
Blocked Kynurenine Pathway 
of T iyptophan Metabolism 
in Hepatoma 

Tryptophan metabolism is related to 
nicotinic acid which, like several of the 
B-complex vitamins, is reduced in tumor 
tissues ( I  ) . The concentration of coen- 
zyme I (CoI) and coenzyme I1 (CoII) 
is relatively low in experimental and 
human tumors (2,3). The concentration 
of coenzyme I decreases continuously in 
the liver of rats that are fed with fl-di- 
methylaminoazobenzene (3). An increase 
in the reduced form over the oxidized 
form of coenzyme I was observed in Jen- 
sen sarcoma (4) .  The urinary kynurenine 
excretion was found to be high in cancer 
patients on high tryptophan diet (5). 
These observations suggest a disturbance 
in the tryptophan metabolism. 

Rats of the Fisher strain ( 6 )  and C3H 
No. 129 mice ( 7 ) ,  bearing transplanted 
hepatomas, were used in these investiga- 
tions (8, 9). Homogenates of normal 
liver, host liver, and tumor were used to 
determine the tryptophan peroxidase 
(TP) activity and kynurenine degrada- 
tion. Rat tumors were large, nonulcer- 
ated, containing necrotized parts, and the 
mice tumors were medium size. Only the 
nonnecrotized part of tumors was used. 
The homogenate was strained through 
cheesecloth before use. Knox and Mehl- 
er's method (10) was used to determine 
tryptophan peroxidase activity. 

Because the kynureninase spectropho- 
tometric method (10, p. 242) was found 
unsatisfactory for our purpose, the fol- 
lowing procedure was used in determin- 
ing kynurenine degradation. Fresh tissue 
was homogenized with cold 0.067M phos- 
phate buffer at PH 7.5 (1 g of tissue/2 ml 
of buffer); 0.2 ml of homogenate was 
added with 0.4 ml of buffer, 0.2 ml of 
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pyridoxal phosphate (0.1 mg/ml), and 
0.2 ml of 0.02M kynurenine. The tissue 
blanks consisted of 0.2 ml of additional 
buffer instead of kynurenine; the control 
had 0.2 ml of additional buffer instead of 
tissue homogenate. 

Two sets of tubes were prepared for 
each type of mixture. One set was inacti- 
vated after 5 minutes by adding 2.5 ml 
of a mixture of ethanol and acetic acid, 
(9 parts of alcohol/l part of glacial 
acetic acid). The second set was incu- 
bated for 2 hours under N, at 37OC, then 
inactivated in the same way as the first 
set. 

The deproteinized, incubated and non- 
incubated samples were centrifuged, and 
2 ml of the supernatant was evaporated 
on a steam bath. The residue was dis- 
solved in 1 ml of 95-percent alcohol. 

The mixture of alcohol and residue 
was centrifuged, and 0.25 ml of the su- 
pernatant was spotted over a quarter-inch 
area, using Whatman No. 1 chromato- 
graphic strips, 1 by 20 in. Evaporation of 
the sample was hastened by means of in- 
frared heat over an atmosphere of nitro- 
gen. 

The strips, attached to glass rods with 
nonstaple paper fasteners, were devel- 
oped by descending chromatography for 
24 hours in a *Chromatocab ( I1  ) (Fig. 
1 ) . The solvent used was water-saturated 

butanol. After they had been dried in a 
fume hood, the chromatograms were 
sprayed with 0.25-percent ninhydrin in 
water-saturated butanol and heated in an 
oven for 15 minutes at 75OC. 

The mean value of tryptophan per- 
oxidase activity, expressed in micromoles 
of kynurenine per gram of dry tissue, per 
hour, was found to be 2.00 for normal rat 
liver, 3.91 for rat host liver, and 0.29 for 
the rat hepatoma. In the mouse, the fig- 
ures were 5.20 for normal liver, 3.1 1 for 
host liver, and 0.00 for the hepatoma. 
In normal liver, the added kynurenine 
disappears before incubation (chromato- 
gram No. 4). 

The ninhydrin-reacting substances 
formed through degradation of kynure- 
nine appear only after incubation (chro- 
matogram No. 5 ) .  

Immediate disappearance of kynure- 
nine may be explained by combination 
with pyridoxal phosphate under the cata- 
lytic action of normal liver homogenate. 
This eventual combination is absent in 
tumor homogenates (chromatogram No. 
8) .  The enzyme responsible for the dis- 
appearance of kynurenine in normal liver 
homogenate is under investigation. 

I t  seems that, during incubation, sub- 
stances that react with ninhydrin are pro- 
duced from kynurenine as it disappears. 
This reaction results in further trans- 
formation of ninhydrin-colorless com- 
pounds, probably by transamination with 
keto acids that are present or are formed 
during incubation; it also results in ala- 
nine formation (kynureninase action). 
Wiss reported kynurenine transamination 
(12) and alanine formation (13). 

Only a small amount of ninhydrin-col- 
ored products is produced after incuba- 
tion of normal liver in the absence of 
kynurenine (chromatogram No. 3). 
Neither ninhydrin-colorless nor ninhy- 
drin-colored products are produced in 

Fig. 1. Anaerobic kynurenine degradation in normal liver and transplanted hepatoma 
of the rat. 1, Kynurenine control without homogenate, incubated; 2, normal liver con- 
trol, nonincubated; 3, normal liver control, incubated; ', normal liver added with ky- 
nurenine, nonincubated; 5, normal liver added with kynurenine, incubated; 6, hepatoma 
control, nonincubated; 7, hepatoma control, incubated; 8, hepatoma added with ky- 
nurenine, nonincubated; 9. hepatoma added with kynurenine, incubated. All samples 
were added with pyridoxal phosphate. The incubation time was 2 hours under Nz. The 
nonincubated samples were inactivated 5 minutes after kynurenine was added to the 
homogenate mixtures. 
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appreciable amount in incubated tumor 
homoacnate, whether or not the homo- 
genate is added to kynurenine (chro-
matograms No. 7 and No. 9 ) .  

The blockage of the ring opening and 
the blockage of the steps following the 
kynurenine pathway of tryptophan me-
tabolism, reported here, indicate, in tu- 
mors, a marked decrease of tryptophan 
metabolism via kynurenine. h similar 
blockage of the ring opening \vas ob-
served for histidine in hepatomn (14) .  
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Eastern Equine Encephalomyelitis 
Virus Isolated from Three 
Species of Diptera froni Georgia 

The virus of eastern equine encephalo- 
myelitis has been isolated from Diptera 
four times since Kelser demonstrated 
that clcdes acgypti could transmit the 
virus in 1933. Thc significance of these 
isolations has been obscured by the dif- 
ficulty in demonstrating experimental 
transnlission with the spccies involved 
( I  ). Few would consider a species of 
inscct a natural vector of a virus unless 
the virus could be isolated frorn it dur- 
ing an epizootic and unless thc virus 
could also be transmitted experimentally 
by it. 

The virus of eastern equine enccphalo- 
myelitis was isolated from pools of three 
dipterans: Aedes mitchellae (Dynr),  
Anobhcles crucians Wiedemann. and an 
unknolrn species of Culzcoides that \yere 
captured in southern Georgia in July 
1956 (2 ) .  The isolation from Ardes  mi t -  
chellae is probably most significant for 
species of this genur of mosquitoes have 

been eiTec~i~eexperimental vectors of 
the virus ( 3 ) .  Chamberlain et al. ($)  
determined the threshold of infection. 
the transmiv,im rate, and the infection 
rate of 20 species of mosquitoes. Excel- 
lent vector potentials \+ere shown by 
three specie\, all bcloneing to the genus 
Acdes. Anopheles crucians \+as rated 
poor. Culicozdcs werc not tested. 

The mosquitoes and ~ n i c l o , ~ ~  were col- 
lected in modified Next Jersey type light 
traps on farms where horscs had eastern 
equine encephalomyelitis (5). 'The live 
insects \vere anevthetized by chloroforin 
and identified as to species in thc cast. 
of mosquitoes and to genus in the casc 
of Culicoides. Pools of one to 20 indi-
viduals wcri: immediately ground in 'Tcn 
Broeck tissue grinders with 1 rnl of 
sterile, distilled water containing 5000 
international units of penicillin with 5 
mg of streptomycin. The resultant sus-
pensions were centrifuged, and the super- 
natant fluids were inoculated into the 
allantoic chamber of %day embryonated 
chicken eggs, six eggs usually being used 
per inoculum, and each egg receiving 0.1 
ml of fluid (6 ) .  Following inoculation, 
the eggs \\.ere incubated at a temperature 
of 55OC for 8 days. Allantoic and arn-
niotic fluids Ivere harvested from all em- 
bryos that died within this period and 
tested for bactcrial contamination on 
nutricnt agar and in thioglycollate broth. 
E-Iarv~sts thnt appearcd to be bactcrio- 
logically sterile were inoculated in fur- 
ther series of eggs. Isolates were sent to 
our laboratory in IVisconsin, where they 
were ideiltified by titration with and 
\vithout specific antiserurn. 

Thc pool oi Aede.5 mitclzellac from 
tvhich virus was isolated was collected 
on 28 July from a farm ncar thc tolvn 
of Patterson in Pierce County. Eastern 
equine encephalomyclitis virus was iso-
latcd from the brains of t~vo  horses on 
this farm. The pool of Anoplzeles cricians 
was collected 30 July, on a farm in Ap- 
pling County. The Culicoides frorn which 
the isolation was made were collected 28 
July on a farm in Wayne County. Virus 
was recovered from a horse on this farm. 
The isolation history is given in Table 1. 

The initial inoculum of the infected 
insect tissue ltillcd half or more of the 

Table 1. Isolation 

c~nbryos after an unusually long incuha- 
tion period of 69' to 144 hours. 'The 
period Tvas rcduced in the second or 
third passages to the characteristic time 
of 18 to 23 hours. The culture from 
Anopheles took four passages before all 
embryos were killed, and during. this 
period the virus appeared to be sensitive 
to the effect of dilution and to freezing 
and thawing. Virus diluted in broth alone 
had a titer of loL5 as compared \vith 
its titer of 105,s when it was diluted in 
normal serum and broth. Thc adaptcd 
virus of the third or fourth passnge of all 
:!I:-e isolates posscsscd an ernbrl-o lethal 
titer of 1O5.Vo 10"? Specific eastern 
cquinc cncephalornyclitis antiserums pre- 
lxred in chic!ccns neutralized 101.7 to 
102."D,, of virus. Normal chicken 
serums and western equine encephalo- 
myelitis antiserums did not neutralize the 
isolates. 

All three dipterans from which the iso- 
lations were macle are common in 
Georgia but are not widely distributed 
in other parts of the United States ( 7 ) .  
Aede.7 Tnitchellae seems to be limited 
largely to the Atlantic and Gulf coastal 
plains, but, unlike its salt-marsh relative 
Aedes .roJlicitansi it brccds in fresh-lvater 
pools. Adults and larvae are scen through- 
out the year in southern Georgia. The 
range of Anopheles crucians is similar to 
that of Aedes mitchellae, but it extends 
further north and south, having been re- 
ported from Massachusctts and Ccntral 
America. Its greatest abundance is 
reachcd in the cyprcss swamps of 
Georgia and Florida, lvhcre the larvae 
thrive in the acid waters of thc slvamps. 
Fcrnalc Anopheles crucians are indistin- 
guishablc from A. bradleyi and A .  georgi- 
anus. Culicoides are prcvalent along the 
eastern seaboard in the tidelvater coun-
tics nherr  outbreaks of eastern equine 
encephalomyelitis have occurred most 
frequently. 

Although nothing has becn published 
about C~ulzcoidcrand cquine encephalo- 
myelitis virus, the kector efficiency of 
the genuc has been demonstrated for the 
blue tongue virus of shecp, and Culi-
coidcs arc reported to transmit African 
horse sickness and fowl pox viruses ( 8 ) .  
Kobcrt Levi-Castillo of the Public 

and identification. 

Passage history 

First Second Third Neutralization 
Source 

Mor- Incu- Mor- Incu- Mor- Incu- Titra-
tality bation tality bation tality bation EEE WEE N 
(No.) (h r )  (No.) (hr)  (No.) (h r )  

Aedes mitchellae 3/6 144-180 2/3 40-72 3/3 18-22 5.2 1.7 0 0 
Culicoides spp. 4/6 136-180 2/3 23 6.2 2.7 
Anophelescrucians 3/3 69-144 4/20 24-96 1/10 24 5.8% 2.8 0 * 

~ 	 -

" Titer with normal serum; see text. 
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