ratus can be made small and compact
for mounting on individual flasks in an
incubator or on a shaker for adding
acid, alkali, or other reagents during in-
cubation of bacterial cultures. Only light
leads are needed to service the units and,
if several units are to be used, as for
replicate flasks, addition will be identical
in all flasks if the electrodes are wired
in series. (vii) There are no moving
parts which need lubrication.

RorerT J. HECKLY
Naval Biological Laboratory,
School of Public Health,
University of California, Berkeley
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Radiation-Induced Reactions of
Potassium Bromide with Air

Pressed discs of potassium bromide
(1) showed selective absorption in the
4000 to 650-K (2) infrared region after
irradiation with 1.5-Mev electrons in the
presence of air, oxygen, nitrogen, helium,
or carbon dioxide. The samples received
about 1021 ev/g at a dose-rate of about
10 ev/min. In all experiments the po-
tassium bromide “windows” became less
transparent as devitrification, with con-
sequent scattering, proceeded. In addi-
tion, there was decreased absorbance of
the only bands initially present—those
centered at 3430 and 1630 K, which
were due to adsorbed water or to oc-
cluded water retained by the potassium
bromide despite careful desiccation, or
to both. These results were produced
also by heating the discs several hun-
dred degrees. The rate of devitrification
decreased as the rate of heating was de-
creased. The “windows” were restored
to the glass-clear condition by repress-
ing. While loss of water and devitrifica-
tion were the only effects noted for ex-
periments conducted in the three gases
last named, in oxygen and in air, radi-
ation-induced chemical reactions oc-
curred.

When a potassium bromide “window”
was irradiated in ordinary laboratory
air, new bands appeared in the infrared
absorption spectrum, with maxima at
1360, 1260, 830, 1440, 1765, and 2340 K,
in order of decreasing magnitude. Part
of the pattern was unstable and shifted
rapidly: peaks at 1385 and 825 K ap-
peared and grew at the expense of the
original 1360 and 830 maxima. The rate
of shift was greater in humid air. Since
the new peaks were characteristic of
potassium nitrate dispersed in potassium
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bromide and in Nujol (3), it was inter-
esting to speculate on the precursor. The
immediate possibilities were: (i) that
scattered “isolated” nitrate ions on.the
surface of the disc migrated to form po-
tassium nitrate crystals; (ii) that a meta-
stable crystalline phase of potassium
nitrate was initially formed on the sur-
face under the influence of the crystal-
line surface forces of the potassium bro-
mide lattice and subsequently recrystal-
lized. The latter possibility appeared to
be the more likely since it was found
(4) that isotropic, triangular microcrys-
tals of high melting point, which spon-
taneously changed to the normal aniso-
tropic form of potassium nitrate, were
produced on the surface of potassium
bromide crystals irradiated in air with
polonium alpha rays.

Although nitrogen dioxide alone (the
other nitrogen oxides were inert) re-
acted with potassium bromide in a man-
ner similar to that of irradiated air, the
100-fold greater rate of reaction at room
temperature (20-fold greater at 70°C)
in the latter case indicated that energy-
rich surface dislocations or excited gase-
ous intermediates were involved in the
reaction. At constant dose-rate, it was
found that the production of infrared-
absorbing species decreased as the con-
tact time of the irradiated air with the
salt diminished. Coupled with the fact
that discs irradiated in helium at room
temperature did not undergo apprecia-
ble postirradiation reaction with air, the
view that excited gaseous intermediates
were involved gained plausibility.

Of the absorption bands listed above,
those centered at 1385, 825, and 1765 K
could be identified as belonging to po-
tassium nitrate; that centered at 2340 K,
which appeared only in windows pre-
pared from chemically pure potassium
bromide and not in windows made from
Harshaw optical grade potassium bro-
mide, was undoubtedly produced by car-
bon dioxide arising from the radiolysis
of organic impurities; that centered at
1260 K, on the basis of other work (9)
could be tentatively identified as belong-
ing to potassium nitrite produced by
radiolysis of potassium nitrate. Although
potassium carbonate has been reported
(3) to have a very strong absorption
band at 1450 K, the 1440 peak here
noted did not appear when potassium
bromide was irradiated in an atmosphere
of carbon dioxide; it did appear when
the irradiations were conducted in at-
mospheres of oxygen or air. Possibly
KNO, which has been reported (6) to
absorb at 1445 K, or KOBr was the ab-
sorbing species.

The irradiation of a disc in an atmos-
phere of dry oxygen produced, in addi-
tion to the aforementioned peak at 1440
K, an infrared absorption band with a
maximum at 790 K, which was found
to be the principal absorption region of

potassium bromate when it was dispersed
in potassium bromide or Nujol (3). This
absorption did not appear when the irra-
diations were conducted in dry or moist
air.

A. RusseLL JoNEs
Chemistry Division,
Oak Ridge National Laboratory,
Oak Ridge, Tennessee
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Mechanism of Immune Hemolysis:
Recognition of Two Steps in the
Conversion of EAC/, , , to E¥

In recent publications from this labo-
ratory (I) it has been established that
the lysis of sheep erythrocytes (E) by
Forssman antibody (A) and guinea pig
complement (C’) is the result of a series
of successive reaction steps, as follows:

E+A — EA (1)

Catt

EA + C, e —> EACh,. (2)

MgH‘

EACH, ++ C’ —> EAC’, 4,2 (3)

FEACH, 4,2+ C's —> E*  (4)
inactive product (4a)

E* —> ghost + hemoglobin (5)

In this scheme C’;, C’,, C’,, and C’, rep-
resent the four recognized components of
complement (2). Ca** and Mg+ have
been found to function in steps 2 and 3,
respectively. E* refers to an activated
or damaged cell which eventually hemo-
lyzes without further interaction with
complement from the fluid phase. The
conversion of EAC/, , , to E¥* by C/4
has been found to proceed without re-
quirement of a divalent cation such as
Cat++ or Mg*+, and hence can take place
in the presence of 0.013/ ethylenedia-
mine tetraacetate (EDTA). As a source
of C’;, either C’; (guinea pig serum
lacking C’; and C’,) or whole guinea
pig serum in the presence of 0.01M
EDTA has been used. The identification
of C’/; as the component which interacts
with EAC; , , to form E* (3) is based
on the observation that EAC’; , , can
be hemolyzed by R,, R,, or R,, but not
by R, (4).
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With the aid of a kinetic theory of
the mechanism of steps 4 and 4a, it has
been shown that both the rate and ex-
tent of reaction 4 are dependent on the
square of C’, concentration (5). Since
no lag was detected in kinetic analyses
of step 4, it was postulated that this
process involves a single reaction, that is,
a one-hit mechanism. In order to recon-
cile this with the dependence of rate and
extent of reaction on the square of the
C’; concentration, it was assumed that
the process involves two simultaneous
hits by C’, (1) or that the active form
of C7; is a dimer in equilibrium with an
inactive monomer. However, these as-
sumptions have now become unneces-
sary, for recent experiments have fur-
nished two independent lines of evi-
dence which indicate that the conver-
sion of EAC/, , , to E* requires more
than one step.

Before this new evidence is presented,
it should be pointed out that the obser-
vation that EAC’; , , can be hemolyzed
by R;, R,, or R,, but not by R, (3),
does not necessarily imply that C/, is
the only component required to trans-
form EAC’, ,, to E* The possibility
must be considered that the conversion
of EACY; , , to E* requires (7,, as well
as another, as yet unrecognized, compo-
nent of the C/ system. In our earlier
work this possibility was dismissed be-
cause the process was believed to be a
one-hit reaction.

In recent kinetic studies of reactions
4 and 4a, it was discovered that no lag
was apparent in the earlier experiments
(1) because the technique employed to
stop the reaction in the samples at the
desired times was not adequate. This
difficulty was overcome (i) by working
in a cold room at about 5°C instead of
room temperature, (ii) by diluting the
samples 1/11 instead of 1/3 with ice-
cold buffer, (iii) by centrifuging imme-
diately in prechilled (5°C) table centri-
fuges rather than at room temperature,
(iv) by pouring off the supernatant
fluids immediately after centrifugation,
and (v) by resuspending the cells in
fresh buffer before further incubation
at 37°C, instead of incubating the sedi-

Table 1. Reciprocal of the final dilution
of reagent required to convert 50 percent
of 7.5X 10" EAC’y, 4,2 to E* in a reaction
volume of 2.5 ml in the presence of 0.01M
EDTA in 90 minutes at 37°C. In all as-
says, the cells as well as the C’ fractions
were used on the day of preparation.

Expt. g% M;lela- Mix- Whole
No. PDt. Ppt. ture C
1 < 5 47 260 610
2 36 8 400 720
3 < 5 < 5 260 710
4 95 17 490 720
5 86 18 390 650
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Fig. 1. Kinetics of E* formation from EAC’;, 4, 2. In the descriptions that follow, the term
new sampling method refers to conditions i, iii, iv, and v described in the text. Open
circles: old sampling method, C’s 1/100 (10), experiment No. 082354. Solid circles: old
sampling method, C’s 1/115 (10), experiment No. 090154. Open squares: new sampling
method, 1.0 ml of sample +5.0 ml of stopping diluent, C’s 1/60 (10), experiment No.
122156. Solid squares: new sampling method, 1.0 ml of sample + 10.0 ml of stopping
diluent, C’s 1/60 (10), experiment No. 122156. Open triangles: new sampling method,

1.5 ml of sample + 3.0 ml of stopping diluent,

s 1/90 (10), experiment No. 111956.

Solid triangles: new sampling method, 1.0 ml of sample + 5.0 ml of stopping diluent, C’s

1/90 (10), experiment No. 111956.

mented cells in the presence of the orig-
inal supernatant fluid. The use of a 1/11
dilution of the samples was arrived at
after several lower dilutions were tested
under conditions i, iii, iv, and v, as shown
in Fig. 1. This dilution represents the
highest dilution feasible under present
experimental conditions.

While this new technique may not be
perfect, in the sense of effecting com-
plete blockage of further C/; action dur-
ing sampling, it is clear that results ob-
tained in this fashion reflect more closely
the actual course of events than do those
obtained with the earlier method. With
the improved sampling method it was
demonstrated that the kinetic curve of
E* formation is sigmoidal and not con-
cave to the abscissa as previously claimed
(Fig. 1).

This finding indicates that the con-
version of EAC’; , , to E¥ involves at
least two reaction steps. Hence, an at-
tempt was made to learn, by fractiona-
tion of guinea pig serum, whether the
components required in these reactions
are distinct (6). A method was found
which led to a separation of two frac-
tions, both of which appear to be nec-
essary for the conversion of EAC/; , , to
E*. One fraction was obtained by pre-

cipitation from whole guinea pig serum
on addition of 0.005M4 HCI to pH 5.0.
After collection by centrifugation, the
precipitate was dissolved in 0.04M phos-
phate buffer at a pH of 7.1 to a vol-
ume equal to the original amount of
serum and reprecipitated at pH 5.0 with
0.005M HCIL. The supernatant fluid from
the initial precipitation was rendered
isotonic and neutral by addition of ap-
propriate amounts of 1.54/ NaCl and
0.1M NaOH. The second fraction was
obtained from this solution by addition
of methanol to a concentration of 28 per-
cent (by volume). The resulting precipi-
tate was dissolved in a convenient vol-
ume (3 to 5 times the original serum
volume) of isotonic NaCl and reprecipi-
tated by addition of methanol to 40 per-
cent (by volume). All operations were
performed at 0 to 2°C.

The results of five experiments, sum-
marized in Table 1, indicate that the
two fractions are far more active in ad-
mixture than alone. It appears, there-
fore, that conversion of EAC”, , , to E*
requires at least two factors.

However, before this conclusion can
be regarded as valid it is necessary to
consider the possibility that anticomple-
mentary effects might account for the
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results cited in Table 1. Thus, it is con-
ceivable that one of the fractions might
contain C/; in admixture with an in-
hibitor, while the other fraction might
contain an anti-inhibitor. If this were
the case, both fractions would be inac-
tive when used alone, but activity would
be restored by admixture. Tests with the
fractions described in this paper showed
that the acid precipitate, after incuba-
tion with whole C/ at 37°C for 30 min-
utes, strongly inhibited the action of the
latter on EA, while the methanol pre-
cipitate lacked inhibitory action. These
results, however, are not relevant to the
system under study—that is, the conver-
sion of EACY; , , to E* by (7 in the pres-
ence of EDTA.

An appropriate test would involve in-
cubation of whole C/ in EDTA with the
fractions alone and in combination fol-
lowed by tests of these mixtures with
EAC/, , , as substrate. This was done
with an incubation temperature of 37°C
and incubation time of 30 minutes, and
with a concentration of the acid pre-
cipitate which had been found to be
strongly inhibitory to whole C/ in the
previous test. No antlcomplementary ac-
tion was observed in the modified test
with EAC’, , , as substrate, and, indeed,
in all cases such treatment enhanced the
conversion of EAC’, , , to E*.

The results of the fractionation experi-
ments permit two alternative interpreta-
tions: (i) Each of the fractions contains
a different component of complement;
these two components act sequentially
to transform EAC/; , , to E¥. (ii) One
of the fractions contains a component of
complement (presumably C’;) which
converts EACY, , , to E¥ by two succes-
sive reactions, while the other fraction
contains a cofactor or activator for this
process.

Further experiments are needed to dis-
tinguish between these 1nterpretat10ns
With respect to the first 1nterpretat10n,
since either R,, R,, or R, is able to con-
vert EAC/, , , to E¥, it would appear
that both of the factors involved in this
reaction are distinct from C’,, C’,, or
C’,. Furthermore, since Ry does not con-
vert EACY; , , to E¥, at least one of
these factors is C/. Attempts were made
to reconstitute R, (at a nonlytic level)
by addition of the alcohol and acid pre-
cipitable fractions, alone and in combi-
nation (in the proportions corresponding
to the original guinea pig serum). The
three mixtures, as well as whole C’, were
assayed for their ability to hemolyze sen-
sitized sheep red cells (EA) in the pres-
ence of Ca** and Mg**. The results were
expressed as the reciprocal of the final
dilution required to yield 50-percent
lysis, as judged by visual inspection, and
are given as follows: R+ methanol pre-
cipitate, 120; R, +acid precipitate, 350;
R, + mixture, 750; whole C’, 1500.
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This experiment indicates that both
the methanol precipitate and the acid
precipitate contain C’;, in the sense that
they are lytic with R;. However, the ex-
periment is inconclusive with respect to
the possible duality of C/s, since the titer
of the mixture of the two fractions was
only moderately higher than the sum of
the titers of the fractions alone.

One of the limitations in the use of
R, arises from the fact that it does not
furnish an excess of C’y, C/,, and C’,
and that the purified fractions may con-
tribute one or more of these components,
leading to the formation of EAC’, , , of
different activity in the different mix-
tures. By contrast, in the experiments
described in Table 1, in which the
fractions were tested with preformed
EAC’, , ,, further formation of C’y , »
sites on the cells was blocked by 'the
EDTA.

While it is evident that one of the fac-
tors is C’,, it is not clear whether the
other one is a second part of C’3, an
activating factor, or a new component
of complement. This question requires
further study of the nature of R;. In ad-
dition, it is not known whether the two
factors act on EAC/; , , in a definite
sequence. Finally, it will be necessary to
reexamine the properties of EAC/; , ,
with the aim of determining whether a
pOpulation of cells “in the state
EAC/, , »,” when prepared as described
by Levme, Mayer, and Rapp (3), has
progressed, at least in part, beyond this
stage by interaction with one of the fac-
tors. This possibility must be considered
since in the preparation of EAC/, , , a
small proportion of cells is lysed.

In regard to the nature of R, it is
pertinent that Da Costa Cruz and De
Azevedo Penna (7), employing con-
ventional C’ reagents, concluded that
C’, consists of at least two different sub-
stances, on the basis of the differential
destruction of C’, by formaldehyde on
the one hand and by sodium hydrosul-
fite on the other.

There have been quite a few reports
presenting evidence of the existence of
complement components other than C/,,
C/,, C’,, and C’, (8). Some workers in
the field, including the members of this
laboratory, have been reluctant to ac-
cept the existence of more than four com-
ponents because of the limitations inher-
ent in the use of serum fractions which
are subjected to destructive treatments
and which are recombined in order to
reconstitute hemolytic activity. The pres-
ent evidence on a new component or fac-
tor of the complement system is not
based on the use of reagents prepared by
destructive treatment (9).

Hersert J. Rapp
Department of Microbiology, Johns
Hopkins University, School of Hygiene
and Public Health, Baltimore, Maryland
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Banana Feeding and
Urinary Excretion of
5-Hydroxyindoleacetic Acid

The diagnosis of malignant carcinoid
in man can be made by the presence of
markedly increased excretion of 5-hy-
droxyindoleacetic acid (5-HIAA) in the
urine. The increased excretion of this
acid in the urine of patients with car-
cinoid tumors is derived from 5-hydroxy-
tryptamine, which is present in very large
concentration in the carcinoid tumors
(I). 5-Hydroxytryptamine is converted
to 5-HIAA by the action of aminooxi-
dases (2). The range of excretion values
for 5-HIAA obtained from carcinoid
patients is 21 to 680 mg/day, as com-
pared with 2 to 9 mg/day for adult nor-
mal subjects (3).

The 5-hydroxyindoles found in the
urine of carcinoid patients and of nor-
mal man are derived primarily from the
metabolism of tryptophan. The excre-
tion in normal man is relatively constant
over wide ranges of tryptophan intake.
However, addition of very large amounts
of tryptophan to the diet of normal man
results in increased excretion of 5-HIAA
in the urine. A twofold increase in ex-
cretion of this acid has been demon-
strated following loading with 3.5 g of
tryptophan.

To date, the elevated values of
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