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Gallium-67 was demonstrated to be tÃ§zkenup in significant amounts by
a number of common micro-organisms. The mechanism of gallium-67 up
take was studied in S. aureus. It is found to involve two separate processes.
One is insensitive to temperature or metabolic inhibitors, and is not inhibited
by a high concentration of nonradioactive gallium. This process probably
operates through nonspecific binding of Ga-67 to components of S. aureus.
The second process is not inhibited by metabolic inhibitors either, but it
is temperature-sensitive and is inhibited by high concentrations of stable
gallium. This component of the Ga-67 uptake is most likely due to a carrier
mediated transport system (facilitated transfer).
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In the preceding paper ( 1 ) , we studied the up
take of gallium-67 by human polymorphonuclear
leukocytes (PMN) . Since PMN and bacteria are the
main components of inflammatory lesions, we studied
Ga-67 uptake by a number of common micro
organisms. The mechanism of its uptake by Staphylo
coccus aureus was extensively examined and forms
the basis of this report.

MATERIALS AND METHODS

Materials. Carrier-free Ga-67 citrate and [14C]

inulin were obtained commercially. Gallium was pres
ent as a complex formed from 9 ng of Ga-67 chloride
(containing 2 mCi of Ga-67, specific activity: 4.2
mCi/1010M), 2 mg of sodium citrate, and 6.8 mg
NaCl in a final volume of 1 ml. The gallium solution
was diluted with 2.5% Na citrate in modified Hanks'

solution (without bivalent cation) (2) . The final
solution consisted of the desired concentration of
Ga-67 (usually 2 @Ci/ml) and 0.25% citrate (final
pH-7.3) . N-ethylmaleimide (NEM), KCN, dinitro
phenol (DNP) , and sodium iodoacetate were ob
tamed commercially. Gallium chloride (GaC13) was
dissolved in 2.5% sodium citrate.

Measurement of Ga-67 uptake by microorganisms.
S. aureus (ATCC 25923) was obtained from Amen

can Type and Culture Collection (Rockville, Mary
land), other microorganisms were obtained from the
Clinical Microbiology Laboratory of the Johns Hop
kins Hospital. They were kept in stock in tryptic soy
agar slant and transferred once every month. Before
use they were grown overnight in tryptic soy broth
at 37Â°C (the microorganisms were in the stationary
phase of their growth curve) . After centrifugation at
2,000 g for 10 mm at room temperature, the bac
teria were washed twice with modified Hanks' solu
tion and diluted to a final concentration of 10Â°/mI
according to McFarland Standard (3) . For the meas
urement of Ga-67 uptake, 2 ml of bacteria were
incubated with 2 @tCi/mlof Ga-67 in a disposable
plastic centrifuge tube for 30 mm at 37Â° C, in a
water bath with constant shaking. Previous study (1)
has demonstrated that Ga-67 does not stick to the
plastic centrifuge tubes. At the end of incubation, the
bacteria were centrifuged at 2,000 g for 10 mm at
40 C and washed twice with 10 ml modified Hanks'

solution. Preliminary experiments indicated that fur
ther washes did not significantly change the uptake
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UptakeMeanRang.S.

aureus
S. .pid.rmidiz
E.coil
S. fa.callz
Salmon.IIa typhimurium
Lactobadillus I.ichmannli
Candida albicanz6,1

11 (8)
419 (2)

1,997 (2)
1.016 (4)
2,450 (2)

904 (4)
175 (2)2,995â€”19,418

326â€” 512
1,088â€”2,907

400â€”1,830
2,296â€”2,595

432â€”1,499
38â€” 312

CLINICAL SCIENCES
INVESTIGATIVENUCLEAR MEDICINE

TABLE 1. GALLIUM-67 UPTAKE BY
COMMON MICRO-ORGANISMS

t

1@@

I

Resultsar .zpr.ss.d as gallium uptake (cpm/100 @gpro
tein) after 30 mm. Numbers in parenthesesindicate numb.r
of exp.rimâ€¢nts.

of Ga-67 by bacteria. Independent experiments
using [14C] inulin as an indicator for extracellular
fluid contaminationâ€”indicated that only two washes
were necessary to remove the incubation medium
contaminating the initial pellet. The radioactivity was
counted in an automatic well counter with a window
setting of 80â€”320keV. The results were expressed
as the amount of Ga-67 uptake per 100 @gof bac
terial protein (cpm/100 @gprotein). Protein deter
mination was performed by the method of Lowry
et al. (4) using bovine serum albumin as a standard.

For the study of the effects of metabolic inhibitors
on Ga-67 uptake by S. aureus, bacteria was pre
incubated in the presence or absence of I mM KCN,
Na iodoacetate, NEM or DNP. Ga-67 uptake was
then determined as described above. Heat inactiva
tion of S. aureus was carried out by heating the or

7Ca(pCi)

FIG.2. EffectofvariousconcentrationsofGa-67onitsuptak.
by S. aurâ€¢us.Resultsshowthe mean and rang. of four experiments.

ganism for 30 mm at 80Â°C in the water bath. For
the study of the effects of various cations on Ga-67
uptake, S. aureus was incubated with 2 @Ci/mlGa
67 for30 mmat 37Â°C in thepresenceor absenceof
106M stable GaS+, FeS+ InS+, AlS+, Mg2+, or
Ca2+ The statistical significance was determined by
Student's Vtest (5).

RESULTS

GaIlium-67 utpake by common microorganisms.
Table 1 shows Ga-67 uptake by seven common
microorganisms. Although the number of experi
ments was small in some cases, the results indicate
that Ga-67 was taken up by these micro-organisms to
a significant degree.

Gallium-67 uptake by S. aureus. Figure 1 illus
trates the time course of Ga-67 uptake by S. aureus.
The uptake was rapid in the first 15 mm of incuba
tion, thereafter there was only a small increase in the
uptake for up to 1 hr. Figure 2 demonstrates a linear
relationship between the amount of Ga-67 uptake by
S. aureus and the amount of Ga-67 present in the
incubation medium.

In order to determine whether Ga-67 uptake by
S. aureus is due to simple diffusion or to a carrier
mediated transport system, the effects of tempera

FIG. 1. TimecourseuptakeofGa-67byS.aureus.Resultsshow
the mean Â± 1 s.c.m.of eight experiments.
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Ga-67 uptakeâ€”30mmincubation(cpm/10O@g

protein)P value
(vs.

control)Mean Range

Ga-67 uptakeâ€”30mmincubation(cpm/100

/L9 protein)P
value

(vs.control)Mean Range
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perature-insensitive and resistant to metabolic in
hibitors.

If we postulate that the temperature-sensitive corn
ponent of the S. aureus uptake is due to a carrier
mediated transport system, its uptake should be
inhibited by stable gallium. As shown in Table 3,
gallium at a relatively high concentration ( 10Â°M)
inhibited Ga-67 uptake by 50% . In contrast, the
same molar concentrations of Fe3 + In3 + @&J3+,
Mg2+, or Ca2+ had no effect.

Since Ga-67 binds to plasma protein after i.v.
injection (6) , the uptake of Ga-67 by S. aureus was
also studied in serum. It was found to be essentially
the same as that in the modified Hanks' solution:
8579 Â± 1685 cpm/100 /Lg protein (mean Â± s.e.m.,
7 experiments),comparedwith 8082 Â±2140.

DISCUSSION

We have previously demonstrated that Ga-67 is
taken up by polymorphonuclear leukocytes (1 ) . In

the present study we have showed further that Ga
67 was also taken up by sevencommon micro
organisms. In human PMN, the plasma membrane
serves as a diffusion barrier and Ga-67 binds only
to the plasma membrane (1 ). When this diffusion
barrier is disrupted, as in heat-killed PMN, the up
take of Ga-67 increases markedly (1 ) . The results
shown in the present study suggest that Ga-67 uptake
by S. aureus is due to a more complicated process
with at least two components. One is insensitive to
temperature, metabolic inhibitors and a high con
centration ( 106M) of stable gallium. This is prob

ably due to non-specific binding of Ga-67 to com
ponents of S. aureus. This fraction constitutes about
50% of the Ga-67 uptake under our experimental

conditions, in which 2 @Ciof Ga-67 was used. The
second component is sensitive to temperature and
is inhibited by stable gallium. Thus it has the char

acteristics of a carrier-mediated transport system.
Since metabolic inhibitors have no effect on this corn
ponent of Ga-67 uptake, it apparently does not re
quire energy and is most consistent with â€œfacilitated
transfer,â€• a term used for carrier-mediated transport

that does not require energy (7,8) . In facilitated
transfer, the substrate moves across the plasma mem
brane until the concentrations of the substrate on
both sides of the plasma membrane have equilibrated.
The linear relationship between the amount of Ga
67 uptakeby S. aureusand the amountof Ga-67
present in the medium (Fig. 2) is also characteristic
of this type of carrier-mediated transport. Whether
other microorganisms have the same transport sys
tems for Ga-67 awaits further investigation.

TABLE 2. EFFECT OF TEMPERATURE AND
METABOLIC INHIBITORS ON Ga-67

UPTAKE BY S. AUREUS*

Control
+ KCN
+ Naiodo
acetate

+ NEM
+ DNP

Heat-killed
S. aureust

Cold (4Â°)$

6,111 2,995â€”19,418(8)
7,253 6,046â€”8,564 (3) >0.3

6,595 4,779â€”9,596 (3)
6,372 5,386â€”8,272 (3)
6,136 4,680â€”7,146 (3)

>0.8
>0.8
>0.9

2,988 1,646â€”4,702 (6)
4,246 3,070â€”5,787 (4)

<0.01
<0.05

S Results are expressed as mean and range. Staphytococ

cus aureus was preincubated in the presence or absence of
metabolic inhibitors (1 mM) for 30 mm at 37Â°C.Then Ga-67
uptake was measured after another 30 mm incubation with
2 @Ciof Ga-67 at 37Â°C.Numbers in parentheses indicate
number of experiments.

t Heat inactivationof S. aureus was carried out by heat
ing the organism for 30 mm at 80'C in water bath.

:$:S. aureus suspension was put in an ice bath for 30 mm,
then 2 @iCiGa.67 was added and Ga-67 uptake determined
after 30 mm of further incubation in ice.

ture and metabolic inhibitors on Ga-67 uptake were
studied. As shown in Table 2, the uptake was mark
edly inhibited when the experiment was carried out
at 4Â°C. Heat inactivation of S. aureus also inhibited
Ga-67 uptake. In contrast, various metabolic in
hibitors such as KCN, sodium iodoacetate, N-ethyl
maleimide, and dinitrophenol (DNP) had no effect.
Thus there are at least two components in the up
take of Ga-67 by S. aureus. One is temperature
sensitive. This pathway does not require energy,

since various metabolic inhibitors have no effect.

The second component of the uptake is both tem

TABLE 3. EFFECT OF VARIOUS CATIONS ON
Ga-67 UPTAKE BY S. AUREUS*

Control
+ Ga@'
+ Fe'@
+ ln'@
+ Al'@
+ Mg'@+ @2+

6,111
3,281
5,899
5,906
5,521
5,189
5,771

2,995â€”19,418 (8)
1,646â€”4,702 (5)
4,011â€”9,394 (3)
2,861â€”11,696 (3)
2,770â€”5,521 (3)
3,173â€”8,350 (3)
3,397â€”10,048 (3)

<0.05
>0.8
>0.8
>0.8
>0.6
>0.7

* Results are expressed as in Table 1 . The cation concen.

trationswere 1O6M.
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NORTHERN CALIFORNIA CHAPTER
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ANNUAL MIDWINTER MEETING
February 15, 1978 Lawrence Hall of Science

Wednesday,3:00p.m. Berkeley,California

The Scientific Programwill consist entirely of invited paperson topics of current interest.
Confirmed presentations are as follows: Getting the Most out of the Image (Controllable Pa
rameters) â€”Dr. Dennis Patton, Tucson, Arizona; Biliary Tract Imaging with Tc-99m Cam
pounds â€”Dr. Robert Stadalnik, Sacramento, California; Radiation-Induced Thyroid Dis
easeâ€”Dr. Michael Okerlund, SanFrancisco,California; Managementof Differentiated Thy
roid Cancer â€”I. Ross MacDougal, Stanford, California.

Glen T. Seaborg, Ph.D.,Nobel Prizewinner and former AEC Director, will be the featured
speaker, delivering a talk entitled â€œReminiscenceson the Developmentof Some Medically
Useful Radionuclides.â€•

A Chapter business meeting and supper will follow.
The Technologist Section is planning an early afternoon program in conjunction with this

meeting.
For further information contact:

Jean Lynch
P.O. Box 40279
San Francisco, CA 94140




