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without complementing reagents. I t  appears 
that thrombokinase can activate prothrombin 
unaided by other factors ( 5 ) . But thrombin 
is produced much faster i f  the system is com- 
plemented by platelets or cephalin, provided 
that ionic calcium is also added. Production 
of thrombin is further accelerated by the se- 
rum reagent. Together, these reagents enor- 
mously magnify the effect of kinase. \Then 
minute amounts of kinase are assayed in this 
system, serious uncertainties are involved ( 2 ) . 
Therefore, it is of interest that assays in this 
complex system paralleled those with osalated 
prothrombin : although the former system was 
2500 times as sensitive. 

Tn some respects. thrombokinase resembles 
trypsin. which also can activate prothrombin 
in presence of oxalate. TAJle is a good sub- 
strate for trypsin(6) : and others have antici- 
pated the possibility that T,431e might be a 
substrate for natural activator of prothrombin 
( 7 ) .  The present results suggest that TAJle  
may well be a substrate for thrombokinase; 
but more detailed study of this point is de- 
sirable. 

Sunzmayy . Thrombokinase prepared from 
bovine plasma was further purified by con- 
tinuous flow paper electrophoresis. Thrombo- 
kinase was assayed by its capacity to activate 
prothrombin in the presence of oxalate, and 
also by production of thrombin in a system 
containing prothrombin, cephalin, calcium 
and bovine “barium carbonate serum.” 
Curves of these 2 assays were similar and 
formed a peak ahead of the thrombin peak. 
TANe  esterase activity appeared in 2 peaks 
which corresponded respectively to thrombin 
and thrombokinase peaks. 
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Genetics of Human Cell Lines I. 8-Azaguanine Resistance, a Selective 
“Single-Step” Marker.* (25053) 

?VACLAW SZYBALSKI AND 11. J O A N  SMITH (Introduced by Vernon Bryson) 
I m t .  of Microbiology, Rutgers State University, N e w  Brunswick, N .  J .  

From the methodological point of view. the 
mammalian cell grown in ~ l i t ro  can be re- 
garded as a unicellular microorqanism. Thus. 
methods developed for quantitative work with 
microbes can be adapted to the genetic study 
of human cells, provided suitable selective 
markers are available. Plating and colony- 
counting technic, so useful for assay of viable 
microbial cells, was introduced into tissue cul- 
ture methodology by Puck et aZ.( l ) .  Our 
purpose was to find a suitable mutational sys- 
tem for mammalian cells in which, under se- 
lective conditions, mutant cells survive and 
form well developed colonies while parental 

* This investigation was supported by Research 
Grant No. 3492 of U. S. Public Health Service, Nat. 
Inst. of Health. 

_ _ _ _ _ _ _ _ ~  - 

population is completely inhibited or elimi- 
nated. Mutation from 8-azaguanine (AG) 
sensitivitv to resistance satisfied the foregoing 
criteria( 2 ) .  Rloreover, the property of 8- 
azaguanine resistance appears to be an excel- 
lent genetic marker, since i t  is not associated 
with modifications in morphological or cul- 
tural characteristics of cells either in presence 
or absence of the selective agent. 

Materials and methods. Strain Detroit-98 
(D98) ,  derived from human sternal marrow 
by Berman and Stulberg(3), was kindly sup- 
plied by Dr.  H. Moser of Cold Spring Harbor 
Labs. A single-cell-derived clone D98S 
was used throughout these studies. Media. 
The basic medium was essentially that de- 
scribed by Eagle(4), containing 10% com- 
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plete horse serum. Sterilization was ef- 
fected by filtration through Selas No. 2 fil- 
ter. Cultivation and plating procedures. The 
methods were based on those developed by 
Puck et al. (1)  and adapted for strain D98 by 
Moser and Tomizawa( 5 ) .  Cells were grown 
on glass surface of 60-mm Petri dishes a t  
37°C in 510% COY atmosphere. The inocu- 
lum was prepared from a 3- to 6-day-old cul- 
ture of vigorously growing cells, washed se- 
rum-free with balanced salt solution before 
detachment and dispersion in the same solu- 
tion containing 0.25% pancreatin (Nutri- 
tjonal Biochemical Corp., Cleveland) I: 5-min- 
ute incubation at  37°C followed by gentle 
manual shaking). The action of pancreatin 
was terminated by addition of serum-contain- 
irig medium, after which the cell suspension 
was filtered aseptically through fine cheese- 
cloth to remove any cell clumps. The cell 
density of this essentially monodispersed sus- 
pension was assayed in a hemacytometer. 
For colony counts, cells appropriately diluted 
in 5 ml of serum-containing medium were 
plated and incubated 6 to 1 2  days, with a 
complete medium change every 2 to 3 days. 
Growth was assayed either by counting and 
measuring colonies or by protein determina- 
tion. Protein determination is based in part 
on protein staining method of Durrum(6) 
and its modifications for electrophoretic ( 7)  
and cytochemical ( 8) purposes. Adaptation 
of these methods for quantitative protein de- 
termination in mammalian cell cultures, sug- 
gested by Dr. A. W. Kozinski of this labora- 
tory, permits determination of total protein 
without disturbing colonies on the glass. Thus 
a colony count may be performed on the 
same plate after completion of protein deter- 
mination. The assay is based on spectro- 
photometric determination of broniphenol 
blue selectively bound by the protein com- 
ponent of HgC12-fixed cells and subsequently 
eluted with alkaline acetone. The procedure 
consists of: ( 1 ) thorough washing of glass-at- 
tached cells with balanced salt solution to re- 
move all serum proteins; (2) 15-minute stain- 
ing at  37°C with aqueous solution contain- 
ing 0.1 % bromphenol blue and 5% HgC12; 
(3) three consecutive washes with 0.5% ace- 
tic acid each lasting 6 minutes; (4) quantita- 

tive elution with 3-ml portions of aqueous ace- 
tone (20 ml acetone 0.2 m’l 10 N NaOH, 5 
ml water, freshly prepared) ; ( 5 )  adjusting 
the collected extracts to 10-ml volume and 
measuring optical density ,at 595 mp wave 
length against a blank prepared similarly 
from cell-free plate preincubated with serum- 
containing medium. The actual amount of 
cell protein/plate is ascertained from prede- 
termined calibration curves. The same pro- 
cedure was also used for cell suspensions, 
with centrifugation as an added step. Col- 
ony count. After fixation in Bouin’s fluid or 
after protein determination, colonies were 
stained with Giemsa solution. The dry dishes 
were then inserted into a projector (Bausch 
& Lomb, “Tri-Simplex” micro-projector) , and 
well-focused images of colonies were scored 
by an electronic counter (built by Philip D. 
Mintz of this laboratory). 

When above procedures are fol- 
lowed, strain D98S exhibits a consistent plat- 
ing efficiency of greater than 0.6, i.e., over 
601% of microscopically assayed cells give 
rise to well defined colonies (Fig. I ) ,  which 
can easily be counted, providing their number 
does not exceed 5000jplate. Above this fig- 
ure, colonies coalesce, and total protein syn- 
thesis after 14 days’ incubation becomes less 
than proportional to the number of cells in 
the inoculum (Fig. 2 ) .  

A series of plates was prepared, each seeded 
with approximately 5000 cells, to which AG 
was added in graded concentrations. Fig. 3 
represents the survival curve 1 of the wild- 

Results. 

FIG. 1. 6-day-old colonies of strain D98S grown on 
glass, Z3ouin fixed, Giernsa stained. 
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FIG. 2. Relationship betmecn inoculum size (caol- 
ony-forming cells) and total growth detcrniined as 
amount of protein synthesized (14 days) by AG- 
resistant strain D98/AG grown in  presence ( S A G )  
or absence (-AG) of 8 pg  AG/ml medium. 

FIG. 3. 12-day growth determined as amoiint of 
protein sptllesized and survival (colony forma- 
tion) of AG-sensitive (wild tppe-1, 3 )  and AG- 
resistant (2, 4) isolates derived from strain D98S 
gronii a t  increasing concentrations of AG. Inocii- 
lum ~vas 5000 cells/plate. 

type strain D98S. I t  is apparent that in pres- 
ence up to 0.1 pg AG/ml survival and colony- 
forming ability of each cell is virtually un- 
affected. There is a sharp drop in plating 
efficiency between 0.1 and 1 pg AG/ml, fol- 
lowed by a plateau extending to approxi- 
mately 10 pg AG/ml, at which level 1 to 
2 %  of cells survive and form colonies. These 
colonies were isolated and found to be 
stable, AG-resistant clones (D98/AG) as 
reflected by survival curve 2. Their growth. 
as measured by protein synthesis, was not 
affected by AG in concentrations up to 12 
pg/ml (curve 4), while protein synthesis of 
the wild-type strain was increasingly sup- 
pressed above 0.1 pg/ml. 

Thus the wild-type population contains 
approximately 1 to 2% mutant cells, exhibit- 
ing to 100-fold increase in AG resistance with- 

out impairment of plating efficiency or growth 
rate either in the presence or in the absence 
of AG (Fig. 2 and 3 ) .  Fig. 4 shows appear- 
ance of colonies on 2 plates seeded with equal 
inoculum of AG-sensitive strain D98S, incu- 
bated in absence (A) and in presence (B)  of 

Resistance to AG appears to be a highly 
stable property. Subculture for over 150 
generations, either in absence (curve 3 )  or in 
presence (curve 2 )  of AG (6 pg/ml) did not 
alter level of resistance (Fig. 5 ) .  By subcul- 
turing resistant lines at high concentrations 
of AG, strains with slightly higher resistance 
could be isolated (Fig. 5, curve 4) .  

Determination of mutation rates was based 
on Luria-Delbruck variance test (9 ) ,  modified 
for mammalian cells grown on glass. Each 
colony grown in absence of AG and firmly at- 
tached to glass may be considered as analo- 
gous to one “test tube culture”(9). On addi- 
tion of the drug (AG), only colonies contain- 
ing a t  least one resistant cell would give rise 
to secondary resistant colonies, while others 
would slough off the glass and be lost during 
medium changes. Mutation rate based on 
preliminary experiments, employing the Po 
method (9) corresponds to 5 x 10-4/cellJgen- 
eration. 

Properties of A G-resistant cells. AG-sensi- 
tive cells were found to exhibit the same in- 
hibitory threshold for AG and 8-azaguano- 
sine ( low7 M). Neither guanine (1 to 50 pg/ 
ml) nor adenine nor thymine antagonize the 
inhibitory action of 1 to 50 pg/AG/ml. AG- 
resistant lines are approximately 100 times 
more resistant to AG, but only 2-3 times more 
resistant to 8-azaguan0sine.t They were also 
found to be more resistant to 5-fluorouracil 
and to ultraviolet (UV) light (Fig. 6 and Fig. 
7. curve 3) .  I t  was therefore of interest to 

AG (6 &/mu * 

t Strain D98/AG contains approximately 0.01% 
mutants (D98/AGR) resistant in a single (genetic) 
step to over a 100-fold higher concentration of 
8-azaguanosine (AGR) , with concomitant further 
increase in AG resistance (over 10-fold) . Direct 
mutations from AG sensitivity (D98S) to AGR re- 
sistance (D98/AGR) were not detected in popula- 
tions as large as 107 cells. Thus AG and AGR 
resistances behave as two sequential mutational 
steps. 
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E’IG. 4. Colony formation on 2 plates seeded with 
identical inocula (4000 cells) of AG-sensitive cells 
(strain D!38S) in absence (A) or presence (B) of 

6 pg AG/ml medium. 
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the AG-resistant line a t  slightly inhibitory 
concentrations of AG (12 pg/ml). The shape 
of survival curve appears unchanged. It 
may therefore be concluded that the newly 
emerging AG-resistant cells, pre-existing in 
the wild-type population, contain only one 
AG-resistant “complement” (chromosome? ) , 
while the number of these “complements” in- 
creases during establishment of the resistant 
sublines. Further genetic and cytological 
studies may explain this phenomenon and in- 
dicate whether processes analogous to non- 

cletermine whether UV would increase muta- disjunction or mitotic crossing-over could be 
tion frequency from AG sensitivity to resis- involved- 
tance or would select for the more UV-resis- Summary. A cloned wild-type population 
tant, AG-resistant cells( 10). The wild-type (strain D98S) derived from human bone mar- 
population was irradiated with increasing row cells, which is inhi,bited by 8-azaguanine 
closes of UV and plated in absence (curve 1) (AG) in concentrations in excess of 0.1 pg/ 
or in the presence (curves 2 and 2a) of 6 pg ml, contains approximately 1 to 2% cells re- 
AG/ml. It is apparent that AG-resistant sistant to AG in 100-fold higher concentra- 
cells not exposed to AG prior to irradi- tions. A single-step mutational process (in 
ation, exhibit a “single-hit” survivail curve broad meaning of the word) appears to be 
(curves 2 and 2a), while UV survivals involved. The AG-resistant lines are stable 
of parental strain D98S (curve 1) and of upon prolonged subculture either in presence 
the established resistant line 1)98/AG or absence of drug. Mutation rate from sen- 
(curve 3) are characterized by “multi-hit” sitivity to resistance is of the order of 5 x 
curves. Curve 4 represents UV survival of 10d4/cell/generation. AG resistance is a use- 
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ful genetic marker, since a t  selective AG con- 
centrations ( a  wide plateau a t  1-10 pg/ml) 
colony formation by resistant cells is not im- 
paired and sensitive cells are destroyed. A 
method for protein determination is described, 
based on measurement of eluted bromphenol 
blue from HgCl.,-fixed, glass-attached cells 
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Mechanism of Inhibition of Gastric Secretion in the Rat Following 
Bile Duct Ligation.* (25054) 

R E N ~  MEN GUY^ A N D  EDWARD KOGEK (Introduced by Gilbert S. Campbell) 
Dept. of Surgery, University of Oklahoma M f d i c n l  Center and Vet. Adnzin. Hospital, Oklahoma City 

Madden et  al. ( 1 ) noted that simultaneous 
bile duct ligation in the Shay rat preparation 
prevented formation of rumenal ulcers. Am- 
brus( 2) found that gastric secretory output 
from gastric fistula rats was slightly decreased 
when the bile duct was ligated. To date, this 
interesting phenomenon has not been ade- 
quately explained. On the basis of some evi- 
dence(3) that bile. when present in the intes- 
tine, is a gastric secretagogue. it was thought 
that removal of bile from the intestine could 
lead to decrease in gastric secretory activity. 
Actually, it has been postulated on the basis 
of a possible secretagogue effect of bile that 
continuous entrance of bile into the intestine 
in the rat, by virtue of absence of gall bladder. 
could explain the large interdigestive gastric 
secretion so characteristic of the rat (4 ) .  Our 
data show that gastric secretion in the rat is 
inhibited by bile duct ligation. This inhibi- 
tion is due, not to removal of bile from the 
intestine, but to inhibitory effects of bile salts 
on gastric secretion. 

Materials and me thods .  Gastric secretion 
was measured by pylorus ligation method ( 5 )  

___- 

* The authors wish to acknowledge the valuable 
technical assistance of Mr .  Howard Guiles. 
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in 151 male Holtzman rats weighing from 160 
to 220 g. Prior to experiments, the rats were 
fasted for 48 hours in individual cages with 
wide mesh wire bottoms to prevent copropha- 
gia. IVater was given ud lib. during fasting 
period. Following the 48 hour fast, the rats 
were operated under light ether anesthesia and 
under clean conditions and the pylorus gently 
ligated with a 4-0 silk ligature. Simultaneous 
ancillary procedures were done and will be 
described in relation to specific test groups. 
Exactly 4 hours later (6  hours in one group) 
the animals were killed by exsanguination, the 
stomachs removed and gastric content studied 
individually for volume and free acidity. The  
rats were divided into 5 groups. 

Resu l t s .  Group I .  Simultaneously with 
pyloric ligation, the proximal portion of bile 
duct was divided between 2 ligatures. Tn 
random controls, the duct was merely exposed. 
There was inhibition in volume and free HCl 
concentration of gastric content in bile duct 
ligated rats (Table I) ,  There was relatively 
greater inhibition in volume than in free HCl 
concentration. 

Group 2. An external biliary fistula was 
created simultaneously with pyloric ligation. 
This was accomplished by catheterizing proxi- 
mal portion of bile duct with a fine polyethyl- 


