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Extract divloid fibroblast (W1-38 cells) and the virus was identified as 
HVH type 1 (HVH-1) by D;. AndrB J. Nahmias of Emory 

The rabbit model of Herpesvirus horninis (HVH) encepha- University. 
litis was utilized to determine whether thymidine (TdR) kinase 
(EC. 2.7.1.2.1), an early enzyme in the HVH replicative cycle, CELL CULTURE 
is present in the cerebrospinal fluid (CSF) of rabbits with HVH 
encephalitis. The mean TdR kinase activity in CSF from W1-38 human diploid fibroblasts were maintained in Eagles 
infected rabbits was 2.30 f 1.69 pmol product/l20 min/100 pl minimum essential medium (Eagle's MEM) which contained 
CSF, while the mean TdR kinase activity of uninfected CSF 2% fetal calf serum, NaHC03 30 mEq/liter, penicillin 250 
was 0.34 + 0.25. The enzyme appeared to be cell associated units/ml, streptomycin 200 pg/ml, polymyxin 12.5 units/ml, 
since the TdR kinase activity in the sedimented cell suspension and chlortetracycline 25 pg/ml. 
was 5.08 f 2.93 (seven values) while the supernatant activity Monkey kidney (BGM) cells, an established line of epithelial 
was 0.14 + 0.31 (seven values). To allow a comparison of TdR cells derived from green monkey kidneys, were grown in 
kinase from infected rabbit CSF with HVH and rabbit 32-ounce Brockway bottles and maintained with Eagle's MEM 
mononuclear cell TdR kinase, the mean ratio of TdR kinase as described above, and used for i n  vitro thymidine kinase 
activity at pH 6.0/pH 8.0 was calculated. The mean ratio of production. 
thymidine kinase activity, pH 6.0/pH 8.0, for infected rabbit 
CSF is intermediate between the ratio for HVH TdR kinase (P VIRUS ISOLATION < 0.001) and rabbit mononuclear cell TdR kinase (P < 0.05). 

Brain tissue was removed within 12 hr after rabbits died and 

Speculation placed in collecting media which consisted of Eagle's MEM, 3% 
fetal calf serum, 1.0 M Tris buffer, pH 7.0, amphotericin B 5 

The presence of TdR kinase in CSF from HVH-infected pglml, penicillin 500 units/ml, polymyxin 25 unitslml, 
rabbits with biochemical properties intermediate between chlortetracycline 50 pg/ml, and stregtomycin 400 pg/ml. The 
HVH and mononuclear cell TdR kinase suggests that abortive brain tissue was then frozen at -70 until attempts to  isolate 
HVH infection occurs in CSF mononuclear cells during the virus were carried out. TO isolate the virus from brain tissue, 
course of HVH encephalitis. the brain specimens were thawed and immediately macerated 

with a Tenbrock tissue grinder and the suspension was 
inoculated into W1-38 cells (0.3 ml/tube). Adsorption was 

Herpesvirus horninis is rarely recovered from the CSF of carried out for 60  min, and the medium was exchanged. 
patients with HVH encephalitis, and the isolation of H V ~  Cultures were then observed for cytopathogenic effect (CPE) 
from brain tissue specimens is usually necessary to make a daily for 7-10 days. HVH was identified by the appearance of 
definite diagnosis (1, 3, 8, 11, 17). Since intact infectious its characteristic CPE 1-3 days after inoculation. The CSF 
HVH is so infrequently recovered from the CSF, we have specimens were frozen at -70 until they were thawed and 
elected to search for a nonvirion product of HVH replication inoculated (0.2 ml/tube) onto W1-38 cells and observed for 
in the CSF. HVH thymidine kinase was chosen because it is a CPE as described previously. 
nonvirion protein, an early enzyme in the HVH replicative 
cycle, and an enzyme which has had some of its biochemical ENZYME 
properties established (4-6, 10). The rabbit model of HVH 
encephalitis was utilized to evaluate some of the quantitative An extract containing thymidine (TdR) kinase activity was 
and qualitative aspects of this enzyme in CSF of infected prepared using HVH-1 strain 0-1 116 which had been "pas- 
rabbits. saged" in W1-38 cells. Each 32 ounce Brockway bottle con- 

taining a confluent sheet of BGM cells was infected with 2 5 
MATERIALS AND METHODS lo6 TCID5 HVH 0-1 116 and incubated for 20-40 hr at 37 . 

The culture medium was then removed, the infected cells were 
VIRUS washed with Eagle's MEM and the enzyme was released from 

cells by freezing and thawing. The resulting cell suspension was 
Herpesvirus hominis, designated strain 0-1 1 16, was isolated centrifuged at 2000 X g for 30 min oand the supernatant was 

from a brain biopsy specimen of a 15-year-old boy with HVH decanted, pooled, and frozen at -70 until TdR kinase assays 
encephalitis. Original isolation was performed in human were performed. 
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THYMIDINE KINASE ASSAY cells/mm3. seizures were common. temperature elevation was 

The method of Ives et  al. (9) was used with some 
modifications. The reaction mixture contained ATP 25 mM, 
MgC12 12.5 mM, Tris-maleate buffer 250 mM, 2-[14c] thymi- 
dine 80 pM (specific activity 57 mCi/mmol) at pH 6.0, 7.0, or 
8.0. Reaction mixture (25 p1) plus 100 p1 sample (infected 
rabbit CSF, negative control rabbit CSF, positive control 
HVH-1 enzyme, or rabbit mononuclear cell:) wer5 mixed 
together in the cold before incubation at 37 for 120 min 
(final concentration of reagents: ATP 5 mM, MgC12 2.5 mM, 
Tris buffer 50 mM, 2 4 '  4 ~ ]  thymidine 19 pM). The zero time 
assays contained 100 pl sample which had boiled for 2 min 
and cooled before the addition of 25 pl reaction mixture. Zero 
time reaction mixtures were then incubated inoparallel with 
the 120-min reaction time samples at 37 . After the 
incubation period, all tubes were boiled for 2 min. The 
supernatant (10 pl) was then applied to 2 cm SB-2 resin-loaded 
ion exchange paper (18) in duplicate. The discs were then 
washed in 0.0001 M ammonium formate on a model 3623 
Thomas rotating apparatus for 20 min in 1,000-ml beakers 
(8-10 discs11 50 ml). The ammonium formate was changed 
once during agitation. The discs were then removed, dried, and 
placed in plastic liquid scintillation vials which contained 15 
ml scintillation mixture (13) p-bis-(0-methylstyry1)-benzene 
3.42 g, 2-(4-t-butylphenyl)-5-(4-biphenylyl-l,3,4-oxadiazole) 
34.2 g, and 2,6-di-t-butyl-l,4-methylphenol in 3.8 liters 
toluene) and counted for at- least 8,000 counts/vial in a 
Packard Tri-Carb liquid scintillation spectrometer. The count- 
ing efficiency in this system is 60%. The thymidine kinase 
activity is expressed either as picomoles of thymidine 
phosphorylated per minute per liter X lo6  white blood cells 
(WBC) or picomoles of thymidine phosphorylated per 120 
min/100 p1 sample. In the present assay system, 1 pmole 
thymidine phosphorylated/unit time represents a difference of 
125 dpm between the zero time incubation tube and the 
experimental tube; only results with a difference of 375 dpm 
(3 pmol thymidine phosphorylated/unit time) between zero 
time tube and experimental were accepted. 

MONONUCLEAR CELLS 

Mononuclear cells were separated on a Ficoll Hypaque 
gradient as described by Boyum (3). With this procedure, the 
preparation contained 90-95% mononuclear cells. The TdR 
kinase was released from the cells by freezing and thawing the 
cell suspension and was sedimented at 2,000 X g in a 
refrigerated centrifuge. Theo supernatant was removed, ali- 
quoted, and frozen at -70 until TdR kinase assays were 
performed. 

R A B B I T S  

present in all animals, and HVH was notrecovered from any of 
the CSF specimens from infected rabbits. 

The CSF specimens from 10 uninfected rabbits and 7 
rabbits with HVH-I encephalitis, documented by recovery of 
HVH-1 from brain tissue, were assayed for TdR kinase activity 
at pH 6.0. The mean TdR kinase activity in CSF from infected 
rabbits was 2.30 * 1.69 pmol thymidine phosphorylated/l20 
min/100 p1 CSF, whereas the mean TdR kinase activity of 
uninfected rabbit CSF was 0.34 + 0.25. The difference is 
statistically significant at P < 0.01. The TdR kinase activity in 
infected rabbit CSF was most reliably detected when the 
mononuclear cell count/mm3 was 500 or greater (Fig. 1). 
When these values utilizing >375 dpm difference are used, 
there is a direct relation between TdR kinase activity and WBC 
per cubic millimeter. 

To determine this relation, the TdR kinase activity in CSF 
from infected rabbits was confined to the cellular portion, 
CSF from seven infected rabbits was centrifuged at 2,000 X g 
for 20 min, and TdR kinase assays were performed on the 
sedimented cell suspension and the supernatant. Enzyme 
activity in the sedimented cell suspension was 5.08 * 2.93 
(seven values) while the supernatant activity was only 0.14 + 
0.3 1 (for seven values), a difference which was significant at P 
< 0.001. Two possible explanations for the localization of 
TdR kinase to the cellular fraction of the CSF were considered 
and evaluated. (1) The TdR kinase activity represents the TdR 
kinase normally present in mononuclear cells which responds 
to an inflammatory process (14). (2) The TdR kinase activity 
represents TdR kinase induced by HVH-1 in mononuclear 
cells. To evaluate the source of TdR kinase in CSF, the pH op- 
timum was utilized to differentiate HVH-1 from mononuclear 
cell TdR kinase. The pH optima of the two TdR kinase 
preparations were evaluated at pH 6.0, pH 7.0, and pH 8.0 
(Fig. 2). The HVH-1 TdR kinase had maximal activity at pH 
6.0, whereas the mononuclear cell TdR kinase had maximal 
activity at pH 8.0. 

To evaluate the effectiveness of measuring TdR kinase at pH 
6.0 and pH 8.0 to differentiate HVH-1 TdR kinase from 
mononuclear cell TdR kinase, pooled concentrated CSF 
specimens from three groups of HVH-I-infected rabbits were 
utilized. There were 18 rabbits in the three groups and HVH 
was recovered from the brain tissue of 17. Seven sets of pooled 
CSF specimens were obtained from the three groups 9-17 
days after inoculation of the cornea with HVH-1. The WBC 
and TdR kinase activity of these specimens is presented in 
Table 1. The WBC in the pooled concentrated CSF specimens 
ranged from 498/mm3 to 2,776/mm3 and the mean activity of 
TdR kinase at pH 6.0 was less than the mean specific activity 
at pH 8.0. When these results are compared with the data from 

The rabbit model of HVH-1 encephalitis has features which I x lo2 WHITE B L O O D C E L L S / ~ ~ ~  
are similar to our experience with HVH-1 encephalitis in Fig. 1. Comparison of thymidine kinase activity at pH 6.0 with 
children. The mononuclear cell counts ranged from 100-500 cerebrospinal fluid white blood cell count. 

Encephalitis was produced in 8-10-week-old New Zea- 
land White rabbits by abrading the cornea and inoculating each 

2 
I a 

eye with lo3  -lo4 TCIDso of HVH-1 0-1 116. The neuroviru- '0 8 -  
lence of the virus was enhanced by repeated intracerebral LL 

V) 

inoculation of rabbits and recovery in W1-38 cells. The rabbits 0 - 7 -  
utilized in this study were infected by corneal inoculation and rc 
developed encephalitis 5-7 days after inoculation and had O 6 -  0 

\ 

either died or were killed by the 21st day. .c: 5 - 
E 

The CSF specimens from uninfected and HVH-1-infected 
rabbits were collected by cisternal puncture. Immediately after 4 -  

: 
collection, the CSF specimens were placed on ice, an aliquot g 3- 

-a 
was removed for a pononuclear cell count, and the remainder e, 2 -  
was frozen at -70 until the specimen was assayed for TdR 
kinase and HVH. 

.- 
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Table 2. Comparison o f  ratio of thymidine kinase activity at 
pH 6.OlpH 8.0 from infected rabbit cerebrospinal fluid (CSF) 

with thymidine kinase activity from peripheral blood 

Y 
rnononuclear cells and herpesvirus hominis type 1 (HVH-I)' 

1.0- 
- (TdR kinase at pH 6.0) 

.c 
0.8 -08 2 Source (no. values) (TdR kinase at pH 8.0) 

- I 
'-, 0.6 -0.6 % HVH-1 (11) 2.31 + 0.95= 
). - .- 

Z .- .- Infected rabbit CSF (7) 0.80 + 0.302 
.$ 0.4 0.4 ,z 
U 0 

Peripheral blood mononuclear cells (4) 0.41 k 0.052 

0.2 to.2 ,h 
% ' Difference between HVH-1 and infected rabbit CSF was statistically 

a 
0. 

m 
. a  significant at P < 0.001 while difference between infected rabbit CSF 

(0 07 
6 0  7 .O 8.0 and peripheral blood mononuclear cells are significant at P < 0.05. 

2Mean thymidase kinase specific activity + SD. 
Fig. 2. Thymidine kinase activity of lymphocyte (white blood cells) 

and herpesvirus hominis type 1 (HVH-I) at pH 6.0, 7.0, and 8.0. *: 
picomoles of thymidine phosphorylated per liter X lo6 white blood 
cells/min; t : picomoles of thymidine phosphorylated per microgram of 
protein per minute. o: HVH-1 thymidine kinase (TdK) activity; 0 :  

rabbit lymphocyte thymidine kinase activity. 

Table 1. Comparison of thyrnidine kinase specific activity of 
herpesvirus hominis-infected rabbit cerebrospinal fluid (CSF) 

rnononuclear cells with rabbit peripheral blood 
mononuclear cells 

Thymidine kinase specific activity1 

White blood cells/mm3 pH 6.0 pH 8.0 

Infected rabbit CSF 
498 
528 
2,776 
838 
2,198 
768 
868 

Rabbit peripheral blood 
mononuclear cells 
3,865 
512 
1,576 
1,296 

'Thymidine kinase specific activity expressed as picomoles of 
thyrnidine phosphorylated/min/l X lo6 white blood cells. 

Mean thymidine kinase specific activity (+ SD). 

peripheral rabbit mononuclear cells, two differences are noted. 
The mean TdR kinase specific activity of 0.64 from infected 
rabbit CSF at  pH 6.0 is greater than the TdR kinase specific 
activity of 0.38 from peripheral rabbit mononuclear cells at 
pH 6.0 (P < 0.05). At pH 8.0 the mean specific activity of the 
two TdR kinase preparations is the same. These results 
indicate that the CSF from infected HVH rabbits contains 
TdR kinase with biochemical properties which are different 
than that of mononuclear cell TdR kinase. 

To allow a comparison of TdR kinase from infected rabbit 
CSF with HVH-1 and peripheral rabbit mononuclear cell TdR 
kinase, the mean ratio of TdR kinase activity at pH 6.0/pH 8.0 
was calculated (Table 2). With this method of expressing the 
pH optima, the mean ratio of thymidine kinase activity pH 

with the induction of HVH-1 TdR kinase in CSF of 
mononuclear cells. Other possible explanations for these 
results are (1) mononuclear cells undergoing blastogenic 
transformation and (2) contamination of CSF with peripheral 
blood mononuclear cells. To evaluate these possibilities, TdR 
kinase activity from mononuclear cells of infected rabbits and 
uninfected rabbit mononuclear cells stimulated with phyto- 
hemagglutinin (PHA) was determined at pH 6.0 and pH 8.0. 
The ratio of TdR kinase activity pH 6.0/pH 8.0 for peripheral 
blood mononuclear cells from infected rabbits was 0.41 and 
the ratio for PHA-stimulated mononuclear cells was 0.30. 
These results indicate that the TdR kinase from rabbits with 
HVH-I encephalitis has biochemical properties which are 
different than the TdR kinase of HVH-1 and peripheral rabbit 
blood mononuclear cells. In addition, the difference does not 
appear to be the result of blastogenic transformation of 
mononuclear cells or contamination of CSF specimens with 
blood mononuclear cells. 

DISCUSSION 

The presence of TdR kinase in CSF from HVH-1-infected 
rabbits with properties intermediate between HVH-I and 
mononuclear cell TdR kinase suggests that HVH-1 TdR kinase 
is produced during the course of HVH-1 encephalitis. The site 
of HVH-1 TdR kinase production in this system appears to be 
the mononuclear cell and is consistent with the observation 
that HVH can replicate in leukocytes (12). However, in the 
HVH leukocyte system, HVH replication occurred only when 
the leukocytes were stimulated with PHA. Since HVH is rarely 
recovered from CSF, it is possible that central nervous system 
leukocytes can not support productive HVH infection and 
only abortive HVH infection occurs. The presence of TdR 
kinase, in CSF with properties intermediate between HVH-1 
TdR kinase and mononuclear cell TdR kinase is consistent 
with a composite of HVH-1 TdR kinase, produced during an 
abortive infection in mononuclear cells and mononuclear cell 
TdR kinase from cells responding to the inflammatory process. 

If nonvirion products of HVH replication are present in the 
CSF with greater frequency than virion products of HVH 
replication during the course of HVH encephalitis it may 
explain the paucity of positive results that have been obtained 
with virus isolation from CSF (1, 3, 8, 11, 17) and 
demonstration of HVH antigen in CSF with indirect immuno- 
fluorescent procedures (7, 16). It appears that a more 
appropriate diagnostic approach would be the detection of 
early nonvirion products of viral replication in CSF utilizing 
either sensitive enzyme assays or immunologic procedures. 

6.0/pH 8.0 for infected rabbit CSF is intermediate between 
the ratio for HVH-1 TdR kinase (P < 0.001) and rabbit 

SUMMARY 

mononuclear cell TdR kinase (P < 0.05). The presence of TdR The diagnosis of HVH encephalitis in man is difficult to 
kinase in the CSF with activity at pH 6.0 relatively greater establish unless the virus is either recovered from brain tissue 
than that of uninfected rabbit mononuclear cells is consistent or CSF. Because HVH is so infrequently recovered from CSF 
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we have chosen to determine whether TdR kinase, an early 
enzyme in the HVH replicative cycle, is present in the CSF of 
rabbits with HVH encephalitis. The rabbit model of HVH 
encephalitis was utilized to evaluate this hypothesis and to 
partially characterize the CSF TdR kinase. 

Infected rabbit CSF contained significantly more TdR 
kinase than uninfected rabbit CSF and the enzyme activity 
was optimal at a pH intermediate between the optimal pH for 
either HVH or rabbit mononuclear cell TdR kinase. These 
data suggest that abortive HVH infection occurs in CSF 
mononuclear cells during the course of HVH encephalitis and 
that detection of this early enzyme in CSF could be utilized to 
provide indirect evidence of HVH central nervous system 
infection. 
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Extract 

Four protein dietary groups of rats were used in this study, 
namely: 27% casein diet fed throughout gestation and 
lactation (group C-C); 27% gestation, 10% lacta'tion (group 
C-D); 10% gestation, 27% lactation (group D-C); 10% 
throughout gestation and lactation (group D-D). Mean body 
weight of group D-D at weaning was 19 g compared with 59 g 
for group C-C. 

The specific activity of ~ a + - K + - ~ ~ p a s e  in isolated syn- 
aptosomes from cerebral and cerebellar tissues increases 
throughout the lactation period. At 1 and 7 days of age no 
differences in N ~ + - K + - A T P ~ s ~  activity are noted in the brain 
regions of Groups C-C and D-D. At 14 and 21 days, however, 
the specific Na+-K+-ATPase activity was significantly reduced 
in isolated synaptosomes from both brain regions of the 
protein-deprived group. ATPase activity in cerebellar syn- 
aptosomes from dietary exchange groups (C-D and D-C) 
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