gonadotropie, 202
growth, 305, 306
lactogenie, 295, 305-307
luteotropie, 203, 204
metabolie funection of, 287
of plant growth, 406G, 407
ovarian, 292
panereatie, 300-303
parathyroid, 182
posterior pituitary, 303
progestational, 204, 207
testicular, 295, 200
thyroid-stimulating, 307
Hyaluronic acid, 67
Hyaluronidase, 67, 263
Hydrases, 266
Hydrocarbons, higher paraffin in waxes,

3

of gastric  juice,

INDEX

Hydrochlorie acid, gastrie seeretion of,
312-313

Hydrogen, bacterial formation of, 377,
38

Hydrogen bonds, 10
IIydrogen carriers, coenzymes as, 334
Hydrogen equivalent, 164
Hydrogen ion concentration :

biological importance of, 167

pH and, 169
Hydrogen sulfide, in colon, 321
Ilydrogen transport system, 333

as energy generator, 420422
Hydrogenation of oils, 80
Hydrolases, 263
Hydrolecithin, 97
Hydrolysis, 19
Hydroperoxides in fat oxidation, 90
Hydroquinone, 304

as antioxidant, 90
S-Hydroxyanthranilic aecid, 347
B-Hydroxybutyric acid, 339
17-Hydroxyeorticosterone formnla, 2910
17-Hydroxy-11-desoxycorticosterone  for-

mula, 200

S-Hydvoxykynurenine, 347
Hydroxylysine, formula, 119
Hydroxyproline :

biosynthesis of, 346

formula, 121
S5-Hydroxytryptamine, 304
Hydroxytyramine, 288
Hyperacidity, 314
Hyperglycemia, 327 v
Hyperglycemie factor of pancreas, 303
Hypertension, 304
Hypoglyeemia, 327
Hypophysis, hormones of, 303
Hypoxanthine :

formula of, 154

metabolism of, 155

1

Idose, 24
Imino acids, 352
a-Tminoglutarie acid, 342
Immuno-polysaccharides, 68
Indican, 321
Indicators :
for pH measurement, 173
use of for acid-base titrations, 167
Indole, 320, 354
Indoleacetic acid, 406
effect on rooting, 408
Indoleacetonitrile, 406
Indole-5,G-quinone, 350
Inorganic elements, required
organisms, 360
Inorganic phosphate, formation of ATD
from, 422
Inositol, 254, 367, 378
Inositol meta diphosphate in phospholi-
pides, 101
Insulin, 300-302
amino acid content, 125
mechanism of physiologieal action, 202

by miero-
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Insulin (Cont.) :
sequence of amino acids in, 110, 152
zine in, 188, 190
Insulin shock, 502, 327
Intermediary metabolism, 350
Intestinal absorption, 319, 520
Intestinal digestion, 315
Intestinal juice, enzymes in, 518, 319
Intestinal secretion, 318
Intrinsic factor in pernicious anemia, 251
Inulin, 63
Iuversion of sucrose, 42, 43, 45
Invert sugar, 42, 45
Invertase, 262, 263
Todinated proteing as source of thyroid
hormone, 209
Todine :
human requirement for, 192
relation to goiter, 192
Todine content of foods, table, 442
Iodine number of fats, 88, 89
lodine, radioactive, use in Grave's
ease, 300
Todized salt, 192
Todogorgoic acid, 207, 298
Ion antagonism, 185
Ton exchange resins, 16-17
Tron :
* absorption of, 320
availability of various forms, 188
compounds of in living cells, 179, 186
content of foods, table, 442
food sources of, 188
human requirement for, 188
storage of in body, 186
Treadiated milk, 214
Islets of Langerhans, 301
Izocitrie acid, 331
Isocitrie acid dehydrogenases, 268
Isoeitrie acid, dehydrogenation of, 333
Isocitric acid, oxidation energy from, 421
Isoelectrie pH, 144
[solencine, formula, 116
lsopropyl aleohol, 377
Isotopie carbon as metabolie tracer, 339,
340
Isotopiec nitrogen
tracer, 404
Isotopie tracer studies, 335, 340

T

Jonundice, use of vitamin K in treatment
of, 220
Jelly, pectin in, 65

K

dis-

(N®) as wmetabolic

Kervatin, 110, 125

a-Ketobutyrie aecid, from cystathionine,
345

Ketogenic diets, 239

Ketoglueonie aecid, 364, 380

w-Ketoglutarie acid, 331, 342

role in nitrogen fixation, 404

u-Ketoglutarie acid  oxidation,
from, 421

Ketoglatarie oxidase, 266

energy
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Ketoheptoses, 21
Ketone hodies, 339
Kotose, definition, 19
Ketose
differentiation from aldoses, 30
Ifehling's reaction with, 33
test for, 36
Ketosis, 338, 3¢
in diabetes, 301
17-Ketosteroids, 209
Koetotriose, 20
Kidney, effect of phlorizin on, 302
Kilocalorie, definition, 413
Kjeldahl method, 146
Knoop's theory of fat ecatabolism,
337
Krebs eycle, 330
in plants, 405
Krehs-Henseleit urea cycle, 552-354
Kynurenine, 347

S,

L

Lacteal, 319
Lactie acid:

amount in muscles, 418

bacterial produetion of, 363, 376, 377

formation during violent exercise, 325
Lactie acid dehydrogenase, 268
Lactobacillus arabinosus, 358
Lactobacillus bulgaricus, 359
Lactobacillus casei, 359
FLactobacillus citrovorum, 35%
Lactobacillus delbriickii, 363
Lactobacillus gayonii, 363
Lactobacillus lycopersici, 363
FLactohacillus pentoacelicus, 377
Lactogenic hormone, 125, 205

properties of, 307
Laectoglobulin, 125
Lactosazone crystals, 47
Lactose, 45, 49, 263

alpha and beta forms of, 49

food value, 48
Lanolin, 94
Lanthionine :

as source of eystine, 345

formula of, 117, 122

in subtilin, 122
Lauric acid, T7
Lead poisoning, treatment with vitamin

¢, 223

Lecithinases A and B, 98
Lecithins, 97

with fat transport, 255
Legumin, 109, 125
Leuecine, formula, 116
Leuvonostor citrororum,

for, 248

Leuconostoe mesenteroides, 378
Lencosin, 108, 109
Leucovorin, 248
Levans, 63, 379
Levulinie acid, from hexoses, 26
Levulose, 33
Light reactions of photosynthesis, 393
Lignin, 61

srowth factor
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Lignocerylsphingosine, 100
Limit dextrins, 58
Linoleic acid, 80, 82
Liuseed oil as paint oil, 89
Lipases, 86, 263
Lipides :
classes and hydrolysis produets, 71, 73
compound, 73
definition, 71
derived, T3
essential, 97
in plant seeds, 400
metabolism of, 334-341
simple, 73
Lipoeaie, 303
Lipoic acid, 254, 274, 360
Lipoproteins, 112, 141
Lipothiamide, 274, 359
Lipothiamide pyrophosphate, 254, 255
Lipotropic action, 336
Lithoecholie acid, 317
Liver, fatty, 253
Lohman reaction, 416, 417
Lateinizing hormone, 202
properties of, 307
Lateotropic hormone, 293, 294
Lycopene, 205
Lysine:
formula, 119
bacterial decarboxylation, 321
Lysolecithin, 98, 263
Lysozyme, 263
Lyxose, 23

M

Macroeytic anemin, 248, 251
Magnesinm :
content of in American dietary, 186
role in animal body, 185
Magnesinm content of foads, table, 439
Magnesium deficiency, effect on tobacco
plants, 409
Magnesium ions, enzymes activated by,
185
Maleic hydrazide, as plant growth sub-
stances, 407
Malie acid, 161, 331
Malie acid formation, use of light energy
for, 394
Malic aeid oxidation, energy from, 421
Malt sirup, 45
Maltase, 263
Maltosazone erystals, 47
Maltose, 45
structural formula, 46
izo-Maltose, 21, 41
Manganese content of foods, table, 442
Manganese deficiency, effect on leaves, 190
Manna, 33
Mannans, 33, (64
Mannitol, 33, 35
Mannoheptulose, 21
Mannosazone (see Glucosazone)
Mannose, 33
Mannose, metabolisin of, 324, 326
Mannose-6-phospbate, 326

INDEX

Mannosidostreptomyein, 365
Mannuronie acid, 38, 39, 65
Maternal instinets, relation of lactogenic
hormone to, 303, 306
Melanin, 349, 350
Melezitose, 49
Melibiose, 21, 41
Melissie acid, in waxes, 93
Melissyl aleohal, 93
Menadione, 220
Menstrual eyele, hormonal eontrol of, 293
Menstruation, 292
Mental attitudes of animals,
lll“l']l‘ll'lll()."i o1l 3“3
Mereerized eloth, 61
Mesquite gum, 27
arabinose from, 26
Metabolie rate of microorganisms, 361
Metabolism :
antimetabolites in study of, 5
inborn errors of, 350
lipide, 334-341
methods of study, 4
of amino acids, 341-354
of carbohydrates, 323
of protein, 341-354
of sugars, 324-330
nse of isotopes in, 5
Metabolism of microorganisms, 357-386
aerobic, 364
anaerohie, 376
comparison of produets, 362
intermediary, 380
Methane, baeterial formation of, 377. 354
Methane in colon, 321
Methanobacterium omelianskii, 377
Methemoglobin, 138
Methene bridges, in chlorophyll molecule,
3091
Methionine :
conversion to cystine, 122
effect on fatty livers, 336
formula of, 117
in choline synthesis, 345
in creatine synthesis, 345, 3483, 34)
methylation and, 343-345
Methionine sulfoximine, 257
Methyl donors, 344
Metlhyl-g-p-glucoside, 40
Methylamine, 162
Methylation, as a metabolic reaction, 343
Methyleytosine, 154
5-Methylfurfural, 38
Methylpentoses, 37
Methyltetronic acid, 375
Mierobiological assay of riboflavin, 204
Micrococeus pyogenes, 374
AMicromole, definition, 164
Microorganisms :
growth efliciency, 360
growth requirements of, 358
interrelations of animals, plants, and,
357
Milk :
mineral deficiencies of, 188
vitamin D enriched, 214, 215

effeet  of
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Milk production:
effect of iodinated easein on, 204

offect of laetogenic  hormone  on,
205

Milk seeretion, stimulation by oxytocin,
{1}

Milliequivalent, definition, 164
Millimole, definition, 1064
Milling of grains, loss of thinmine during,
231, 232
Millon test, 142
Mineral elements:
abuormal distribution, 180
absorption of, by plants, 409
availability of various forms, 196
excretion of, 107
seneral biologieal functions, 181
in various organic compounds, 179
loss from foods on cooking, 197
loss on ashing, 177, 178
major, 176
minor, 176
needed by animals. 176
needed by plants, 176
occurrence, 1758, 179
testing for, 178
Minerals:
in animal body, 178
in foodstuffs, 178
Miscarriage, prevention by progesterone,
204
Mitochondria, from plant tissue, 405
Moisture content of foods, table, 434
Molar solutions, 163, 164
Molarity of solutions, 163-165
Mold spoilage, 376
Mole, definition, 163
Molybdenum, needed by plants, 194
Molybdenum toxicity, 194
Monosaccharvides, 20, 22
absorption, 320
eyxelie and open chain forms, 24
Montanie acid in waxes, 93
Montanyl aleohol, 93
Mottled teeth, 193
Mucie acid, 33
erystals of, 47
Mucilages, 66
Mucin, 311
Mucoitin sulfate, 67
Mucous cells, 312
Muscle contraction, 415-416
stimulation of smooth, by oxytocin,
304
Muscle dystrophy, 217
Muscular activities:
energy expenditures for, 427
relation  to  composgition of muscle,
418
Mustard oil, 28
Mutases, 2066
Myogen, 108, 125
Myokinase, 267
Myosin, 108, 126
Muyristic acid, 77
Myxedema, 2090
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N

regulator, 407
aphthogquinone  derivatives,
aetivity of, 220

Naphthoresorcinol, test for uronic acids,

-,

oie

Naphthalene acetic acid, as plant growth
N

vitamin I

Nerve impulse, transmission of, 259
Neuberg  ester  (see  D-Iructose-G-phos-
phate)
Neuritig, in thiamine deficiency, 228
Niacin (see Nicotinie acid)
in fouds, table, 447448
Nicotinamide, 235
Nicotinamide riboside, 359
Nicotinie acid:
hiosynthesis from tryptophan, 347
food sources, 230
formula, 238
human reguirements, 239
in foods, table, 448
metabolic antagonist of, 256
physiological function, 235, 236
stability of, 238
Nieman-Dicks disease, 100
Night blindness, 205
Ninhydrin test, 143
Nitrate fertilizers, 400
Nitrificntion, 14, 400
Nitrifying baecteria, 401
Nitrogen balance studies, 341
Nitrogen cyele in nature, 402, 403
Nitrogen deficiency, effect on plants, 408,
410
Nitrogen fixation :
by bacterin, 402, 403
by leguminous plants, 402, 403
by =oil bacteria, 403, 404
mechanism of, 404

Nitrogen metabolism, of plants, 400-
402

Nitrogen requirements of microorganisms,
358

(1 et

Nitrogen trichloride as flour bleach, 237
Nitroglyeerine, TG
Nitrosococeus and nitrification, 401
Nitrosomonas and nitrification, 401
Nonsaponifiable matter, S1
Norvepineplivine, 257, 288
Norleucine, formula, 116
Normal potential (13,), definition of, 420
Normal solutions, 163, 164
Normality of solutions, 163-165
Nucleases, in digestion, 318
Nueleie acids:
amount in nueleoproteins, 152, 153-160
classes of, 153
molecular weight of, 153, 157
products on hydrolysis, 154
structure of, 157
Nucleoproteins, 112, 150-160
compenents of, 151, 152, 153
importance, 150
linkage between components, 151
molecular weight, 153
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Nucleoproteins (Cont.) :

oceurrence of, 150

preparvation of, 151

proteins of, 153

relation to chromosomes, 150, 151

types of, 152

virus, 153
Nucleosidases in digestion, 319
Nucleoside phosphorylases, 267
Nucleosides, 156
Nueleotidases in digestion, 318
Nucleotides, 156-158

structure of, 158
Nutrition, objectives and methods, 3
Nrylon from pentosans via furfural, 53

(8]

Obesity, 427429
canse of, 428
relation to varying food needs, 429
Octapine, formula, 120
Qils, fatty, hardening of, 89
Oleic acid:
cis-trans isomers of, T9
formula, 79, 80
Oley] aleohol, 93
Omega oxidation of fatty acids, 337
Opsin, 204
Optieal activity, 24
Optical rotation, 24
Organie acids in plants, metabolism of,
405
Ornithine, 321
bacterial decarboxylation, 321
formula, 121
from glutamie acid, 346
Ornithine cycle, 352-354
Osazone crystals, 47
Osazones, 31, 32
Osmotic pressure, 181, 182
Osteomalacia, 202
Ovarian hormones, 292, 293
Overweight :
cause of, 428
correction of, 429
Ovovitellin, 108, 126
Ovulation, 293
Oxalacetate carboxylase, 266
Oxalacetic acid:
in citrie acid eyele, 330, 331
source of, for eitric acid eyele, 332
Oxalacetic transaminase, reaction cata-
lyzed by, 343
Oxalates, soluble, toxicity of, 161, 162
Oxalie acid, oceurrence in foods, 161
Oxalosuceinie aeid, 331
Oxalosuccinic earboxylase, 266
Oxidases, 2658
in plants, 404
Oxidation, definition of, 419
metabolie, by hydrogen removal, 332
multiple alternate, of fatty acids, 337,
338
of fatty acids, 336-339
of glucose, direct, 380
of glucose, nonphosphorylative, 381

INDEX

Oxidation (Cont.) :
of organic matter on earth, 387
of sugar alcohols, 364
omega, of fatty acids, 337
Oxidation-reduction earriers, 275-279
Oxidation reduetion potential, definition
of, 419
Oxidation-reduction,
420
Oxidative deamination, 351, 352
Oxide-ring forms of sugars, response to
reducing sugar tests, 30
Oxide-ring formulas of sugars, alpha and
beta forms, 25
Oxygen isotope, use as tracer, 392
Oxygen  production, in  photosynthesis,
388, 392
Oxyhemoglobin, 105, 138
Oxytocie hormone, 295
Oxytoecin, 303, 304

I)

PABA (see Parva-aminobenzoic acid)
Paint, unsaturated oils for, 89
Palmitaldehyde, 101
Palmitie acid, in waxes, 93
Palmitoleic acid, 80
Pancreas, 300
hyperglycemice factor of, 303
in carbohydrate metabolism, S00-305,
327
Panereatic amylases, 263, 316
Pancreatie digestion, 315
Pancreatic lipase, 316
P'ancreatie seeretion, hormonal control of,
308
Pancreozymin, 308, 316
Pantatheine, 359
Pautathenie acid, 359
formula, 240
in foods, table, 447—448
physiological function, 239
Papain, 265
Paper chromatography, 396
I’aper making, 61
Paper pulp, 61
Para-aminobenzoic
benzoie acid)
*avathyroid secretion,
caleinm, 183
Parietal cells, 312
Pectin, 64, 65
Dectinase, 263
Pellagra, 235, 236, 237, 238
relation to corn as food, 237
Penicillamine, 122
formula, 118
Penicillin, 122
activity of, 374
formula of, 374
industrial production of, 372
maode of action of, 374
precursors of, 374
range of aetivity, 374
resistance of bacteria to, 374
Penicillinase, 265

principles of, 419,

acid  (see  p-Amino-

effect on  hlood
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Penicillium charlesii, 375
Penicillinm  chrysogenum @
growth efliciency of, 360
penicillin production by, 372
products of, 363
Penicillium cincrascens, 375
Penicillivm terrestre, 375
Pentosans, 51
funetion of, in plants, 52
furfural from, 53
hyxdrolysis of, 52
nutritive value, 53
occurrence, 51, 52
I'entoses, 26
’entosuria, 26, 28
I*enzyme, 399
Pepsin, 110, 126, 265, 313
Pepsinogen, 314
Peptidases, 204
Peptides :
linkage, 129
side chains, 130
utilization by plants, 401
I’ernicious anemin, 248, 249, 251, 314
Perosiz, 253
relation of manganese to, 189
I'eroxidases, 2068, 282
in piants, 405
pH:
definition, 168, 169
effect on plant growth, 168
measurement of, 173
of salt solutions, 171, 172
regulation of body, 173
pH changes, relation to changes in H-ion
concentration, 169
pIl value of biological materials, 174
Phaseolin, 108, 126
I'henylacetic acid, 374
Phenylalanine, 114
formula, 117
Pheuylhydrazine,
31, 32, 35
I’henylpyruvie acid, 350
Philobolus Eleinii, 360
Phlorhizin, 302
P’hosphagens, definition, 417, 418
Phosphatases, 264
activation by vitamin D, 211
in digestion, 319
Phosphate bond energies, table of, 417
Phosphate bonds, AF values of, table, 417
I’hosphate bonds of high energy :
definition, 416, 417
formation of, 420422
I’hosphate, transfer enzymes, 267
I’hosphates, bond energy of, table, 417
in glyeolysis, 326-320
organic, in metabolism, 326-329, 415-
421
Phosphatides, 96
Phosphatidie acids, 99
P’hosphatidyl ethanolamine, 99
Phosphatidyl serine, 99
Phosphocreatine  (see
phate)

reaction with sugars,

Creatine phos-

Petitioner Microsoft Corporation - Ex. 1032, p. 467

463

I’hosphodiesterases, 264
2-Phosphoenolpyruvie acid, 307
Phosphoglucomutase, 267
Phosphoglyceraldehyde
268
I’hosphoglyeerie aecid transphosphorylase,
267
Phosphoglycerie acids, in photosyuthesis,
396-308
Phosphoglyceromutase, 267
P’hosphohexoisomerase, 267
Phosphobexokinase, 267
I'hiospholipides ;
classification, 97
in fat transport, 3306
I"hosphoproteins, 136
Phosphopyruvate transphosphorylase, 267
I"hosphorus @
areas low in, 185
requirement, 1584
vole in animal body, 184
Phosphorus countent of foods, table, 439
Phosphorus deficiency, effect on plants,
409, 410
’hosphorylases, 267
stimulation by epinephrine, 289
I’hosphoserine, 319
Photochemical reaction,
photosynthesis, 391
I’hotolysis of water, in
301
Photosynthesis, 29, 387400
dark reactions in, 393
definition of, 388
efficiency of, 395, 396
energy relations of, 395, 390
energy stored by, 387
equation for, 388
formaldehyde theory of, 396
Hill reaction in, 393
importance of, 387
intermediates of, 396400
light reactions in, 393
mechanism of, 397, 398
partial reactions of, 393, 304
products of, 396—400
quantum efficiency of, 395, 396
rate of, 393
Phototropism, 406
Phthiocol, 220
Phytase, 204
Phytie acid, ealeium and magnesium salts
of, 179
I’'hytohormones, 406
I’hytol, 391
Pitressin (see Vasopressin)
Pituitary gland, velation to
ceyeles, 202-204
Pituitary hormones, 303-306
Pituitary, hormones of posterior
303
pK,, relation to acid strengths, 171
Placenta, hormones from, 205
Planck's constant, 395
I’lant growth substances, 406, 407
Plant gums, 66

dehydrogenases,

primary, in

photosynthesis,

menstrual

]n})(‘,
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I'lant hormones, 406, 407
lant metabolism :
glyeolysis in, 405
Krebs eyele in, 405
organic acids in, 405
I’lant nutrition :
effects of mineral deficiencies, 409, 410)
mineral elements for, 407
I’lant respiration, true oxidases in, 44
Mants:
nitrogen nutrition® of, 400—02
respiration of, 404—405
’lasmalogens, 101
Polarimeter, 24
Polarized light, 24
P’olished rice, relation to
ficiency, 2285
Polymyxin, 122
bacterial spectrum of, 370
components of, 370
toxicity of, 370
Polyneuritis, 227
Polyphosphatases, 264
Polysaecharides :
molecular weights of, 50
production by baeteria, 378
properties of, 51
structure of, 50, 51
olyuronides, 21
Porphyrins:
biosynthesis of, 351
prosthetic groups of enzymes, 278
Porphyropsin, 204
Potassinm content of foods, table, 439
Potassinm deficiency, effect on plants,
400, 410
Potassinm, in animals, 183
ressin (see Vasopressin)
P'rogesterone :
effect on uterus, 204
physiologieal funetions, 292-205
Prolactin, 305
I'roline :
biosynthesis from glutamic acid, 346
formula, 120
Propanolamine, from vitamin B, 250
Propionibacterivm pentosaceum, 363, 37T
P'ropionic acid, 77
Propionic acid fermentation, 363, 377, 382
G-T'ropyl-2-thiouracil, 300
I'rosthetie group, 111, 136
I'rotamines :
nueleoproteing and, 153
properties of. 111
I’rotein-bound iodine, 208, 299
Protein content of foods, table, 434
Protein foods, use in correcting over-
weight, 420
Protein, human requirements for, 347
Protein metabolisin, 341-354
link to ecarbohydrate metabolism, 342,
243
Proteinases, 265
of hacteria, 265
specificity, 315-316
Proteins, 103-149

thiamine de-

INDEX

Proteins (Cont.) :
amino aecid composition, 122, 124
classification, 110
coagulation, 145
color tests, 142
commereial, 103
conjugated, 111, 136
criteria of purity, 107
erude, definition, 146, 434
crystalline, 104
denaturation of, 144
derived, 111
determination, 146
economic importance, 103
elementary composition, 75, 109
half-life period in tissues, 347
hydrolysis, 122
isolectrie pH, 144
linkages in, 131
molecular weights, 141
number, 104
oceurrence, 104, 108
physiological fuel value of, 423, 424
precipitation, 143
preparation, 104
products on hydrolysis, 111, 113
simple, 111
solubility, 111
structure, 133
tahle of common, 108
Protens vulgaris, 3G9
I'rothrombin, 219, 220, 221
Protochlorophyll, 390
formula, 391
Protomone (iodinated easein), 208
I'rotoplasm, 6
Proximate composition, definition of, 423
Pseudomonas aeruginosa, 381
Pseudomonas putida, 358
Pseudomonas saccharophila, 399
Pseudomonas sp.. 370
Pteroie aecid, 359
Pteroylglutamie acid, 246-249, 359
stability of, 249
Pteroylglutamic acid deficiency, symptoms
of, 248
Pteroyltriglutamic acid, 131
Ptyalin, 58, 263
Purines, 154-157
biosynthesis of, 351
formula of, 154
list of, 154
I"utrescine, 260, 321
Pyranose ring forms of sugars, 20
Pyribenzamine :
antihistamine drug, 289, 290
formula, 200
I’yridine nucleotides,
riers, 332, 333
Pyridine-3-sulfonie acid, as nicotinie acid
antagonist, 250
Pyridino coenzymes, 275
Pyridino proteins, 268
Pyridoxal, 243
Pyridoxal phosphate, 243, 279
coenzyme for transamination, 343

as  hydrogen cir-
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Pyridoxamine, 243
Pyridoxamine phosphate, 243
I’yridoxine :
food sources, 244
formula, 242
physiological function, 241
Pyrimidines, 154-157
formula of, 155
list of, 154
Pyrithinmine, 256
Pyroxylin, 62
Pyrrole, 390, 391
Pyruvie acid:
conversion to oxalacetic acid, 332
formation during glycolysis, 325, 1320
from glucose, 330
in thinmine deficiency, 227
metabolic oxidation of, 330-334
'yruvie aeid enolphosphate, 329
P'yruvie acid oxidation, energy from, 421
P'yruvic oxidase, 266, 274
Pyruvie transaminase, reaction catalyzed
by, 343
Q
Q-enzyme, 399
Quinolinie acid, 347
it

Rachitie rosary, 210
Radionetive carbon isotopes as metabolie
tracers, 288, 396, 397
Radioautography, 396
Raflinose, 49
Raneidity, 90
hydrolytic, 90
oxidative, 90
Rayoun, 62
Redox potential, definition of, 419
Reducing sugars, 31
determination in foods, 31
effect of alkali on, 31
Reductive amination, 401
Relaxin, 295
Renal threshold, effect of phlorizin on,

Renin, 265, 304, 314
Reproduction, relation of vitamin E to,
216, 217, 219
Resorcinol test for ketoses, 306
Respiration :
definition of, 323
of animals, effect of eyvanide on, 354
of plants, 404, 405
Respiratory quotient, 425
Retinene, 204
Rhamnose, 38
Rheumatoid arthritis, effect of cortisone
and ACTH, 202
RRhizobia, in root nodules, 403
Rhizopterin, 247
Rhizopus nigricans, 363
. Rhizopus oryzae, 363
Rhizopus sp., 363
Rhodemicrobium and
403
Rhodopsin, 140, 204

nitrogen fixation,
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Rhodospirillum and nitrogen fixation, 403
Ribitol. 21
Riboilavin :

chemical properties, 245,

determination of, 254

food =ources, 234

formula, 254

human requirements, 235

in foods, table, $47—445

light destruction of,

physiological funetions
Riboflavin adenine dindcleotide (A,

el

Riboflavin coenzymes, 277
Ribotlavin mononucleotide (FMN), 277
role in tissue oxidation, 252
structure of, 2706
Riboflavin-5-phosphate, 159, 277
Ribonnelease, 126
Libonueleie acid, 154
Itibose, 27
Ribose, nucleie acids and, 154, 156-155
[ibose-3-phosphate, in vitamin 13, 250
Ttibose-G-phosphate. 350
Ribulose, 397, 508
Ribulose-5-phosphate, 350
Ricinoleic acid, S0
Ricket
occeurrence of, 212
relation of sunlight (o, 212
symptoms, of, 210
Itobison ester (see p-Glucose-G-phosphate)
Root nodules, 403
Running fits in dogs, 257

S

Saecharie acid, 22
sSaccharimeter, determination of
with, 45
Naccharomyees verevisiae:
fermentation products of, 363
growth efficiency of, 360
Saliva:
amylase in, 311
composition of, 311
seeretion, G312
Salivary anylase, 263
Salmine, 111, 126
Salt depletion, 12
Salt metabolism, effect of cortical steroids
on, 201
Salt, requirement, 182
Saponification. T3
of fats, 856
Sehiff's reagent, 25, 27
Searvy, 223
Necretion, 308, 316
Secretogogues, 308
Sedoheptulose, 21, 380, 307, 398
Selenium poisoning, 195, 196
Semiessentinl amino acids, 541, 32
Serine :
formation from glyecine, 344, 345
formula, 116G
metabolie reactions involving, 344, 345
Serine phosphate, 319

RILCTrOse
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Serotonin, 304
Sex hormones, 202-207
male, 205-297
Silicon @
in living cells, 1706
in plants, 195
Simple sugars, 19, 22
distinguishing from other carbohydrates,
Sinigrin, 28
Sitosterol, 95
Skatole, 320, 354
Slipped tendon in chicks, 189
Snake venoms, leeithinase in, 99
Soaps, 56, 87
water-insoluble, uses of, 88
Sodium :
functions in body, 182
in body fluids, 182
with Addizon's disease, 201
with adrenals, 291
Sodium chloride, in nutrition, 182, 183
Sadium content of foods, table, 439
Sodium palmitate, S6
Solar energy, fraction
earth, 387
Solutions:
molar, 163
normal, 163
standard, 163
standardization of, 165
Sorbitol, production from glucose, 27
Horbose, 36
Specific rotation, 24
Sperm oil, 92
Spermaceti, 92, 93
Sphingomyelins, 100
Sphingosine, 73, 100
diliydro-, in cerebrosides, 101
Sprouting of stored vegetables, chiemical
control of, 407
Sprue, 248, 251
Standard solutions, 163
Standardization of solutions, 165, 166
Standards, primary, for titrations, 165
Staphylococeus aureus:
effect of penicillin on, 375 s
nitrogen requirements of, 358
Starch :
acid hydrolysis of, 29
elementary composition, 75
granules, 54, 55, 56
iodine test, 54
occurrence, 54
phosphorus in, 54
synthesis of in plants, 399, 400
Steapsin, 86
Stearaldeliyde, 101
Stearie acid, 77
Stercobilin, 318
Stercobilinogen, 318
Ntereoisomerism, 23
Sterecisomers, 23
Sterility, relation of vitamin E to, 216,
217, 219
Steroid ring system, 94

intercepted by

INDEX

Steroids, 94
biosynthesis of, 340
Sterols, 94
Stilbestrol, 207, 298
Stored fat, dynamic state of, 335
Streptidine, 366
Ntreptococeus fecalis, 359
Ntreptoroccus lactis, 360, 376
Ntreptomyces awreofuciens, 368
Streptomyces griseus, 365
Streptomyces rimosus, 365
Streptomyees venezuelae, 309
Streptomyein :
baecteria dependent on, 367, 363
formula of, 365-367
maode of action, 367
production of, 366
resistance to, H67
toxicity of, 366
Streptose, 365, 306, 367
Substrate, 270
Subtilin, 122
Sucecinie acid, bacterial formation of, 363,
A7T, 383
Suceinie acid oxidation, energy from, 421
Suceinie debydrogenase, 268
Sucrase, 262, 263
Nucrose
aidvantages of hydrolysis of, 34
cost of food ealories from, 43
determination in foods, 44, 45
food value, 43
formation in plants, 397-399
human consumption, 42, 43
inversion of, 42, 43, 45
oceurrence, 42
optical rotation of, 45
preparation of, 43
production, 42
structural formula, 44
Sucrose phosphorylase, 267
Sucrose synthesis, 399
Sugar aleohols, 21
Sugars:
action of acids on, 26, 89, 52
action of alkalies on, 31
p- and L- forms of, 22
desoxy, 20, 27
formation in plants, 397, 39S
interconversion in body, 324
melting points of, table, 36
optical rotations of, table, 36
reducing power of, 30, 31, 35, 41
ring structures of, 24-26
sweetness of, 43
Sulfa drugs, effect on intestinal bacteria,
Sulfanilamide, 256
Sulfatase, 264
Sulfur compounds:
in mustard, garlie, ete., 179
required by animals, 192
Sulfur content of foods, table, 439
Sweet clover, toxieity of fermented, 221
Sweetening power of sugars, 43
Symbiosis, 403
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T

24.5-T, formula of, 407
>

e, 05
Tartarvic acid, 161
Taurine, in urine, 197
Taurocholie acid, 96, 317
Ten, mauganese in, 180
Teeth, fluorides and, 103
Teeth, mottled, 193
relation of vitamin C to, 223
relation of vitamin D to, 210
Termobacterium mohile, 363
Teropterin, 247, 249
Terramycin :
formula of, 367, 368
mode of action, 360
range of activity, 368
Terrestric acid, 375
Testosterone, 295, 207
Tetany, relation to calcium, 183
Tetrahymena geleii, 360
Tetronic acid, 375
Tetroses, 20
Theobromine, 155
Theophylline, 155
Thiaminase, 229, 266
Thiamine :
destruction during food preparation, 229
determination of, 229, 230
food sources, 230
formula, 229
human requirements, 230, 231
in fat synthesis, 340
in foods, table, 447448
physiological function, 226, 227, 228
required by microorganisms, 356
requirements, factors modifying, 228
Thiamine deficieney, prevalence of, 228
Thiamine pyrophosphate, 227
Thiazole, 359
Thiochrome method, for thiamine assay,
229
Thioctic acid. 360
Thiouracil, as antithyroid drug, 300
Threonine, 113
formula, 116
Threose, 20
Thymidine, 156
Thymidylic acid, 156
Thymine. 154157
pteroylglutamic acid activity of, 249
Thyroglobulin, 298
Thyroid deficiency, 299
Thyroid hormone, 297-300
Thyrotropic hormone, properties of, 307
Thyroxine. 297-300 '
formula, 118
Titration, 163, 165
Tobacco mosaic virns, 110, 126, 153
Tocopherol, apha, formula, 218
Tocopherols, 217
as antioxidants, 90
content of foods, 218
TPN (see Triphosphopyridine nucleotide)
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TPN-extochrome ¢, reductase, 2685
Trace elements, 176
Transaminases, 268
Transamination, 343
in plants, 401, 402
Transglucosidases, 260
Transmethylation, 343
Transphosphorylases, 267
Traumatic aecid, 406
Trehalose, 41
Tributyrin, 83, 84
Tricarboxylic acid eyele, 330
2.4,5-Trichlorophenoxyacetic acid, 407
Trimethylamine, 162
Triolein, 83
Triosephosphate isomeraze, 267
Trioses, 20
Tripahnitin, 83
Triphosphopyridine nueleotide (TI'N) :
forms of, 275
funection
333
relation to nueleotides, 158
role in tissue oxidation, 282
structure of, 276
Tristearin, 83
Trypsin, 2065
in pancreatic secretion, 315
Trypsinogen, conversion to trypsin, 316
Tryptophan :
baecterial degradation of, 320
conversion to niacin in vive, 347
formula, 120
Tuberculin, 153
Turacin, 186
Tyramine, 321
Tyrosinase, 208
Tyrosine :
a8 hormone precursor, 349
bacterial decarboxylation of, 321
biosynthesis, 346
erystals of, 114
formula, 117
Tyrothriein :
components of, 370
toxicity of, 370

in eytochrome system, 332,

U

Uleers, 314
Ultraviolet light and vitamin D, 212, 215
Units:
of peniecillin, 374
of vitamin A, 210
of vitamin D, 216
[Insaturated fatty acids. in nutrition, 79
Uraeil, 154-156
Urea :
as nitrogen fertilizer, 400
synthesis of, 352
Urease, 265
Urie acid, as nitrogenous waste product,
353

formation of, 155
formula of, 155
1ridine, 156
Uridine diphosphate glucose, 250
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Uridylic acid, 156

Urine :
excretion of glueose in, 301
excretion of hormones in, 295
pH of, 174

Urogastrone, 314

Uronie acids, 38, 39
tests for, 39

‘."

Vaceenie acid, 80
Valine, formula, 116
Vanadimm, in respiratory pigment, 176
Vanillin, from lignin, 61
YVasoconstrictor, epinephrine wuse as,
289
Vasopressin, 304
Villi, 319
Vinyl groups in chlorophyll, 391
Vinyl phosphate, 398
1-5-Viny1-2-thiooxazolidone, 300
Viosterol, 215
Virilism, 291
Vision, chemistry of, 2(4
Visual purple (see Ithodopsin)
Vitamin A, 205-210
food sonrces, 200
human requirements for, 2090
international unit of, 210
measurement of, 208
oxidation of, 208
relation to yellow color of foods, $4, 85
sources of, 209
toxicity due to overdoses, 210
Vitamin A acetate, 207
Vitamin A erystals, 206
Vitamin A deficiency. prevalence of, 205
Vitamin A derivatives, 207, 208
Yitamin A palmitate, 208
Vitamin A value, 208
of foods, table, 447448
Vitamin A,, formula, 207
Vitamin A, 204
Vitamin B, 247
Vitamin B, conjugate, 247
Vitamin B; (see Thiamine)
Vitamin B, (see Riboflavin)
Vitamin B, (see Pyridoxine)
Vitamin B,, 240-252
food sources, 252
human requirements, 252
metabolic funection of, 252, 281
production of, 370
relation to methylation in rive, 345
Vitamin B,. deficiency in humans, 252
YVitamin By, 251
Vitamin B, 251
Vitamin bunsiness, annual value, 203
YVitamin (*:
antagonist for, 2506
biosynthesis of, 222
determination of, 225
human requirements, 226, 231
in foods, table, 447-448
loss in preparing foods, 225
oceurrence and food sourees of, 225
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Vitamin C (Cont.) :
prevention of losses from foods, 225,
2326
reducing power of, 224, 225
Vitamin (' deficieney :
prevalence of, 223
symptoms of, 222, 223
tests for, 223
Vitamin D:
chemical nature, 212
concentrates of, 215
hnmian requirement, 216
mechanism of action, 211
physiological funection, 210
precursors of, 215
relation to ealeinm absorption, 183
requirements, 214
sources of, 214, 215
storage of in body, 218
toxicity of overdose, 215, 216
Vitamin D deficiency, prevalence of, 212
Vitamins D, and D, 213
Vitamin deficiency diseases, existence in
ITnited States, 202
Vitamin E:
as antioxidant, 217
distribution, table, 218
food sources, 218, 219
physiological funetions, 216, 217, 219
protection of vitamin A by, 208
Vitamin B deficiency, symptoms of, 216,
217
Vitamin G (see Riboflavin)
Vitamin I (see Biotin)
Vitamin K:
ocenrrence and food sources, 222
physiologieal function, 219
Vitamin K,, formula, 220
Vitamin M, 247
Vitamins :
classification, 201
definition, 200
history of, 200, 201
in foods, table, 447448
microorganisms and, 359
relation to enzymes, 200
Volatile fatty acids, 78

w

Warfarin, 221, 222

Water:
balanee, 13
chlorination of water supplies, 15
conservation of in vive, 12
content and age of cells, 8-9
content and survival of cells, 10
content of biological materials, table, 9
demand in animals and plants, 11
free and bound, 9-10
function of in metabolism, 11
hardness of, 15
in photosynthesis, 392
indices of pollution, 14
metaholie, 12, 13
need of, 11
occurrence and importance, 8, 9




INDEX

Water (Cont.) :
potable, 13
purification of water supplies, 15
requirement in humans, 12
softening, 15-17

Wax aleohols, 91, 93

Wax esters. 02

Waxes, natural :
biologieal role, 92
composition of, 92-94
ocenrrence, 92
properties of, 92

Weed killers, 407

Weight reduction :
by muscular activity, 429
principles of, 429

Work, relation to free energy changes, 414

X

Nanthine :
formula of, 154
metabolism of, 155
oxidases, 268
Nanthophyll, S4, 205, 209
Xanthoproteie test, 142
Nerophthalmia, 203, 205
Xylan, 51
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Xrlitol, 21

Nylosazone erystals, 47
p-Xylose, 26
L-Xylulose, 27, 25

Y
Yeast, produetion, 361, 371
Yellow enzymes, 140
VA
Zeaxanthine, 205
Zein, 108, 126
Zeolites, 16, 17
Zine:
biologieal role, 183-101
in carbonie anhydrase, 187, 189
content in average diet, 191
content of foud, table, 442
food sources of, 191
in fertile soils, 191
in insnlin, 31
Zine deficiency, effect on plants, 191
Zine oleate, 58S
Zine stearate, 5SS
Zwitterion, 97
Zymogenic cells, 312
Zyvmogens, 2735



















