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A Transduction Analysis of Complex h i  Governing the Synthesis 
of Tryptophan by Staphylococcus aureus." (27611) 

HARRY L. RITZ~ AND JACK N. BALDWIN (Introduced by J. hl. Birkeland) 
Department of Microbiology, The Ohio State University, Columbus 

Transduction analysis of complex loci in- 
volved in the synthesis of tryptophan( 1), 
adenine( 2) , histidine (3) ,  and cysteine (4), in 
Salmonella typhimurium and tryptophan ( 5 )  
and arabinose(6) in E. coli have been de- 
scribed. In  each instance auxotrophic mu- 
tants lacking the ability to synthesize a given 
growth factor were divided into functional 
groups which correspond to the arrangement 
of a group of mutant sites on the chromosome. 
The order of sites on the chromosome was the 
same as the sequence of biochemical reactions 
that the sites controlled. Transduction tech- 
nics make possible the genetic mapping of 
loci involved in the synthesis of a metabolite 
by strains of S. aureus(7,8,9,10). This re- 
port concerns an analysis of the genetic rela- 
tionship among tryptophan-dependent mu- 
tants of S. aweus. 

Methods. The strain of S. aureus em- 
ployed, W-26, originally obtained from The 
Ohio State University Hospital, and the mu- 
tants derived from it, were maintained on 
brainheart infusion (BHI) agar slants a t  4°C. 

*Presented in part as partial fulfillment of the 
degree Doctor of Philosophy at The Ohio State 
University. Supported by a grant from Nat. Science 
Foundation. 

The minimal medium (M) contained Cas- 
amino acids, acid-hydrolyzed (Difco)-SW 
mg; 1-cystine-10 mg; dextrose-1000 mg; 
sodium citrate SH20-500 mg; K~HPOK- 
500 mg; MgS04-10 mg; N a C l 4  mg; 
FeS04 H20--4 mg ; MnC12 4H&-15 mg ; 
adenine sulfate-1 mg ; guanine hydrochlor- 
ide-1 mg; uracil-1 mg; xanthine-1 mg; 
thiamine hydrochloride-O.1 mg ; nicotinic 
acid-0.5 mg; and distilled water to make 
100 ml. For a solid medium 1.5% washed 
agar was added, citrate was omitted, and the 
dextrose was added aseptically after auto- 
claving. Both broth and solid media had a 
pH of 6.6 to 6.8 after autoclaving. When de- 
sired, 5 mg of tryptophan, 10 mg of anthra- 
nilic acid, or 10 mg of indole were added to 
100 ml of M medium to make MT, MA, or 
MI medium, respectively. 

Tryptophan-requiring mutants were se- 
lected by the penicillin screening method of 
Davis ( 11) and Lederberg( 12) from a sus- 
pension of ultra-violet irradiated S. aureus 
W-26. One ml of the irradiated suspension 
was inoculated into 5 ml of MT broth and 
incubated at  37°C for 24 hrs; the culture was 
centrifuged and resuspended in 5 ml of dou- 
ble distilled deionized water. One ml of this 

t Present address: Procter and Gamble CO., Mi- suspension was then added to 4 ml of M broth 
ami Valley Labs., Cincinnati, Ohio. containing 1.25 units of penicillin per ml. 
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After incubation for 30 to 36 hr 0.05 nil of 
the penicillin-treated culture was streaked 
onto MT agar plates. Plates showing less 
than 200 colonies after incubation for 24 hrs 
a t  37°C were replicated to 11 agar plates. 
Colonies on the M T  master plate which failed 
to show corresponding colonies on the 11 agar 
plates were inoculated onto MT agar. 
Growth from 40 to 50 colonies could be 
spotted on a single plate. After incubation 
for 6 hrs a t  37OC these plates were replicated 
to 11 agar plates which were incubated at  
37°C for 24 hrs. Growth on M T  agar not 
matched by growth on 14 agar was trans- 
ferred to BHT agar slants and stored for fur- 
t her study. 

Growth responses of the mutants were de- 
termined by streaking 0.05 ml of a distilled 
water suspension of the mutants onto 11, NT, 
111 and MA agar plates. Tests for syntro- 
phism were done on h i  agar containing 0.5 
pg of tryptophan. Reversion to tryptophan 
independence was determined by streaking 
0.1 ml of a RIT broth culture onto 19 agar 
plates which were incubated at  37°C for 3 
days. 

The methods of phage propagation and 
transduction were the same as previously de- 
scribed except that distilled water was used 
for washing and suspending transduction mix- 
tures( 10) .  Each mutant was exposed to phage 
80 which had been propagated on each of the 
other mutants and on the parent strain. One 
ml of a phage suspension containing 1.1-1.3 
x l O l o  plaque forming units and 1 ml of a 
suspension of S. aweus containing 5.1-7.6 X 
1 O l o  cells were used in the transduction ex- 
per i me n t s . 

Results. Ten tryptophan-dependent strains 
of S. aweus 117-26 were obtained from 3 irra- 
diation experiments. All of the mutants and 
the parent strain were sensitive to lysis by 
phages 29, 79 and 80. These strains were 
given designations similar to those used by 
Demerec( 13) to identify biochemical mutants 
of Salmonella typhinzuriurn. The designa- 
tion includes the specific growth factor re- 
quired by the mutant, the order in which it 
was isolated, and its response to metabolic 
intermediates. A listing of the mutants and 
their growth responses is shown in Table I. 

TARTIF: I. Growth Rcsponsw of Tryptophan Mu- 

Dcgrce of growth on minimal medium 
supplemented with 

Anthraidic 

twiits of Stciphylococcua aureus. 

JI I1 t a 11 t acid Indol Tryptophan 

+ = Confluent growth. _ -  - Faint or no growth. 

The group A mutants required tryptophan 
while strains in group B grew well in the 
presence of either indole or tryptophan. Mu- 
tant, try.4B-12, grew only in the presence of 
tryptophan yet was different from the group 
A mutants as determined by syntrophism ex- 
periments. The group A mutants were ca- 
pable of stimulating the growth of group B 
mutants, whereas tryAB-12 was not. The 
group A mutants and tryAB-12 were not 
stimulated by any other mutants, nor were 
group B mutants capable of stimulating any 
members of the B group. 

The reversion rates of the different mutants 
are shown in Table 11. The differences in 

TXRLE 11. Spontaneous Reversion to Tryptophan- 
iiitlrpcnclence by Mutants of Staphylococcus aureus. 

Reversion rate Reversion rate 
Mutant ( x lo-*) Mutant ( X lo-*) 

~ ~~ ~ 

t B-1 2.1 t ~ y B - 8  1.2 

I r.l/H-4 1.3 tryA-10 0 
t /*!/B-2 I .4 tryA-9 23.1 

t r.tjB-6 3.1 tryB-11 -17 
I q/B-7 1.7 tryAB-12 0 

~~~ ~ 

rates are evident when one compares the high 
rate of try.4-9, the intermediate rates of 6 of 
the group B mutants, the extremely low rate 
of tryB-11, and the absence of reversion of 
try:iB-I2 and tryA-10. 

Marked variation in the sizes of the re- 
vertant colonies on M agar was noted. The 
larger colonies represented true reverse muta- 
tion, while the smaller colonies probably re- 
flected mutations of a suppressor gene. A 
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similar situation was observed in studies of 
purine-dependent mutants of S. typhimurium 
(14) * 

The results of reciprocal transductions be- 
tween different pairs of mutants are shown in 
Table 111. There was marked variation in 

as donors, a new colony type appeared on the 
transduction plates. These colonies were dif- 
ferentiated from the yellow, prototrophic col- 
onies by their small size and white pigment. 
These colonies were donor type recombinants 
occurring as a result of the linked incorpora- 

TABLE 111. Frequency of Transduction among 10 Tryptophan-Requiring Mutants of Stuphyl- 
ococczis aureus. 

the 

~ ~~~~~~ ~~~~~ ~ 

I 
No. of prototrophic colonies from various recipients* 

B-1 B-8 B-11 B-5 B-2 B-4 B-7 A-10 A-9 AB-12 
I>onor 

B-1 28 
R-8 105 
B-22 129 
B-5 201 
B-2 480 ~ 

B-4 830 
B-7 260 
A-10 510 
A-9 1110 
AB-12 10 
W-26 3350 
Control 23 

990 
52 

364 
594 

1100 
1690 
1040 
8UO 

1430 
16 

6395 
30 

177 
25 
1 
5 

158 
186 
140 
71 

401 
1 

4735 
2 

1320 
580 
255 

13 
550 

1580 
400 
540 

1200 
22 

6880 
11 

530 
1350 
1140 

930 
3 
9 
3 

210 
280 

6 
3430 

4 

460 
1400 
1070 

960 
6 
8 
5 

200 
230 

5 
3260 

4 

492 550 
1120 900 
1060 372 
980 650 

6 144 
0 237 
5 120 

221 0 
283 50 

3 0 
2765 1980 

8 0 

2900 
3000 
4690 
2040 

376 
620 
256 
236 
101 
29 

8380 
96 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1880 
0 

* Figures - .  represent the number of prototrophic colonies obtained from 0.1 ml samples of the 
transduction mixture. 

numbers of prototrophic colonies obtained 
from the different crosses. The greatest 
number of tryptophan-independent colonies 
was obtained when the recipient strain was 
transduced by phage grown on the parent 
strain, W-26. Mutants tryB-2, tryB-4 and 
tryB-7 did not recombine with each other, 
behaved similarly in crosses with the other 
mutants, were transduced at  similar rates by 
S O , N - 2 6  and demonstrated similar rates of 
reversion. These 3 mutants were isolated 
from the same tube of MT broth and could 
have arisen as a consequence of one muta- 
tional event, since the irradiated cells were 
allowed to multiply for 24 hrs before exposure 
to penicillin. 

Two of the mutants, tryA-10 and trydB-12, 
appeared to be deletion or multisite mutants 
since no colonies were detected on the con- 
trol plates. In addition, both exhibited di- 
minished rates of transduction when W-26 
was used as the donor. TryAB-I2 was in- 
capable of acting as a donor strain and could 
be transduced only by the prototrophic 
strain, W-26. 

When tryA-9 and trytl-10 were utilized as 
recipients with any of the group B mutants 

tion into the recipient genome of both the 
mutant and wild type marker of the donor 
The limited growth of these colonies was due 
to the accumulation of small amounts of in- 
dole from the background growth of the re- 
cipient strains on the M agar plates. 

Several observations were made which sup- 
port the hypothesis of linked transduction. 
Transfers of these isolates were capable of 
growth on MI agar as well as on MT agar, a 
characteristic of the group B strains, the ori- 
ginal donor strains in these experiments. In 
addition, rates of reversion of these isolates 
were similar to the rates of the group B don- 
ors, not of tryA-9 or tryA-10. When small 
colony isolates were used as recipients they 
could be transduced only by the recipient of 
the cross in which they were obtained, not by 
the donor. 

Once occurrence of linked transduction of 
tryptophan markers was established an at- 
tempt was made to map the chromosomal re- 
gion. The number of independent transduc- 
tions and the total number of transductions 
was determined. Theoretically, the closer to- 
gether 2 markers are on the chromosome, the 
greater the probability of linked transduction 
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and the isolation of tryptophan-dependent 
donor type colonies. The greater the dis- 
tance bet.ween the 2 markers, the greater is 
the chance that they will be separated with 
subsequent production of tryptophan-inde- 
pendent transductants. The results of experi- 
ments involving tryii -9 as a recipient are seen 
in Table Ilr, try.4-10 as a recipient in 
Table V. 
TABLE TV. Freqliciicy of Iiidepeiideiit Tr:lnstliic.- 
tion of Different Tryptophilii Markers into tlir 

Recipient Strain, t ryA-9. 

Ih ior  

t ~ , I I  B- 1 
t ryB-8 
t,'yB-1 I 
tryB-5 

t ry B-4 

trjlB-9 
t r y  B-7 

Pro totroyliic 
c.01o11ic.s 

625 
W i 2  
41.5 

1980 
1190 

578 
589 

Ratio of 
iiidelw i id  (3 ii t 

to total 
t rw iistlw t ioii 

TABLE V. Freqiiency of Iiitlcpcii~lrilt TI.illis~l\l~ 
tioii of Diffcreiit Tryptophan Markers into tlica 

Recipient Strain, tryA-20. 

Ratio of 
1 )oiior i i idc l  wii(loiit 

1)onor coloiiies c.oloiiics transtluctioil 

f ,']/€I-1 3i9 3 i2 .,3 I4 
1 ry B-8 573 1 1 x 3  .:M; 
t r!/ B-5 450 1352 .?.iO 
trJ/B-I1 4 3 134 2 4 3  
tryB-7 1 9 7  1 WI .(I91 
t q B - 4  240 2467 .089 
t r?j B-2 903 :s4Z(i1 .OX8 

Prototrophic typc to total 

_ .  

-I____ 

Discussion. From the data obtained by 
reciprocal transductions among the various 
mutants and by the quantitative observations 
concerning linked transductions, it was pos- 
sible to construct a linkage map of the sites 
represented by each of the mutants. The 

r, -\ 

most logical arrangements of the mutant sites 
are represented in Fig. 1. 

This map is divided into 2 functional gene 
loci within which it is possible for mutation 
and recombination to take place. The B lo- 
cus apparently is concerned with production 
of indole, the A locus with conversion of in- 
dole to tryptophan. Mutations in either of 
the 2 loci are manifested in an alteration of 
the function in which the particular gene is 
involved. 

TryB-2, tryB-4, and tryB-7, which appear 
to be similar in many respects, are repre- 
sented as a single point on the map. TryA-10 
and tryAB-22, thought to be deletion or mul- 
tiple site mutants, are represented on the map 
by solid bars. The map area encompassed 
by tryAB-12 involves all the known sites of 
both the A and B loci, a fact indicated by the 
lack of recombination of tryAB-I2 with any 
of the other mutants. Thus, tryAB-I2 wouId 
be expected to be deficient in the enzymes 
necessary to bring about the formation of in- 
dole and conversion of indole to tryptophan. 
The failure of tryAB-I2 to feed the group B 
mutants is further evidence for involvement 
of 2 functional loci. 

Of the 2 methods used to determine the 
order of linkage of the mutant sites, the test 
utilizing the ratio of independent to total 
transduction events has been reported to be 
best(3). Using the data from the reciprocal 
transduction experiments, it was difficult to 
locate the mutant sites of tryB-I and tryB-8 
on the map. However, the results of the ra- 
tio test were utilized to obtain what was con- 
sidered to be the most probable sites of these 
2 mutants. 

Summary. Experiments involving ultra- 
violet irradiation of a tryptophan-indepen- 
dent strain of S. aureus and the exposure of 
the irradiated cells to penicillin, yielded 10 
t ryp tophan-dependen t mutants. Mutants 
were differentiated by growth responses, syn- 
trophism, and reversion rates. Ten trypto- 
phan-dependent mutants of S. aureus were 
subjected to a genetic analysis using the 
transduction technic. This allowed the con- 
struction of a chromosome map of 2 different 
functional linkage groups, closely linked to 
each other. 
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Comparison of Renal Clearance of Galcium During Infusions of 
Calcium Chloride and Galcium Glumnate. (27612) 

D. BERNSTEIN, C. R. KLEEMAN, R. E. CUTLER, J. T. DOWLING, AND M. H. MAXWELL 
Departments of Medicine, Wadsworth General Hospital, Veterans Administration Center, 

Mount Sinai Hospital and University of California Medical Center, Los Angeles 

Calcium infusions are frequently utilized in 
clinical and physiologic investigations of os- 
seous and parathyroid metabolism. In gen- 
eral, it has not been considered necessary to 
control the type of calcium salt infused. In 
earlier work the authors suggested that renal 
clearance of calcium in man during a calcium 
infusion could be altered by the associated 
anion concomitantly administered( 1). Sub- 
jects receiving calcium gluconate tended to 
have higher calcium clearances than those re- 
ceiving calcium chloride. However, the de- 
sign of that study did not permit a definitive 
conclusion to be made in this regard. The 
following investigation was undertaken to de- 
termine whether the two commonly used salts 
of calcium, calcium chloride and calcium glu- 
conate, had comparable effects on renal clear- 
ance of calcium. 

Methods. The studies were performed in 
the fasting state on 6 hospitalized males, ages 
30 to 49 years, convalescing from acute self 
limited illnesses. After 3 days on a 1 g cal- 
cium, 1.5 g phosphorus diet they each re- 
ceived an infusion of 1 g of calcium ion as 
either the chloride or gluconate salt over a 4- 

hour period (8:30 a.m. to 12:30 pm.).  One 
week later each subject received an infusion 
of the other calcium salt. Three individuals 
received the calcium chloride infusion first 
followed by the calcium gluconate, and in the 
other 3 the order was reversed. Two succes- 
sive 30-minute urine collections were ob- 
tained prior to the infusion. At  1% and 3% 
hours after initiating the infusion, and one 
hour after its completion, additional 30-min- 
ute collections were obtained. A mild water 
diuresis (3-5 cc/min) was continually main- 
tained, and the subjects reclined throughout, 
standing only to void. Blood samples were 
obtained without stasis at the mid-point of 
each period, through an intravenous indwell- 
ing needle. 

Calcium clearance was determined by 
dividing the quantity of calcium excreted per 
minute in the urine by the diffusible calcium 
in the serum. The latter figure was obtained 
by multiplying the total serum calcium by 
0.65. This value represents the mean per cent 
diffusible calcium as previously determined 
in this laboratory( 1). The “corrected clear- 
ance” of calcium was expressed as the ratio 
of the observed calcium clearance to the 




