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UPTAKE AND DISTRIBUTIQN OF DIMETHYLBENZYLDESMETHYLRIFAMPICIN (DMB) IN
BALB/3T3. CELIS ' | |

Urs R.- Joss ' Aaehne J. Hackett and Melvin Calvin

Laboratory of dlemlcal BJ.odynamJ.cs and Cell Culture Laboratory of the School

of Public Health, University of Cal:l.fornla, Berkeley, California 94720

SUMMARY. _

Because of the demonstrated ability of dinetliyibenzyldesrrethylrifezn-
picin (DMB) not only to inhibit m—instmcted INA polymerase (RDP) but
focus for.ination by MSV on Balb/3T3 cells it was of interest to determine
how it is taken up by such cells, both transformed and non-transformed.
This was investicjated ueing,tritimr-labeled IMB. It was found by radio-
aﬁtography that the drug is distributed throughout the cell with same con-
oeni;ration in the eyteplasrn near the nuclear membrane Cell fraet;ionation
showed that most of the material was indeed in the cytoplasmic camponents
as opposed to the washed nuclei. A pulse labeling followed'byr chasing with
| unlabeled IZMB denn*strated that the oell—assoc1ated DMB is about twice as

great in the ‘transformed as in the non—transforrred cells.

INTRODUCTION
Some derivatives of Rifamycin SV have been found to be inhibitors of

the RNA-instructed DNA-polymerase (RDP) .1—5 Sare of them selectively
inhibit sarcama virus induced transformatieh of mouse cells in tissue culture.6—8

* - Present address: Friedrich-Miescher Institutb, Basel, Switzerland.



One of these derivatives, éis—dimethy_lbenzyldeénethylrifampicin (MB) , was
tested for its potency as an ihhibi_tdrv for dimethylbenzanthracene (DMBA) induced
tumoré in rats and wés' found to have a sig*nifica.ﬁt tmnovr-_-.del‘.aying ~effect.9
Therefore, it Seared worthwhile to.undertake an investigatibn of the uptake

and distribution of DMB in a.nnnal cells. A mouse cell lJ.ne, ABll0 o1 was used
in this study. 'I'he dlstrlbutlon of DMB was investigated by ;autoradlography

and cell frac_:tiohati.on, using tritium-labeled DVB as a ‘tracer. We 'wefe able to
‘show that cell-bound DMB is | approximately two-fold higher?iﬁ virally- |

transformed mouse cells than it is in non-transformed de_lls.

MATERIALS

3[-1—1148 This was prepared by a partlal synthesis, condensing tritium-
labeled l—arm.no—2 6-d1.methyl—4—benzylp1pera21ne with 3—formylr1famycm sv.
~ The latter was prepared by the hydrolysis of rlfamp_»lc:ln whlch was kindly
supplied by Gruppo Lepetit S.p.A., Mllan, Italy. .The tritium was inoofporated
in the hyarazine in two ways: One, synthésis according to Pc:»pe:L2 and Cignare'llal3,
starting with ring—labeied benzoic acid (’New,Eng'land Nuclear, specific activity
50 mC/mmole) ; Two, tritiated water in exchange labeling with the H[AIC1,0H] complex
using a modification of Mantescu's msathocl.14 The hydrazine and water-free
aluminum chloride were mixed in the molar rat_io 12 with argon protection. The
reaction mixture was suspended in a ten-fold excess (by wé‘ight) of methylene
chloride. After 5 minutes at room temperature, tritiated'watef (Lawrence Liver—v'
nbre Laboratory) (40"C/ml) was added ét ll.qu:.d nit;'ogen temperature in a molar
ratio of 1:1 with the aluminum chioride. The ;réaction mi.x_tu.re was then warmed
slowly and allowed to stand at room temperature for 3 »hoursv,. It was then de-
camosed by adding 10% KOH while ocooling in liquid nitrogen.. The hydrazine

was extracted several times with chloroform. The activify i}x'the labile posi-



tions was back-exchanged by alternating the pH between 2-14 several times and
thus removed with the water. phase. After dxylng and evaporation of the chloro-
form, the residue was reacted directly with 3—fonnylrifamyein SV in tetrahydro-
furan (THF), yielding DMB. The DMB was isolated frbm the reaction mixture by
chranatography on silica gel with chloroform-benzene as eluents and recrystalli-
zed from acetone. The speeific activity of the resulting product was 1.01 C/Immle.
Structural identity was det'ermined by camparing the thin-layer chromatography

9

(TIC), ultraviolet absorption, metabolism in animals” and J_nl'ubltory effect on

6-8 of the 3H—D\'IB with a sample of c1s-DV[B kindly

v1ral_-—1nduced focus fonnatlon
supplied by Gruppo Lepetit. The exchange—-labeled DMB was’periodically checked
by TIC and repurified by colum chromatography, if necessary. Its hydrdgenoly—
sis shows that more than 90% of the tritium activity in the IMB is located in
the benzyl group, which was trapped with toluene carrier and assayed by a

gas dmromatograph connected w1th a proportlonal counter

Cells and Virus. The Balb/3T3, A3l cell line has been descrlbed prev:Lously
10

The virus stocks and the methods for infecting cells have been
lo,11

in detail.
described. Moloney sarcoma virus (MSV-M) was used to transform the A3l
cells. | |

Autoradigrap_hie Emulsions. The NTB2 emulsion for autoradiography was

purchased fram Eastman Kodak, Rochester, New York, and emulslon G5 and L4

were obtamed from Ilford, Ltd., Essex, England

METHCDS

Uptake of DMB in Cells. Cells (1 x 10°) were seeded into 250 ml Falcon

flasks. After 24 hours, they were infected with 107 infectious particles

of MIV(MSV) stock virus and incubated at 37°C for 24 hr. The medium was

changed to contain 3 ug/ml H-IMB and incubation then continued for 2-140
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hr. In same experiments 3H—DMB was chased for 24 hr with 3 yg/ml of inactive
DMB. The cells were washed six times (within 30 min) at 0°C with buffer A

3 MgCl, and 0.02 M Tris (g = 7.9)]. The cells

[0.25 M sucrose, 2 x 10
were trypsini-zed_,‘ counted in the hemocytareter, and an aliquot dissolved
in Protosol for the determination of the tritium activity in a Packard
Tricarb liquid scintillation comter. o

Autoradiography. The autoradiography was done with cells fixed in

situ as well as with sections cut fram cell pe'liets. For the _1_._n__ situ fixa-
tion, cells were grown and treated as described in thév ség:tion above. How-
ever, after washing, they were fixed in situ for 30 min with a solution of
2.5% glutaraldehyde in-0.1 N sodium cacodylate buffer. The flasks were rinsed
with distilled waiter and cell bearing surface cut in strips the size of a
microscope slide. .Thes'e strips were dipped into photograpﬁic' emulsion and -
after drying were stbred at 4°C in a lead box for 1 to 4 weeks.

Cell pellets were obtained by scraping cells off the plastic after
washing. .= The cell suspension was centrifuged and the pel'l'et vtreated for
30 min with glutaraldehyde, stained 30 min with 1% 0sO,( Dalton's), and
30 min with 0.5% uranyl acetate solution (Kellenberger). The cell pellet
was dehydrated with alcohol and infiltrated with Epon.

The embedded pellet was cut in 1 micron sections, mounted on a grid, and

covered with L4 emulsion, using a wire loop.



RESULTS AND DISCUSSION

ggtake of D.VIB by A3l Cells. Transfcnnedand non-transformed cells were

prepared as described. After exposure to SH-IMB for varylng periods of
time, the cells were washed, suspended with trypsin and counted. Although |
‘the flasks were seeded with the same cell nurber, after infection w1th MSV '
and transformation, the vims—ﬁelding cuitures show ccjns.isténtl‘y fewer
cells (Table I). Sliéht selective foxicity of DIMB may account for this.
difference, or the rounded cells which are released into the medium during
viral production by A3l cells were not included in the cell counts.

A concentration of DMB almost tenfold higher than that of the medium
was found associated with the cells after trypsinization. After 100 hours
exposure no apparent difference in the uptake of IMB was found in either
cell type (Fig. 1 and Table I). Cell-associated 3H—11VIB (given in the number

of 3-DMB molecules/cell) was cbtained by calculating fram the measured dpom
and the known specific activity of the SH-IMB (2.68 x 10° rolecules/dpm) .
 Up to 92% of the H-DMB is removed by trypsinizing and 60-70% can be
eluted by chasing with cold IMB (Table II). Cambination of both treatments
removes 99% of the qell-aséociated DMB. The residual IMB concentration is

almost twice as highl in transformed cells (6.3 + 0.5 x 10°

5

molecules/cell) as

in non-transformed cells (3.8 + 0.3 x 10 moleéules/ce]_.l) .

Distribution of DMB in A3l Célls. Cell fractiohatiOn and aﬁtoradibgraphy'-‘:-‘
were used to localize the DMB in the cell. For the cell fractionation, cglls.
were grown, as described in Methods, trari‘éfomed with virus and exposed to
DMB as descrlbed After washing, the cells were suSpe.nded by scraping into
buffer A and hamogenized with a Teflon-glass hamogenizer. The hamogenate was
clarified by low speed centrifugation (1000 g for 10 min) and 30% of the H-DMB

was found in the crude nuclei pellet. The pellet was washed twice with a



cne-hundred fold volume of buffer A, resuspended and centrifuged through
2.4 M sucrose (50,000 g, 1 hr). The pellet cbtained was camposed of _pﬁfi—
fied nuclei and now contained less than 1% of the activity present in the ! .'
homogenate. - |

The low speed supernatant was centrifuged for 10 hr at 100, OOO g.

The pellet containing cytoplasmlc organelles a.nd nembrane fragments ylelded
40% of the act1v1ty in the hormgenate. 'The remaining 30% of the activity
was in the supernatant. “ ,

Autoradiograp_hy was done as described in "Methods". Figure 2 is the in
situ autoradiogram of non-chased non-transformed A3l cells after 6 days of
“incubation with 3H4m48. Iﬁ shows the lowest concentration of grains in the
nucleus and the highest in the perinuclear region of the cytoplasm. Although
transformed A3l cells showed‘fhe ‘same pattern, the results were not as
clear due to the heavy growth after six days. N |

The heavy grain density around the nucleusfﬁ& not found in cut sections,
very likely due to an extraction of 3I-I—DMB during vthe embedding procedure.

A significant protion of the cell-associated - is alre_ady eluted by

the glutaraldehyde Jixation (70-90%). This fixation was used for cut sections
as well as for whole cells. However, the embedding procedure was used for
cut sections only. In this case, an additional 30-50% of the 3H-HVIB remain-
ing in the fixed cells was eluted, mainly by ethanol used in the dehydration
step. No apparent dlfference in grain den51ty over the outer menbrane was
found by counting more than 3000 grains in cut sections. -

The data cbtained py autoradiography and cell fractionation suggest
that only a very small portion of the DMB is localized in the nucleus. The
concentration of DMB in theA perinuclear region may be due to a physical
solubilization of the drug in the lipid granules due to its lipophilic

p:mpe-\.”ties-]4'5'16 These granules accumlate in the perinuclear region with

increasing age of the cell.
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T]v'xe'.qnly difference. bemeen n-cn-—_transfomed' and transformed cells

is found in the residual DMB poncenfration after tzypsinizing and chasing,

which is almost twofold higher in transformed cellé. ‘Experiments to localize

and characterize the binding siﬁe with high affinity for DMB are in progress.
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 Table I o
“The Uptake of JH-IMB by A3l Cells

Exposure to vMorphol‘ogy | No.Cells'/‘Flask' Cell-associated . Pa.rtition*

%8 (H)  of Cell x5 henm after Ratio
o | Trypsin, Mole-
cules/Cell (x 10%)

4 NT 0.38 9 3.5
T -0.46 5 1.9

30 NT 0.7 5 1.9
T 0.66 4 1.5

54 Ny 32 4 1.6
T 1.25 9 3.5

100 NT 6.0 .23 9.2
T 2.0 | 23 9.2

150 NT 6.5 © 2% 9.9

* partition ratio = conc., of IMB assoc, with the cell
' ' conc. of IMB in the medium

** NT = non-transformed; T = transformed
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Table II
Effect of Trypsin Treatment and Chasing on Cell—ASSociated '

oo

Exposure of transformed cells toH-DMB
for 48 hr followed by chasing with cold

DMB for 24 hr

No Chase v Ch‘ése
* * %k : :
No trypsin treatment - 66.3 :(100) = . 25.3 (38)

Trypsin treatment - - 5.3 (8) 0.63 +0.05 (0.9)

* No. 3I-I---IIVIB molecules. per cell (x 106) .

** Percent cell-associated 3H—DMB



FIGURE CAPTIONS | ‘ -11-

Figure 1 1. Cell-assoc1ated 3H-DVIB in A3l cells expressed in the partition

ratio conc. of 3H-IMB inside the cell (2 x 10 cells = 30 ul) as function

conc., of 3H—mB in medium -
of exposure time to 3 ug/ml DMB in Eagle's minimal essential medium.

(00 ) transformed; (4-a ) non-transformed.

Figure 2. Autoradiogram of non-transformed A3l cells fixed with 2.5%
glutaraldehyde in 0.1 N sodium cacodylate after an exposure time of 140 hr
with 3 u’g/h_\l 3H—I:MB (In the control experi:nenﬁ, inactive IMB was used.)
The sections were dipped into NIB-2 emulsion, exposed 2 weeks, stained with
Giemsa's blbod stain in 50% glycerol. The photdgraph was taken on Iodak ‘

High Contrast copy film with a Zeriss photamicroscope.
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Radioactive Control
Non—transformed Balb 3T3/A3l cells ' '

XBB 726-3254
Figure 2,
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