any signs of illness. This synergism between bacteria
and metabolic inhibitor has been confirmed in several
duplicate experiments not only with the same patho-
gen and inhibitor but with other pathogens and poi-
sons as well. These results have broad implications
for the phenomenon of parasitism and should be in-
vestigated from a variety of approaches. More de-
tailed reports are in press.
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Identification of Glycogen in Whole
Bacterial Cells by Infrared
Spectrophotometry

Seymour Levine,* Heber J. R. Stevenson,
and Robert H. Bordner

Environmental Health Center,
Public Health Service, Cincinnati, Obio

A recent report of infrared spectra of intact bac-
terial cells indicated that some of the hands could be
interpreted as protein, nuecleic acid, and polysac-
charide absorptions (1). Subsequent work has shown,
in addition, that a glucan of the glycogen-starch type
can be identified in spectra of whole cells. This gluean
was isolated and proven to be glycogen.

Absorption bands at 8.7, 9.25, and 9.75 u were ob-
served in the spectra of dry films of enteric bacteria
grown on nutrient agar with added carbohydrate.
When the growth medium lacked the carbohydrate,
only the 9.25-u band was observed in this spectral
region (Fig. 1). The effect of the earbohydrate on the
bacterial spectrum was more pronounced when cul-
tures were incubated at 15-20° ‘C rather than at 37°
C..The additional absorption bands at 8.7 and 9.75 p,
when weak, appeared only as inflections on the- sides
of the 9.25-u band, whereas, when strong, they were
accompanied by a deepening of the 9.25-uw band and
the appearance of new absorptlons at 10. 75, 11.8,
13.2, and 14.2 p.

In an attempt to find the origin of this group. of

1Present address : Department of Pathology, University

Hospital, New York ‘University-Bellevue Medical Center, New
York.
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absorption bands, cells of Aerobacter aerogenes grown
at 15-20° C for 2 days on nutrient agar (Difeo) with
1% glucose were subjected to chemical fractionation;
infrared spectrophotometry was used to follow the
course of the procedure (Fig. 1). Since aqueous ex-
traction failed to remove the characteristic bands from
the bacterial spectrum, the cells were disintegrated by
sonie vibrations (10 ke). After the debris was removed
by centrifugation, infrared spectra showed the de-
sired material in the opalescent supernatant. It was
found to be precipitable by 1 volume of 95% ethanol;
and the spectra revealed that successive reprecipita-
tions caused progressive attenuation of the 6.05- and
6.45-n bands which can be attributed primarily to
protein. The last traces of protein were removed by
shaking with chloroform and isoamyl aleohol. After
this treatment the spectrum had no band at 6.45 u and
only a weak band at 6.05 u, the latter probably due
to residual water. The spectrum of the final product
showed the characteristic bands at 8.7, 9.25, 9,75, 10.75,
11.8, 13.2, and 14.2 u, and it was identical with the
spectrum of a commercial glycogen preparation. The
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product gave a reddish-brown coloration with jodine
which is typical of glycogen.

The spectra of whole cells can now be used to follow
the course of glyecogen production and destruction
under various conditions of growth. The amount of
this polysaccharide in the bacterial cell can be esti-
mated from the intensity of the 9.75-u glycogen band.
This is compared to the 6.45-u protein absorption
band which acts as an internal standard. The method
has the following limitations: the absorption of small
amounts of glycogen may be masked by bands due to
other materials, particularly slime-layer or capsular
polysaccharides; and the spectrum of glycogen re-
sembles closely the spectrum of starch or dextrin. The
advantages of the method are that it is rapid and
simple, it involves no chemical manipulations, and it
requires very small samples (as little as 0.4 mg of dried
cells) (2). Later observations on the occurrence of gly-
cogen in bacteria, as well as chemical and ultracentri-
fugal studies of this polysaccharide, will be reported.
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Micro Determination of
Isoniazids in Blood

Morris B. Jacobs

Bureau of Laboratories,
Department of Health, New York City

Compounds like isonicotinic acid hydrazide and the
isopropyl derivative of isonicotinic acid hydrazide
(1-isonieotinyl-2-isopropyl hydrazine) have been ap-

o 0 CH,
Ié I /7
- _ NHNH, C—NHNHCH
| AN

/ / R CHa

N\ NS

1-Isonicotinyl-2-isopropyl
hydrazine

Isonicotinic acid hydrazide

proved for use in the treatment of tubereulosis under
medical supervision by the U.S. Food and Drug Ad-
ministration. Accurate and sensitive methods for the
determination of these compounds in blood would be
valuable in following the course of treatment. Such
methods have been proposed by Rubin et al. (1) and
by Kelly and Poet (2). These methods are, however,
cumbersome and do not lend themselves readily to
the ordinary techniques of a clinical laboratory. The

monagqueous titration method of Alicino (3) and the

iodometric methods of Canbick (£) and of Alicino
are not applieable.
The following method is simple and more rapid
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than the methods mentioned. It depends upon the
reduction of potassium ferricyanide in ‘acid solution
by the isoniazid with the subsequent formation of a
Prussian or Turnbull’s blue and the colorimetric esti-
mation of the greenish color formed from the yellow-
ish of the ferricyanide and the blue of the iron com-
plex compound.

Reagents. Sodium tungstate solution, 10%: Dis-
solve 10 g of reagent grade, carbonate-free sodium
tungstate, Na,WO, - 2H,0 in water and dilute to
100 ml.

Sulfurie acid, 2/3N: Tare a 50-ml beaker. Weigh
into this beaker 35 g of concentrated sulfurie acid,
specific gravity 1.84. Place approximately 500 ml of
distilled water into a liter volumetric flask. Pour the
sulfuric acid carefully into the liter flask containing
the water, while swirling the flask. Cool, complete to
volume, and check the normality against standard
sodium hydroxide solution. Adjust the concentration,
if necessary.

Acetic acid 3N : Prepare in the customary manner.

Potassium ferricyanide solution: Dissolve 2 g of
analytical, reagent grade potassium ferricyanide,
K;Fe(CN),, in distilled water and dilute to 500 ml.
Store in a brown bottle protected from light and pre-
ferably under refrigeration. Transfer small volumes
to another brown bottle for daily use or prepare a
fresh solution, as desired.

" Standards may be conveniently prepared using re-

~erystallized 1-isonicotinyl-2-isopropyl hydrazine phos-

phate or isonicotinie acid hydrazide and normal horse
serum or pooled normal human blood plasma.

Standard isoniazid solutions: Weigh carefully 0.200
g of isoniazid and transfer to a 200-ml volumetrie
flask. Add distilled water, shake until dissolved, and
dilute to volume. This is the stock standard solution
and contains 1 mg/ml.

Transfer with the aid of a volumetrie pipet 1 ml
of the stock standard solution to a 50-ml volumetric
flask and dilute to volume with distilled water. This
solution contains 20 pg/ml.

Standard curyes: ‘Transfer with the aid of pipets
0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and 4.0 ml of the diluted
standard isoniazid solution containing respectively,

10, 20, 30, 40, 50, 60, and 80 pg of isoniazid to 1 ml

of normal horse serum or pooled normal human blood
plasma. Dilute to 6 ml with distilled water and pro-
ceed with the method as detailed below. Since enly
4 ml of the tungstate filtrate is used, the standard
curve represents half the concentrations listed above,
namely, 5, 10, 15, 20, 25, 30, 35, and 40 ug, respec-
tively.

Transfer 1 ml of blood plasma to a 16 x 150-mm
test tube. Add 5 ml of water, mix; add 1.0 ml of 10%
sodium tungstate solution and mix with an individual
glass rod; add 1.0 ml of 2/3N sulfuric acid, mix with
an individual glass rod, and place the tubes in a water
bath at 80-85° C for 1 min to coagulate the precipi-
tate. Remove the tubes from the hot bath, chill in a
cold water bath, dry the outside of the tubes, and filter-
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