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trophoretically identical to those of 84 ml 
effluent could well account for the slight anti- 
bacterial activity in this fraction, in which 
lysozyme and ribonuclease may have exerted 
a synergistic effect. Nevertheless, in view of 
the heterogeneity of the lysosomal cationic 
proteins, the possibility of the existence of 
additional antibacterial components cannot 
be excluded. 

The heterogeneity of ribonuclease from bo- 
vine pancreas, and other sources is amply 
documented (12). The isoelectric points of 
some of these ribonucleases have been found 
to vary between 3 to 9.5(13,14). In our ex- 
periments the appearance of ribonuclease ac- 
tivity at various levels of the column indi- 
cated that the rabbit lysosomal RNAase is 
also heterogeneous. 

cationic proteins of acid extracts of PMN 
lysosomes were resolved on a preparative 
scale by density gradient electrophoresis. The 
:V releasing activity was closely associated 
with antibacterial action. Lysosomal ribonu- 
clease was electrophoretically heterogeneous, 
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Hydroxykynurenine, first identified in bio- 
logical sources by Butenandt e.t al( 1) ,  has 
since been found in a variety of sources(2,3). 
The enzymatic synthesis in mammals of this 
key intermediate in the pathway from tryp- 
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tophan to niacin was first shown by De Cas- 
tro et aZ(4) to occur in mitochondria of liver 
and kidney and to have a requirement of 
NADPH and 0 2 .  The conversion of hydroxy- 
kynurenine to pyridine nucleotides was im- 
plied by its niacin-replacing activity in rats 
( 5 ) and Neurospora ( 6) .  

The present experiments were done to 
study the effectiveness of keto-labeled hy- 
droxykynurenine as a precursor of respira- 
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TABLE I. Per cent of C** Recovered from Rats and a c e  Injected Intraperitoneally with 
D- o r  L-Hydroxykynurenine-0’. 

L-hydro~ykynurenine-C~~* D-hydrouykynurenine-C?’ t 
Rats: MiceQ Rats: Mice$ 

8’ injected ( p c )  1.737 .304 1.811 .453 

70 in urine (0-24 hr) 17.33 22.75 86.10 94.79 
pC/g body wt .00688 .00585 ,00658 .00838 

YO in Cl4O, (0-12 hr) 75.21 76.04 2.22 2.09 
Total recovered 92.54 98.79 88.32 96.88 

* Specific activity 1.126 pc/mg. 
t ” ” 1.156 pc/rng. 
t AIg of 2 rats run indivldually. 

” 2 mice run together in the metabolism cage. 

tory CO,, and urinary quinolinic acid, nico- 
tinic acid and N-methylnicotinamide in sev- 
eral species including the cat in which the 
niacin requirement is not replaced by trypto- 
phan ( 7 ) .  In addition, DL-hydroxykynurenine 
was resolved into its D- and L-isomers and 
the metabolisms of these were compared in 
rats and mice. 

Experimental. 3-Hydroxy-DL-kynurenine- 
keto-C14 was synthesized by a method previ- 
ously published(8). The D- and L-isomers 
were prepared by separation of the DL-mix- 
ture on a paper powder column 10 x 100 
cm using as a solvent methanol, butanol, ben- 
zene, water 2 :  1: 1: 1 to which was added 2 
ml of glacial acetic acid per 100 ml of sol- 
vent. This solvent mixture was previously 
shown to resolve DL-hydroxykynurenine into 
its isomers on paper chromatograms with the 
naturally occuring L-isomer having a greater 
Rf than the D-isomer (9,lO). Purity of the 
resolved products was checked by autoradio- 
graphs of paper chromatograms and by scan- 
ning paper chromatograms with a 4 T thin- 
window gas flow strip counter. 

Sprague-Dawley strain rats, a common cat, 
a fox terrier dog and Swiss albino mice from 
our own colony, free of internal and external 
parasites, were used in these experiments. For 
injections into animals, saline solutions of the 
labeled D-, DL- and L-hydroxykynurenine- 
keto-C14 were freshly prepared and adminis- 
tered intraperitoneally. The rats received 
doses of 1 to 2 ml, the dog 2.8 ml, the cat 3.8 
ml, and the mice 0.35 to 0.5 ml of the saline 
solutions. Respiratory COz was collected for 
12  hours and urine was collected for 24 hours 
in a glass metabolism cage. Urinary quino- 

linic acid, nicotinic acid, and N1-methylnico- 
tinamide ( 1 1 ) were determined and isolated 
by carrier additions to the appropriate frac- 
tions. The isolated, purified quinolinic acid 
was decarboxylated stepwise in the 2 position 
and in the 3 position by a method previously 
reported ( 1 2 ) .  At the end of 24 hours the dog 
and cat were sacrificed and individual tissues 
were analyzed for carbon-14 content. The 
C14 in all samples was determined by the 
method of Van Slyke, Steel and Plazin( 13). 

Results. As shown in Table I, the total iso- 
tope recovered in the urine and breath ranged 
from 88 to 99%. The rats and mice receiv- 
ing the L-isomer respired about 75% of the 
dose as C1402 compared to only about 2% of 
the dose of the D-isomer. In  contrast only 17 
to 23% of the dose of L-hydroxykynurenine 
appeared in the 24-hour urine while 86 to 
95% of the activity in the D-isomer appeared 
in the urine in the same time interval. The 
time course of respiratory excretion for indi- 
vidual rats and for pooled groups of mice is 
shown graphically in Fig. 1 and 2. With both 
isomers the majority of isotope in the breath 
was excreted within the first 2 hours after ad- 
ministration, with both species excreting very 
similar percentages of the dose. 

Data on urinary excretion of quinolinic 
acid, N1-methylnicotinamide, and nicotinic 
acid by mice and rats after injection of L- or 
D-hydroxykynurenine are presented in Table 
TI. L-hydroxykynurenine was a much more 
efficient precursor of urinary quinolinic acid 
than the D-isomer in both rats and mice as, 
shown in per cent of the dose excreted as 
quinolinic acid and in the specific activity of 
this metabolite. Similarly, L-hydroxykynure- 
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'TABLE 11. 24-Hour Excretion of Quinolinic Acid (QA), N1-Methylnicotinamide (N1-Me) and 
Nicotinic Acid (NA) After Intraperitoneal Injection of D- or L-Hydr~xykynurenine-Cl~ (HK).  

Hydroxykynurenine isomer injected 
7k 7 - - - D - - - 7  

Animal species Rats" Micet Rats" Mice t 
Quinolinic acid : 

C14 in QA, p~ .OB82 
70 of dose 2.198 
Sp act, pc/mmole 50.29 

.199 S p  act QA/sp act HK injected 
N1-methylnicotinamide : 

P4 in "-Me, pc .0051 
70 of dose .293 
Sp act, pc/mmole .763 
S p  act N1-Me/sp act HK injected . 0 0 3 0'2 

C14 in  NA, pc .00170 

Sp act, pc/mmole .690 
Sp act NA/sp act H K  injected 

Nicotinic acid : 

YO of dose .098 

.00273 

.0140 
4.620 

.164 
41.42 

.O,O 0 5 7 

.188 

.701 

.00277 

.00~076 

.250 

.660 

.00261 

.0037 

.202 
2.868 

.OH1 

.00064 

.0349 

.0782 

.00030 

.00112 

.062 
A54 
.00329 

,0014 
.327 

.0338 

,00053 
.118 
.905 
.00349 

.OO 0'26 

.057 

.670 

.00258 

8.75 

255 

* Avg for 2 rats. 

nine was a better precursor of N1-methylnico- 
tinamide in rats than was the D-isomer. How- 
ever, both isomers in both species gave about 
the same amount of labelling in the nicotinic 
acid fraction. It is doubtful if the amount of 
label in nicotinic acid from animals given D- 
hydroxykynurenine could have arisen from 
traces of L-isomer which might have been 
present in the administered preparation since 
the respiratory COa data would have been 
more like that from L-hydroxykynurenine 
had there been appreciable contamination. 

A comparison of the metabolism of DL- 

t Pooled value for two mice. 

hydroxykynurenine in 4 species is shown in 
Table I11 and in Fig. 3. Data on the rat and 
cat were previously reported( 14) but are in- 
cluded here for comparison and discussion. 
Total recovery of administered isotope in 
breath and urine was 83.85 to 92.02% with 
more than half of the activity appearing in 
the urine in the 24-hour period. 

In  this case, the percent of the isotope ex- 
pired by the rats and mice is approximately 
half that found when the L-isomer was given 
(Fig. 1 ), suggesting that the D-isomer is es- 
sentially inactive as a precursor of C14& in 

TABLE 111. Excretion of Labelled Quinolinic Acid (QA) by the Rat, Mouse, Cat and Dog 
After Intraperitoneal Injection of DL-Hydroxykynurenine-OL (HE). 

Animal species Rat Mice" Cat Dog 

W t  of animal ( g )  
DL-HK injected, mg 
C14 injected pc 
70 of C4 in urine (0-24 hr) 
% of C14 i n  breath (0-12 hr) 
Total recovered 
Quinolinic acid : 

GI4 in QA, pc 
70 of dose 
Sp act, pc/mmole 
Sp act QA/sp ac t  H K  injected 
% of Q4 in 2-COOH of QA 
70 of C14 in 3-COOH of QA 

370 
1.01 
1.064 

50.62 
34.64 
85.26 

.0097 
,912 

.0682 
16.11 

1.32 
98.68 

151 
2.47 
2.962 

50.90 
41.12 
92.02 

.07 
2.36 

215.83 
.80 
-t 
--t 

1413 
3.952 
4.173 

56.97 
30.31 
87.28 

.0984 
2.357 

89.37 

2.28 
97.72 

,3785 

1040 
2.8 
2.961 

58.24 
25.61 
83.85 

.180 
6.07 

84.46 

1.54 
98.46 

-3577 

- ~~ ~ 
~ 

" Avg of 2 pooled groups of 5 mice. 
t Decarboxylations were not done on quinolinic acid from mice in these experiments. How- 

ever, in other experiments, quinolinic acid isolated from the urine of mice injected with DL- 
Jhydroxykynurenine-keto-C14 contained 99.26 % of the label in the 3-COOH group. 
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FIG. 1. Expiration of C'40, by rats and mice 
injected intrnperitoneall>- with L-hydroxykynure- 
r~ine-ket0-Q~. The curves for  rats represent values 
from individual animals. The curve for  mice is for 
pooled results from 2 mice. 

FIG. 2. Expiration of C1402 by rats and mice 

these species. Further, autoradiographs of 
paper chromatograms of urine from mice 
injected with the DL-hydroxykynurenine 
showed most of the activity in the area of' 
D-hydroxykynurenine (Fig. 4 ) .  Similar chro- 
matograms from the other species also showed 
most of the activity in the area of D-hy- 
droxykynurenine. However, the patterns of 
distribution of fluorescence and radioactivity 
showed differences between the species. On 
the basis of the experiments with D- and L- 
hydroxykynurenine, it is assumed that most 
of the urinary activity represents unmetabo- 
lized D-hydroxykynurenine. 

In these experiments using DL-hydroxy- 
kynurenine-C14 the urinary quinolinic acid 
was isolated by carrier procedures and from 
0.9 to 6.07% of the dose administered ap- 
peared in this compound. If i t  is considered 
that the D-isomer is relatively inactive as a 
precursor of quinolinic acid, as is shown in 
Table 11, then this represents a conversion of 
from 1.8 to 12.1% of the L-hydroxykynure- 
nine to urinary quinolinic acid. The esti- 
mated values of 1.8 and 4.7% for the rats 
and mice in this experiment agree well with 
the values of 2.2 and 4.6 for the per cent con- 
version of L-hydroxykynurenine to quino- 
linic acid actually found in Table 11. 

As a check on the location of the label in 
the isolated quinolinic acid, the compound 
was decarboxylated stepwise in first the 2- 
COOH and then the 3-COOH. As shown in 
Table 111, about 98% of the label was in the 
3-COOH group as predicted from the posi- 
tion of the label in the administered hydroxy- 
kynurenine. 

Comparison of the ratio of the specific ac- 
tivity of the urinary quinolinic acid to the 
specific activity of the injected hydroxyky- 
nurenine for these species shows that 6.8, 80, 
38, and 36% of the urinary quinolinic acid 
from rat, mice, cat and dog respectively arose 

injected intraperitoneally with D-hydroxykynure- 
~line-keto-C'~. The curves for  rats represent values 
froin individual animals. The curve for  mice i s  fo r  
pooled results from 2 mice. 

F I G .  3. Expiration of C140, by mice, rats and 
cat and dog injected intraperitoneally with DL- 
hydroxykynurenine-keto-C14. The mouse and  rat 
curves are average results from 5 and 2 animals 
respectively. The cat  and  dog values a re  f rom 
single animals. 
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TARLF: 1V. Per cciit of Activity Fouiid in  Tis- 
sues 24 Hours  Aftel. Intraperitoneal Administra- 

tion of ~)l~-Hydrosykyi~rei i i i ie-keto-C~~.  

Orgaii or t,issue Cat, Dog 

Liver .665 . 3 m  

Spleen .071 .O53 
K i (1 11 ep 2 3 7  .184 

Heart .O24 .OOO 
Brain .OO~O .OOO 

from the injected compound. The high figure 
of 80% found in the mouse is in part a re- 
sult of the larger dose per gram of body 
weight which was administered to this spe- 
cies. 

The time course of CI4O2 excretion follow- 
ing injection of DL-hydroxykynurenine-keto- 
C'* is shown in Fig. 3. All 4 species metabo- 
lized the compound to C02, with most of the 
activity being excreted within the first 2 to 3 
hours. The rat, dog and cat received the same 
dosage on a mg/g body weight basis and all 
3 had similar excretion curves, with the dog 
somewhat lower and the rat somewhat higher, 
than the cat. The apparent high rate of ex- 
cretion of C1402 by the mice may be ex- 
plained on the basis that the dose per gram 
of body weight was about 6 times that given 
to the other species. Previous studies from 
this laboratory had shown that when the dose 
of tryptophan per unit of body weight was 
increased the per cent C14 found in the breath 
increased markedly ( 15). In the studies above 
(Fig. 1 and 2 )  with D- or L-hydroxykynure- 
nine in rats and mice, in which the dosage 
rates were approximately the same, both spe- 
cies had very similar rates of conversion of 
label to C02. 

Distribution of radioactivity was deter- 
mined in the tissues of the cat and dog at the 
end of the 24-hour study (Table IV) . In gen- 
eral, liver, kidney, spleen and heart were 
found to contain traces of activity amounting 
to less than 1% of the total dose. Brain was 
uniformly inactive. Skeletal muscle, serum, 
and blood clots from the cat contained 258, 
323 and 1950 disintegrations per minute per 
gram wet weight of tissue in comparison with 
345, 97 and 0 respectively found in the dog 

used wliich was methanol : butanol :benzene :acetic 
acid: water, 1 : 1 : 1 : 1 : 1 run i n  an ascending manner 
through Wh2tman zc'o. 4 filter paper. 

FIG. 4. Autoradiograph of paper chromato- 
gram of pooled urine from mice injected with DL- 
Iiyd~osykynure~iine-keto-C~~. Spot 5 corresponds in  
Rf to D-liytlt.osvkyiiiireiiiii~ in the solvent system 
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samples. Total activity in these tissues could 
not be readily calculated due to sampling 
problems; however, from the above figures it 
seems that the blood of the cat contained con- 
siderably more activity than that from the 
dog. 

Discussion. The results presented show that 
the naturally occurring L-isomer of hydro'xy- 
kynurenine is very efficiently metabolized to 
CO? in contrast to the D-isomer. The small 
amount of Cl4OS appearing in the breath of 
animals given D-hydroxykynurenine might 
have arisen from traces of L-isomer in the 
preparation. However, it is more likely that 
this represents non-specific breakdown of the 
D-hydroxykynurenine of the same order of 
magnitude as observed in the studies of 
Hankes( 16) in which traces of C402 arose 
from administration of anthranilic acid-car- 
b0xy1-C~~ and o-aminoa~etophenone-keto-C~~. 
The large amount of radioactivity appearing 
in the urine of rats and mice given the D- 
isomer is most probably unmetabolized D- 
hydroxykynurenine, since paper chromato- 
grams and radioautographs of urine from 
animals given DL-hydroxykynurenine-C14 
showed that more than half of the activity 
was in the area of the D-isomer. 

In both rats and mice, the L-isomer was 
much more efficiently converted to quinolinic 
acid than the D-isomer. However, both iso- 
mers gave about the same amount of labeling 
in the nicotinic acid fraction. This observa- 
tion is difficult to rationalize in view of the 
much different labeling found in quinolinic 
acid. If quinolinic acid serves even indirect- 
ly as a precursor of nicotinic acid or the pyri- 
dine nucleotides( 17) then labeling in nico- 
tinic acid should have more closely followed 
the labeling in quinolinic acid. 

In comparing the 4 species studied, the 
mouse, rat, cat and dog all metabolized DL- 
hydroxykynurenine in grossly the same man- 
ner. The differences found in the per cent of 
the dose converted to urinary quinolinic acid 
are not of sufficient magnitude to offer an ex- 
planation of why cats are not able to convert 
tryptophan to niacin in amounts large enough 
to meet their dietary needs for niacin(7). 
Previous work by Suhadolnik et aZ(18) indi- 
cated that metabolism of hydroxyanthranilic 

acid was similar in cats and rats even though 
in vitro studies showed marked differences in 
the conversion of hydroxyanthranilic acid to 
quinolinic acid and picolinic acid. They con- 
cluded that the defect in cats in the conver- 
sion of tryptophan to niacin must be before 
hydroxyanthranilic acid, in agreement with 
De Castro et  at( 19) who observed lower lev- 
els of tryptophan pyrrolase in cat liver in 
comparison to that found in rats. The pres- 
ent data in which the metabolism of hydroxy- 
kynurenine was found to be similar in vivo 
in both species suggests that the primary dif- 
ference in cats probably lies prior to hy- 
droxykynurenine in the pathway from tryp- 
tophan to niacin. 

S U H Z ~ Q Y Y .  DL-hydroxykynurenine-keto-CJ4 
was synthesized and resolved into the D- and 
L-isomers. These were administered to rats 
and mice by intraperitoneal injection and uri- 
nary and respiratory radioactivity were meas- 
ured. L-hydroxykynurenine was rapidly con- 
verted to C02. Urinary quinolinic acid, nico- 
tinic acid and N-methylnicotinamide were iso- 
lated by carrier procedures and the radioac- 
t ivi ty measured. The L-hydr oxykynurenine 
was a more effective precursor of quinolinic 
acid than was the D-isomer; however, label 
in nicotinic acid was about the same from 
both isomers. D-hydroxykynurenine was not 
converted to C02 appreciably but was ex- 
creted probably unchanged in the urine. The 
metabolism of DL-hydroxykynurenine was 
compared in the rat, mouse, dog and cat and 
found to be generally the same with regard 
to CO, production, and urinary quinolinic 
acid production. No differences were observed 
between the cat and rats or dogs which would 
explain the inability of cats to utilize trypto- 
phan as a significant source of niacin. 
~~ 
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Bacteriophage Typing of Bacteriuric Escherichia coZi.* (30751) 

WILLIAM J.  BROWN^ AND JOSEPH T. PARISI~ (Introduced by C. D. Turner) 
Department of Biological Sciences, Duquesne University, Pittsburgh, Pa. 

Investigations of Escherichia GO& bacteri- 
uria in the last few years have shown that 
several serological strains, are responsible for 
the majority of urinary tract infections( 1,2,3, 
4) .  However, these studies have been based 
mainly on the 0 group antigens, and sero- 
logical identification is difficult to perform 
and time consuming. The purpose of this 
study was to determine the feasibility of iden- 
tifying bacteriuric E .  coZi with bacteri- 
ophages. 

Materials and methods. Cultures. Urine 
specimens were collected by the clean-catch 
method at  Mercy Hospital, Pittsburgh, Pa., 
and streaked on blood agar base (Difco) con- 
taining 5% human erythrocytes. Standard 
dilution loops were used to determine the 
quantitative bacterial count on the freshly ob- 
tained specimens. Representative colonies 
were picked from those plates containing 
100,~O or more colonies per ml of urine. Any 
plate showing mixed infection was discarded. 
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Biochemical tests were performed on the iso- 
lated cultures to ascertain that the organisms 
were E .  coZi(5). Stock cultures were main- 
tained by streaking the surface and stabbing 
the butt of tryptose blood agar base (Difco) 
slants. 

Isolation of phages. Attempts to isolate 
phages from E. G O Z ~  by Fisk’s method (6) were 
unsuccessful. Therefore, 10 ml quantities of 
raw sewage from the Allegheny County Sani- 
tary Authority, Pittsburgh, Pa., were inocu- 
lated into 90 ml of brain heart infusion 
(BHI) broth (Baltimore Biological Labora- 
tory) and incubated at  37°C for 26 hours. 
Cultures were then centrifuged at  3,0001 r.p.m. 
for 30 minutes and the supernatant fluids fil- 
tered through S1 Seitz filter sheets #6. To de- 
termine phage activity, various concentra- 
tions of filtrate and cultures of E. coli ob- 
tained from various sources were plated. 
Phage action was revealed by zones of com- 
plete or semi-complete lysis, or by discrete 
plaques. To  distinguish between phage activ- 
ity and colicin activity, the method of Bailey 
and Glynn( 7 )  was used and filtrates showing 
colicin activity were discarded. 

Purification and propagation of phages. 
Areas with discrete plaques were picked and 


