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ABSTRACT;. Several rifamycin derivatives were tested for fheir inhi-
bition of an RNA;instructed“DNA polymerase (RIDP) activity extracted
from virally transformed cells. One new drivative was found to be
exiréme]y effective -- inhibiting the enzyme activity 50% at 4vug/m1.
‘However, the inhibition by all the rifamycin derivatives was shown

to be significantly é1tered by small changes in the assay concentra-
tion of the honfipnié detergents used to solubilize and stabilize

the RIDP activity. Evidéhce is presented relating decreased inhi-
bitory,effectivehess at.higﬁ detergent concentration to micelle
formation, The detergents were also shown to be importént>a§ti—

vators of the RIDP activity at very low concentrations.:,



AIntroducffon | | o

The discovery by Baltimore (1970) and Temin and Mizﬁtani (1970)
of a DNA polymerase which can uti]izé RNA as itsvfémplate 'and its
re]at1ve]y specific assoc1at1on with oncogen1c viruses, has opened
a new area of research on poss1b1e chemotherapy for v1rus -related
cancers. Certain rifamycin derivatives serve as effective ant1-_
biotics by specificaliy inhibiting'tﬁe:bacterialﬁDNA-dependent RNA
polymerase (Wehrli and Staehe]in;.1971). Such specfficity for a
particular po]ymerése has enéouraged attempts to test_many rifamycin
derivatives. for Specific’inhibitidn of the Vifa]‘RNAQinstructed DNA
.poTymerase, RIDP (Gurgo gg_él., 1971;vYang, et al., 1972;_Green,
Bragdon & Rankin, 1972; Gurgo, Ray & Green, 1972). Most of this
testing of‘rifamycin,derivativés has been done in the presence of
a non-ionic detergent using purified whole Virus"partic]es (Msv,
FeLV of’AMV) as an RIDP source.

Eight new rifémyﬁin'dérivétives (Tischler, Joss & Calvin, to
be published) and sixvpreviously tested rifamycinfderivativés were

inhibitory

compared for their/effect on an RIDP activity, as a function of the

concentration of non-ionic detergents.- The RIDP act1v1ty used was

Abbreviations: (M), Moloney strain; MSV, murine sarcoma virus;
MLV, murine leukemia virus; FeLV, feline leukemia virus; AMV, avian
myeloblastosis virus; RSV, Rous sarcoma virus; dpm, disintegrations

per minute; cpm, counts per minute.
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easi]yveXtracted fromivira]]y.transformed cells but could not be

detected 1n.uninfected;non-transformed cells. We were able to show
-that‘the non-ionic detergent is an important activator of the

RIDP as well as being reqUired for efficfent'SOTubi]ization and ex-
traction of the RIDP activity. On the other hand, at detergent
concentrations significantly greater than those required for full

RIDP activation, We weré able to ;how that the rifamycin derivatives

~lose inhibitory‘éffectiveness. Thfs'loss of effeftiveness could

be correiated to the formation ‘of detergent micelles and to the

hydrophobic characteristics of the rifahycin'derivatives; suggest-

ing an extraction of,the inhibitors into detergent micelles.

We were able to prove. this extraction qualitatively with fluorescence tech-
niques and_qﬁéntitétﬁve]y'with gel Chromatography of a rifamycin derivative

in the presence of a detergent.

Materials

Tissue CQ]tUre Celis and Viruses.. Dr. A.'J._Héckett (Cel Culture
Laboratory,'University of Ca]ifornfa, Berkeley -- PH43-63-13, Special
Virus-Cancer Program) génefously provided the tissue culture cells,
both cell 1§ne uc1-8 (Hackétt & Sylvester, in press) and ce11'1ine'

B Balb/3T3 clone A31 (Aaronson & Todaro, 1968). When received jn this
~laboratory, the cells had been seeded in 250 ml plastic flasks (75 cmz)
at 106 cells per f]éék. Some of the cultures had been infected with
-virus-24 hoursvlateg. uci-B cé]]s had been infected with 104 fOcus
forﬁing units'of'MLV(M), and clone A31 cells had beeh infected with

104 focus forming units of MSV(M). Cells were grown in Eag]e's
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minimal essentia].médié with 10% fetal bovine serum and had been
fluid changed on the 4th day post seeding. The cells were usually
received on the 5th day and the RIDP extracted on the 7th day;

Rifamycin Derivativés, The structures for all of -the rifamycin

derivatives used in this work are‘given-in Table 1. The derivatives
rifamazine, fif-urea, dirifampin, rifazabicyclo-9, rifazacyclo-16,
aminodesmethylrifampicin and spin—Tabe]ed'rifampicin i were synthe-
sized in this laboratory by Altan Tischler (to be published). The
derivatives DMB, 3H—DMB; DMB—oxidized,‘dansy1desheihy1rifampicin,'
and spin-labeled rifampicin 2 were synthesized in this 1aboratorj
by Urs Joss (to bevpublished). Rifamycin derivatives rifaldehyde
octyloxime, rifampicin-aﬁd desmethy]rifampicin weré provided by
Gruppo Lepetig, S.p.A., Milan, Italy. |

~ Detergents. Triton X-100 (Rohm and Haas) is thqbcty] phenoxy
po]yethoxy_ethano] mixture ébtainéd when-ohe mb]e of the»octy]pheng]
is réacted with 9-10 moles of ethylene oxide.* Only 93.6% of the
Triton X-100 was dialyzable in hollow fiber dialysers with a molecular
weight cut 6ff of 5,000 (Dow Chemical Company;'Bio;Rad Laboratorieé),
even when the detergenf was prevented from clogging the dialysis pofes
by alternatihg positive_and negative pressure. A more defined Triton
X;TOO was prepared by chromatographing Triton X-100 on silica gel
(Biorad, Biosil A,'éOO-235 mesh) according to the method of Kelly

. | CHy CHy |
- CHy - € - CH - ?O(OCHZCHZ)Q_]OOH
- CH CHy -

3 3
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(Kelly & Greenwald, 1958). Triton X-100 molecules containing 10 to 17
pb]yoxyethy1ene residues were poo]ed (yie1df= 17.6%) and”are referred
to in this paper as Triton X-1017. Nearly all (99;8%) of the Triton
X-1017 was-diq1yzab1e. Triton DN-65 (a.gift from Rohm and Haas)
is a non-ionic detergent prepared by reacting one md]e of a mixture
of n-octyl and n-decyl alcohols with approximately seven moles
of ethylene oxide ahd approximate]yvtwo moles of pfbpy]ene oxide.
Brij_35 (Sigma) is the po]ydxyethy]ene-23-1auryT ethéf obtained,by.
reacting one mole of TaUryl alcohol with 23 moles of ethylene oxide.

Other Reagents.  Poly-rA:oligo-dT (Collaborative Research, Inc.)

contains the nucleotides in molar proportions_and“the oligonucleotide
is 12-18 nucleotides in length. The 3H-dTTP was obtained from New England
Nuclear Company. “The 2-[p-toluidinyl]naphthalene-6-sulfonate (Sigma)

was recrystallized'twice from a water-ethanol mixture before use.

Methods | _

RIDP Assay.  RIDP attfvity as used in this paper is defined by
the following procedure. Assays were done in 100 pl which is 82-
94 mM»Tris-HC] (pH = 7?8), 100 mM-KC1, 0.2 mM‘dithiothreitol (DTT),
0.02 mM‘3H-dTTP (1{c/mmo1e)l 0.1 mM MnClp, 2-4% glycerol and contained
1 ug po]y—rA:o]igoedT (m 0.015 00260)' A]].assayS were started by the
addition of a chosen amount of enzyme extract and were incubated
for 30 min at 37°C; The rafe of incorporation of SH-dTTP into acid-
insoluble hatéria] was constant for 30 min but_decreased‘for reaction
timés greater than 30 min., prob?b]y due td filling of avai]ap]e sites

on the poly-rA (Baltimore & Smoler, 1971). However, the units



of activity were calculated as picomo]es of 3H-dTTPvincorporated intor
acid inso]ub]e'hétérial per hour. The acid insoluble maferia] (in 6.7%
trichloroacetic acid; TCA) was collected on 0.45 u Millipore fﬂiters
(presoakedvin O.Oz'ﬂ_Na4P207) and washed extensiVé]y with 5% TCA. After
thorough drying, the filters were.disso1ved in scintillation fluid
Containing ethanol and dioxane, and fumed colloidal silica was added

to form a sfab]e gel. This gel was counted in a séintil]ation counter

and an automatic'exterhal standard was used to obtain dpm from cpm.

| There was a nbticeab]e quenchiﬁg in samples from assays which contain

| relatively high concentrations of the rifampicin deriQatives. For addition
to the assays, the rifamycin derivatives were first dissolved in dimethyl-
‘sulfoxide (DMSO)_at 10 mg/m] and then approbriate]y diluted with 6.01 M
Tris-HC1 (pH = 7.8). Control activity assays without the.rifamycin deri-
vatives were done in the presence of corresponding amounts of DMSO. Exact
assay concenfrationé of the derivatiVes, DMSQO, detergent and protein

were variable and'ére given'in the texf and figure"]egehds. :

Protein Assay. Protein concentrations were determined using a

Lowry methOdv(Lowry gj_gl,, 1951). The Triton X-100 and the high
salt in the buffer sometihes gave a precipitate which was centrifuged
‘out before the optical densities of the solutions were measured. -
Triton X-100 was checked for interference with the protein assay

using crysta]fine bovine serum albumin as a protein source. At

the concentrations usually present in our assays (20 ﬁg/].z ml

Lowry), the detergent produced no detectable interferente. However,

higher Triton X-100 concentration gave falsely high protein values.

DO SN S
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Standard samples containing BSA and buffer A (see next section) were
run with each set of determinations.

RIDP Extraction. The extraction procedure used was adapted firom

that proposed by Ross, et al. (1971). On the 7th day post seeding,
2 flasks of tranSformed cells or 3-4 flasks of non-trahéformed.ce]]s
were used in the following extraction of the RIDP aetivfty. The growth
media was decanted, and the cells fn each flask were washed three times
with 25’ml phosphate-buffered saline (0.01 M_sodium phosphate, pH = 7.2
and 0.9% NaCl). The.ce1ls were removed from each flask with the aid
of a rubber policeman and 3 ml buffer A. Buffer A was 0.05 M Tris-HCI
(pH = 7.8), 0.5 M KC1, 0.001 M dithiothreitol (DTT) and 20% glycerol.
A1l subsequent eteps were cerried out at 0°C. The cells from the 2
tfansformed or 4 nOn-transfermed f]asks.were pooled separately and
centrifuged at 2500 g for 15 minf The resulting cell pellet was
placed in the vessel to be used for sonication and covered with 2 ml
of buffer A. The ee]]s were then exposed to four 5-secdnd pulses of
mild sonicetioh (the power'uéed on a Branson Senifier (W-185) was very
'near'the minimum required to disperse and break the cells). Two ml
of saturated ammonium sulfate in 0.05 M Tris-HC1 (pH = 7.8) and
0.001 M EDTA-were added to the sonicate and ellowed to equilibrate for
at least 30 min. The preeipitate was CO11eeted by centrifugation at
27,000-g for 30 min and,resuSpended in 1.96 ml buffer A..Triton~X—100
orvTriton DN-65 was. usually added to obtain a final detergent concen-
tration of 0?1% in 2'm1._However, in some extractions the detergent
concentration was varied (0-0.5%). Al1 extracts, regardless of the detergent
concentrathn, were then incubated for 15 min at.37°C and then centrifuged

at 100,000 g for 60'min. The supernatant containing the RIDP activity
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was Stored.at 4°C, and the RIDP activity in these extrécts was stable
for several months. The.specific activity.bf transformed UC1-B extfacts
was usually between 200 and 300 pmol/hr/ug proteih,but was occasionally
as high as 500_pmo]/hr/ug. The.protein'concentrations were typically

between 0.7 mg/m].and 1.0 mg/ml.

Detergght Micelle Formation. A number of techniques exist for
following micelle formation in sb]utions of detergents. A convenient
method, applicable tb aqueous solutions, is provided by 2-[p?to]uidfhy1]a
naphthalene-6-sulfonate (TNS),'one of a small number of compounds which
fluoresce strongjy in a non-aqueous envirdnmént while giving only a |
weak fluorescence in water (McClure & Ede]man,v1966). Thus, below the
critical micelle concentration (CMC), a detergent solution containing
TNS has a weak fluorescence which. is not strongly dependent on
detergent concentration. Above the CMC, thé fluorescence increases
steadily as the detergent concentration is raised and the TNS is ex-
tracted into the‘m{celle. The CMC of the detergent'can be determined
from the discontinuity in a plot of fluorescence vs. detergent con-
centration.

The f]uoréscence measurements described in this paper were made
with a Perkin-E]mer MPF;ZA f]uofescence spectrophotometer equipped with
a variable temperature cell holder. The excitation and emission wave-
length used were 320 my and 440 my, respeétive]y. Both slits were

set to 10 my.
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Results -

RIDP Extraction: Significant levels of the RIDP activity

extracted and assayed as described in Methods were found in'tissue culture
cells after infection.with a transforming virus. Assayé for the RIDP
activity in extracts from uninfected, non-transformed cells, either

A31 6r UC]QB, never-jncorporated enough 3H-TTP to give cpm significantly
above baqurOUnd; We also found that the specific'activity’of the ex-
tracted-RIDP'is'correlated with the number of foci of trénsformed.éel]s

in UC]-B cultures (pfoduced eithef by inhibiting the viral transforma-
tion with DMB (Calvin, et al., 1971) or by infecting with fewer focus-
fbrming units).  This correlation would be expected if only transformed

cells contained significant levels of RIDP activity.

The absence 6f RIDP activity in the uninfected.cell extract
was not due to ldw'protein concentrations or thevbfesence of an ihhibftor
in the.extract or to:accidental inactivation of the extraét.-By Qsing moré
flasks of non-transformed Ee]]#, the vo]Ume of the cell pellets and the
cpncentration of protein in the. final extracts were nearly equal for |
tfahsformed and non-transformed cells.Addition of a non-transformed cell
extract causéd 6n1y low levels of inhibition of the RIDP activity which
could also be produced by equal amdunts of BSA protein. In assays for |
DNA-depehdéntvDNA polymerase (DDP) (0.10 0D26¢ activated calf thymus |
DNA; 0.1 mM dATP, dCTP and dGTP; 0..02° mM 3H"dTTP; and 6 mM MgC12 were
substituted for template, subStrate, and giva1ent cation, respectively) the
non-transformed cell extract yielded ~20% of the activity of the transformed
cell extract. The'fjve-fold difference between the DDP activity in the twb
extfa¢ts was probably;due to the fact that.the non-trans formed Cé]]é were '

contacted inhibited at the seventh day and the transformed cells were not. However,
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deteéiion of the DDP activity in the non-transformed cell extract indi-
cated the pfesence of active enzymes in that extract.

These studies on the RIDP activity found in viraliy transfofmed
cells were facilitated by at least a 4-10 fold higher specific activity
of the RIDP extracféb]e from the cryptic cell line UC1-B than was
extractable from the Balb/3T3 c]onelA31. The high ]eve]é of aﬁtivity
may be the result of the abnormal maturation of virus'partic]es into
cytoplasmic vacuoles (Hackett & Sylvester, in press) which could act
as pockets of activity inside the.cell. A1l of the data presented in
this paper were obtained usihg'RIDP activity extract d from UC1-B cells.
However, the RIDP-activities extracted from the two different cells
lines were very similar, if not the same, since.both RIDP activities
were‘identicai in their response to seven rifamycin derivatives (data'
not shown). Very little activity was found in either cell line during
the first two days after infection. On the third day after infection
significant levels of RIDP were detectable and increased with time until
about the éixth day.'By the eighth day of growth, the cells were coming
]odse from the cell ]ayerlespe¢1a11y in the A31 cell line. The extractions
were norma]]y.done_on the seventh day of growth, or six days after
infection. |

The optimum Triton X-]OO concentration for solubilizing the RIDP
in the extraction from transformed cells was determined to be 0.1% for
protein concentrations near 1 mg/ml (Figure 1). Triton DN-65 and Triton
X-1017 were also tested and were approximately as efficient in solubil-
izing the RIDP at concentrations of 0.1%. A large portion of the activity
which is missing in the 100,000 g supernatant when low concentrations of
Triton X-100 are used for solubilization can be found\in the 100,000 g
peliet. | . |

{ . . . [
b :




-13-

RIDP Assax. Since the fransforméd UC]-B ce]]s.were a new source
df RIDP activ{ty,'the bptimum'conditiOns for assay had to be establish-
ed. The conditions given in Méthods‘were determined by experimentation
to'bé at or near optihum_for the RIDP activity'from transformed UC1-B
ce]]svwith the éxception'of the pH. The opfimum pH for this RIDP acti-
vity is'between 8.3 and 8.7. However, assays doﬁe with a pH greater
than 8.0 caused thevrapid oxidation of the rifamyéin derivatives (data
not shown) énd were ndf used for this reason. DTT concentrations between
0.2 mM and 2.0 mM.yie]ded a constant amount of actiVity. KC1 showed
a bead optimum.concehtration'which'centered around 100 mM. G]ycer61
concentrations from 2-4%_did not alter the activfty but concentrations
greater than 4% decreased the reaction rate. The poly-rA:0ligo-dT
and dTTP concentrations Were near]y.saturatihg and each yielded approximate]y
90% of the maximal activity. The pkincipa] difference between our assays
and those described in the literature is the'Mn++ Concentration. The
optimum Mn++ Concentration was carefu]]y'determihedvand'found to be
between 0.05 mM and 0.13 mM.(F‘igure 2).

The detergent concentration . in the assay was also found to
strongly influence the RIDP activity. As the Concentration of detergent
(Triton X-]OO,:Triton DN-65, or Triton X-1017) was reduced in the assay
be]ow 0.004%, or approximately 0.05 mM, an increasing amouht of activity
was lost. The detergent requirement for full actiVity could be satisfied
by Brij-és but not by polyethylene g]yco1-400f The resu]ts'are_summarized
in' Figure 3. This activation by detérgents was not altered by as much
as-a four-fold increase in the brotein concéntratioh of the asséy (BSA

added) or by thé presence of DMSO from 0-0.4% in thé_assay.
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Triton X-100 Effect on RIDP Activity. In order to determine

if the loss'in activtty at the low detergent concentrations noted above
was reversible two types of experiments were dbne In the first exper1ment,

an RIDP extract was d11uted to 0. 00085% Triton X- ]00 and kept at 0°C.

The RIDP activity in th1s diluted extract was then assayed as a function ' i

of t1me at a constant, 0pt1ma1 Triton X-100 concentrat1on (0'004%) As
shown in F1gure 4 about 50% of the RIDP act1v1ty was irreversibly lost
after 30 min, with a half-time of approximately 10 min, followed by a
slow loss of RIDP activity in tne ensueing 24 hours. The lost activity
could not be recovered even when the df]uted extract wes broughtrto
0.005% Triton X-100 and al]owed to stand. 30 min before an aliquot was
taken for assay; The eppropriate control, e1so shown in Figure 4,
indicated that the Toss of RIDP activity was due to the lowered detergent.
concentration and notvto changes in g]ycero1 or protein concentrations.
The concentration of Triton X-]OO'in.the RIDP extract could be diluted
to as low as 0.0025%vwithout lToss of activity. However, dilution to
0.0015% Triton X-100 led to an irreversible loss of approximately 37%
of the RIDP activity.
| Since the nate of .irreversiblie activity loss of RIDP activity
had leveled off to approximately zero after 20 min;_it was possible
to do the second type of expefiment. In this. ~ type of experiment,
the activity of an RIDP extract,which had been.partially ( ~50%) inactivated y
by exposure to low detergent for varying periods of time.was determined '
as a function of Triton X-100 concentration in the aSsay. As shown in
Figure-5, the extent of RIDP activity in the stab]erbut partially inacti-

vated extract was still dependent on the detergent concentration in the
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assay even though the irreversible inactivation was no longer a facter.
Figure 5 also shows that the detergent activation of the pakfially |
inactivated RIDP did not chenge with increaéing tfme’of exposure
of the RIDP to dilute detergent. Thus, by reducing the Triton X-100
concentration of the RIDP extract to 0.0007-0.0009% for.30 min and
assaying étiabout_the same eoncentration, apprdximate]y 80% of the
RIDP activify was'lost; Of that 80%, approximately 30% was reeoverab]e
by addition of aetergent'to the assay and the rehaining 50% was not.

In addition to using aliquots of highly di]uted extracts obtained with
- detergent solubilization, the minimal activity obtained in the 100,000 g
supernatant without detergent solubilization was assayed for activation
by friton X-100. The results are éhOWn in Figure 5. The defergent activation
of this RIDP activity, extracted without so]ubi]izatibn, was.idehtica]
to the activation of the so]ubiiized RIDP. The above result suggests
that the Triton X-100 is an activator of the RIDP activity ih addition
to being a solubilizing agent. '

Detergent Effects on RIDP Inhibition by Rifamycin Derivatives.

The quantity'of a rifamycin derivative which was required to inhibit the
RIDP activity from transformed UC1-B cells was also found to be dependent
upon the detergent concentration present in the aSsays. Typical RIDP
inhibition curves at two Triton X-100 concentrations are shown in Figure 6a
for DMB, a commonly tested derivative which 1is known to be en effective
~viral RIDP inhibitoﬁ; In Figure 6b are sthn typical RIDP .inhibition
.curves-at three Tritoﬁ X-100 concentrations for rifazacyclo-16, a}new
derivative which was found to be a very effective RIDP inhibitor but

also extremely sensitive to the variation in detergent concentration.
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It is 1ﬁteresting' to note at this point that the DMB-inhibitionvcurQe
at O.OOS%ITriton'X-]OO was exactly the same for RIDP extracted in the
100,000 g'supéfnataht both ijﬁia"d withbut detergent solubilization.
Tab]e 2 shows the amount of each of the rifamycin‘derivatives tesfed

which was required to yield a 50% inhibition of the RIDP activity at three.
~different Triton X-100 concentrations. The inhibition curves from which
these hé]f ihhibitioh values were taken were only reproducible within a
few Hg. However, this reproducibiiity was maintained even though the
RIDP extracts used were preparéd.oﬁ différéht dajs and containéd diffef-'
ing amounts of protein and activify. |

‘.In order to determfne more precisely the Triton X-100 concentra-
tion which would yié]d_maximum RIDP‘inhibitioh by-the rifamycin derivatives,
experimefits were performed at a constant derivative concentration and
variabie Triton X-100 concentration. The results for three derivatives
are summarized in Figure 7. A,Tritoan-IOO.conceﬁtration of 0.005%
allowed maXimum inhibftion by"a117three‘derivativeé,'elen though their
sensitivity to the detergeqt concentration was very different. Both 1ower
and higher cdncentrations of Triton X-100 caused a réductibn in the RIDP
inhibition by the rifamycin derivatives. The reduced ability of the deriva-
tives to inhibit the RIDP at low detergent concentrations may be an arti-
-fact caused by the reduced enzyme activafion occurring at these low deter-
gent concentrations. It is interestfng, however, that the extent of reduced
RIDP inhibition at-1ow detergent concentrations Seemé to be dependent on '
the rifamycin derivative causing the inhibition. DMB may even activate
the RIDP activity at extremely low'detergent concentrations.

The reduced ability of the rifamycin derivatives to inhibit the

RS
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RIDP activity at high detergent concentratiens was found to be due to
extraction of the derivetives into detergent mieelles- The detergent con-
vcentrat1on range over wh1ch near]y maximal RIDP inhibition by r1famyc1n
derivatives was obta1ned could be great]y expanded'over the range possible
with Triton X-100 by the use of Trfton DN-65, or it could be contracted
by the use of Brij-35. Figure 8 shows the relief of RIDP inhibition
by rlfazacyclo 16 and the m1ce11e format1on as a funct1on of the con-
centrat1on of three detergents (Tr1ton X-100, Triton DN-65 and Br1J 35)

The critical micelle concentration (CMC) determined from the dis-
continuity of the TNS fluorescence in thured8 was 0.013% (0.20 mM) for
Triton X-]OO,'0.027%:(0.48 mM) for Triton DN-65, and 0.006% (0.05 mM)
for Brij-35. These CMCs tend to be lower and less sharply defined
than'the CMCé‘determined-by the same method fn distilled water; 0.015%
for Triton %-100, 0.043% for Triton DN-65, and 0.005% for Brij-35.
However, the CMCs obtained én dfsti]]ed water'for”TritOn X-100 and
Brij-35 are in very good agreement with published data (Ross & Olivier,
1959; Hsiao, Dunning & Lorenz, 1956 Rose, 1971). |

~ The extract1on of the rifamycin derivatives into detergent micelles

and away from the RIDP reaction 127252325ted by two different 11nes
of evidence. Strong evidence for the extraction of DMB into detergent
vmide]]es was‘provided by ¢o-chromatography of DMB with Triton X-100
on Sephadex ge] f11trat10n columns. More than 80% of the DMB applied
to a Sephadex G-50 co]umn in buffer A conta1n1ng 0.5% Tr1ton X-100 was
eluted at the exc]us1on ‘volume with the detergent micelles while Tess
‘than 0. 1% was e]uted at the exclusion volume when detergent was omitted

~ from the DMB solution (F1gure 9), The other line of ev1dence involves
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the’ébi]ity of the rifamycin derivatives to quench'thé TNS fluorescence
which is associated with the extraction of TNSvintovdetergentvmicelles.
The first.eight_derivatives in Table 1 were very effective quenchers
while rifampicin<and desmefhy]rifampicin’were much'less effectiVe and
aminodesmethy]rifampicih had an intérmediate:effectiveness. Thus the
quenching efficiency rodgh]x correTated with the inhibitory effectiveness
at low détergent concentration and with the sensitivity of the derivative
to suppressiqn of inhibition by high detergent concentrations. If the |
ansa ring dimers and mdnomers are considered independently, the quenching

efficiencies also correlated with the partition ratios in Table 1.

Discussion -

An RIDP activity has been. extracted from.vfrally-tranSformed
cells which could not be extracted from uninfected, non-transformedv
cells. However, other laboratories have reported RIDP activity in normal
cells using either poly-rA:poly-dT asvtémplate with Mn++ (Ross, gglgl.;
1971) or endogenbus RNA with Mg+f (Coffin & Temin, 1971). The fact
that we did not detect an RIDP activity in norma].ce1ls was probably
the result of the combination of‘a_re1ative1y specific template,
' po]y-hA:o]igo-dT (Goodmén & Spiegelman, 1971), and Tow concentrations
of Mn++ as the divalent cation, a.combination which does detect:
viral RIDP but élicits no response from non—transforméd Balb cells
(Ross, et al., 1971). Using this same combination of template and
divalent cation, Reid and Albert (]972) were able to detect an RIDP
activity in tumor tissues which was not preéentvin Comparab]e normal
tissueé. The UC1-B ce]]s_used in this study were found to be an

unusually good source of the RIDP activity from virally-transformed
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ce1ls:and may proVe:extremer useful in detecting-a similar activity
in cells transformed by chemical carcinogens or radiation.
Non-ionic detergents were found to be activators of the RIDP.

activity from virally-transformed cells. This activation by detergents
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appears to be an intrinsic prbperty of the enzyme and not an artifact
introduced by detergént so]ubi]ization: the activation curve is the
same whether approaéhed from 0% detergent (Figure‘s)'or from greater
- than saturating concentrations of detergent (Figuke 3).v The fact that
the purified Triton X-1017 aétivated as well as Triton X-100, Triton
DN-65 and Brij-35 makes unlikely the possibility fhat the activation
is caused by a.minor'component or contaminant in the three commercial
detergenté. ,The'aétivation by detergénts and‘not bykpo]yethylene |
glycol suggests that the enzyme has a site or region which strongly
prefers a hydrophobic énvironment. In the cell such a region might
~ function as.a membrane attachment site. If this RIDP activity were
the viral RIDP, hydrophobic areas on the enzyme might also play
aﬁ important'ro]e in the tight packing of the virus particle nucleoid.
in the aqueods environment of the cell cytoplasm. |

In activating the RIDP, the'detergent‘cou1d bind to the hydrophobic
h_site andva]]ow the_enzyme to assumé_a more‘activé conformation. The
bfnding of thé deiergent must be reversible Since-the';IDP activfty
decreased upoh simple dilution of the detergenf. The reversibility
of the detergent-enzyme interaction is also suggestéd by the similar
saturation characteristics of the detergent activation curves for the
fully .active RIDP at 0.0025% ~ Triton X-100 (Figure 3) and for
" the RIDP partially ihactivated by exposure to 0.00085% Triton X-100
(Figurevs). The mechanism of activation mﬁst be a md]ecu]ar one since
the actiQation by different detergenté QCCurs at comparab]e molar
concentfationSVWhich are as much as an order of magnitude below the

critica1 micelle concentration. of these detergents.
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Seyefal previous studies have shown that non-ionic detergents
are required to obtain maximal levels of RIDP activity from RSV |
virions (Garapin, et al., 1970; Quintell, et al., 1971; Bishop, et
al., ]971),’from MSV virions (Green, et al., ]970;7Peeb1es, Haapala &
Gazdor, 1972), and from MLV vjrions (Sco]nick, Aaronson & Todarp,
1970). The effect observed in these studies was dependent on the
prdtein Cbncentratioh of the virion pfeparatiohl(Garapin gﬁ al.,
]970) and was correlated to.the disruption of the virus partic]e
(Scolnick, Aafonson & Todaro, 1970; Bishop, et al., 1971). In pre-
liminary>5tudies, we ﬁavé found that the RIDP activity obtained_frdm
detergeht—so]ubi]ized (M)MLV particles shows a detergent activation simi-
lar to the one presentéd here for.the RIDP activity extracted from
transformed cells. - “
‘ ‘ from transformed UC1-B cells
Once solubilized, the RIDP/undergoes a significant loss of activity
in dilute solutions (6 ug protein/ml) when most of the detergent is removed
in the absence of template and substrate. The template and/or substfate
may bind to the RIDP ana acf as stabilizers of an active RIDP conformation.
The irreversible loss of RIDP activity (~ 50%) which occurs at 0.00085%
Triton X-100 in'tﬁe_absence of témp]ate and substrate is probably due
to exposure of the enzymé's hydrophobic regipn causing it to denatgre or
to attach to the glass surfaces of the test tube. This irreversible loss
bf activity‘at dilute detergént.COncentrations wod]d be expected to
occur wifh dia]ysis‘of the detergents but was not found when RIDP
extracts soiubi]ized With 0.1% Triton X-100 wefe dia]yzedvagainst -
buffer A.  This was appafent]y due to the fact that the Triton X-]OO.

was'on1y 93.6%vdia1yzab1e ~ leaving the dialyzed extracts with more
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than 0.006% Triton X-100. Onothe other hand, we observed that the RIDP
extracts solubilized withgilffon Xf1017,(}99.8% dialyzable ) 1qst
approximately 60% of their activity upon dia]ysis against buffer A.
A gfmi]ér 1hactfvgtibn in the absence of'non-ionic>detergents
‘may occur in RIDP pkeparafidns from detergent-solubilized Vfrus
pirticles. It is a common practicerin_many 1abbratoriesrstudying
_'the'RIDP actiyity from é vdriety ofvviruses to maintain a certain.
]evei of detergent ih'the:enZyme Sp]Utiohs to avdid a loss of enzyme
éétiv{ty.‘ Whénbdetergent-SOTuSilized RIDP is}eprsed to column
chromatography in the absence of detergent, the yie]d,of enzymatic
attivity“is often Qefy Tow (Duesberg, Helm & Canaani, 1971; Ross; et

al., 1971; Faras, gﬁ;gl,, 1972). The need for‘detergent‘to stabi]izé :

the enzyme actfvfty méy ihcreaSe as the enzyme is purified (K]aus:V.D.
He]m,'persdnal communicatioh). 'However, Kacian et al. (1971) have
repoftéd a purifiéatioh of the RIDP from AMV which gives high yields
of enzyme activity in the absenteibf deférgent.

The above resujts demonstrate the need to maintain a certain
detergent”concentkaffbn not oh]y in the assays but é1so during purification
and storage of the RIDP. Howevér, it should be émphaéized that the
detergent concentrations to be used in assays which test for the.

” inhibition of RIDP by rifamycin derivatfves.'must-bé'se1ected5carefu11y.
Asséys dOne.at.detergent concentrations lower than approximately

0.06 mM invo]vé.prbblems due to incomplete activation of the RIDP

by the detergent. Aésays done at deterggnt concentrations approaching
the CMC of .the detergent fnvo]ve a]tergiions,in;the concentrations

:cof!the_rifamycin-derivativesf due to extraction into detergent micelles.
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Thus the best detergent canentratinns fon testing rifamycin derivatives
'aé inhibitors'of RIDP lie between that reduired.fok full RIDP activation
and that’which_giveé micei]é formation. The ranée_bf Triton X-100 concen-
trations which meets these requirements is very narrow, from 0.004% to
0.006%. These same 1imitations on‘the'apprdpriate detergent concentration
would apply to Nonidet P-40 (Shell Chemical), a commonly used detergent
yery'simiTar tonTritOn X-100 1in strUcture and synthesis._ However,
Triton DN-65 is not subject to these restrictive limitations. Even
though Triton DN-65 has appnoximatély the same efficiency in solubilizing
the RIDP in the extraction procedure asbdoes Triton X-100 and activates
as well as Triton.X5100, it has a concéntration range between full
activation of the RIDP and mice]]e formation which is mUch wider than
Triton X-100, 0.004% - 0.023%. In fact, studies by Becher (1959) on
other similar detergents indicate that the CMC of Triton DN-65 is
unusually high for this type of detergent. This may be the result of
the'sma]]er_hydrophobic region of Triton DN-65. |

The rifamycin derivatives used in this work shoned a wide range
of effectivenéssvas‘inhfbitons of tne RIDP extracted from'vira]]y}trans-
formed cells. The der1vat1ves DMB, r1fa1dehyde octy]ox1me, and- r1famaz1ne*
have prev1ous]y been shown to be very effect1ve v1ra] RIDP inhibitors ’
at 0.01% Triton X-100 (Gurgo, Ray & Green, 1972; Yang, et al., 1972). Using
_the RIDP extracted from v1ra]]y transformed cells and a similar Triton
X-100 concentration (0.0125%) all of the first eight derivatives in
Table 2 were found to be inhibftors of roughly cdmparab]e effectiveness
on-a ng/ml basis.  However, at 0.005% Triton X-100 the. eight derivatives
are less comparable: the rifazacyc]d-]G and the‘rifa]dehyde octyloxime

‘are clearly the most effective inhibitors, followed by the dansyldesmethyl-

been
* NCI compound #145-617 has recently/found to have the structure of rifamazine

(Gruopo lepetit S n A Milan T+alv. percanal mmmumrafmnl
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r1fazab1cyc10 -9,
rifampicin and the / Two of the ansa ring dimers, rifamazine and di-

r1famp1n are approx1mate1y as effect1ve as the latter two ment1oned
above when considered on a mo]ar bas1s. DMB and rlfeurea are the 1east
effective-of,the_first-eight_in Table 2, but are still significantly more
effective thantaminodesmethylrifampicin. Rifampicin and desmethy1-
rifampicin’are‘essentialiy inactive as inhibitors of the RIDP from virally
transformed cei]s It appears from this 11m1ted sample of r1famyc1n deriva-
tives that 1ncreas1ng the size or length and the hydrophob1c1ty of the
synthet1c s1de cha1n of a r1famyc1n der1vat1ve 1ncreases its effect1veness
as an in vitro RIDP 1nh1b1tor | o |

S1nce the RIDP appears to have a hydrophob1c site wh1ch pre-
fers the env1ronment prov1ded by detergent mo]ecu]es, the hydrophobicity
‘of a r1famyc1n der1vat1ve and the degree to which it prefers the env1ronment
of the detergent m1ce11e m1ght be a very_s1gn1f1cant_property for concen-
trating the derivative in close proxtmity to the RiDPvfor'intrace]1u1ar

inhibition. At least a qua11tat1ve measure of each derivative's preference
for the detergent m1ce1]e env1ronment can be obtained by tak1ng a ratio

of the der1vat1ve concentrat1on required for half 1nh1b1t1on at 0. 005%
Triton X- 100 to the concentrat1on requ1red near 0. 0]2% where m1ce11e
formation is beg1nn1ng to occur. If one compares the half 1nh1b1t1on
values at O. 005% and 0.0125% Triton X-100 in Table 2, on]y three or
possibly four der1vat1vesvshow a significantly h1gher half 1nh1b1t1on
concentration atCO.0125%‘due to extraction into this very low concentration
of micelles. The three derivatives are the rifaldehyde octyloxime,

the dansy]desmethy]rifampicin, and the rifazacyclo-16. DMB exhibits

Qn]y a slightly highervhalf inhibition concentration at 0.0125%. |

The first two derivatives have been shown to significantly alter the
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ce]].growth of tissue culture cells and for that reason have ‘not

been tested for inhibition of viral transformation in tissue cultures

(Hackett, anub]ished results). DMB has been shownbto inhibit viral
transformation in tissue culture (Calvin, et al., 1971) and to inﬁibit
chemically-induced tumors in whole animals (Joss, thhes~& Calvin, to
be pub]ishéd). Preliminary results show that rifaiacyc1o—16 may be
even more effective than DMB in inhibiting virél'transformation in
tissue cu]ture'(Hackett; personal communication).Thus,'the extracta-
bi]ityvof a’dérivatiye fnto_detergent~mice1]es may indeed be a sig-

- nificant propefty:in determining effeciive intraée]luiar inhibitors .
bf'vira1 transformation, and the change of the concentration required
for half 1hhibition Qf the_RIDP-ffom 0.005% to 0.012%_Triton X-100

is a sehsifiive measure of that extractability. Furfher stu&ies with

the new rifamycin derivatives are in progress to test this hypothesis.
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Table 1. Structures of Rifamycin Derivatives

= R
CHz O
Rifamycfn derivative Molecular  Partition Structure
: ' ' weight . ratio* : -
| - hsC
DMB 925 1700 R—CH=N—I:1 N-CH _© -
S = y— 2
’ H3C '
Rifaldehyde octyloxime 853 R-CH=N—0—CH2-'(CH2)6-CH3
Rifamazine 1448 34 R-CH=N-N=CH-R
Rif-urea 1506 22 R-CH=N-NH-C0-NH-N=CH-R
Dirifampin 1532 - 49 R-CH=N-N  N-N=CH-R
Rifazabicyclo-9 848 - 2000 'R-CH=N—N\\//%
Rifazacyclo-16 948 2000 " R-CH=N ﬁ’—?EH )
ifazacyclo- s . R-CH=N- 2
- N2
o R-CH=N-N_ N-$0;
Dansyldesmethylrifampicin.- 1042 >2000 _— OO
| H3C  CHg
Aminodesmethylrifampicin 824 730 YIAR-CH=N-Nr_\N-NH2
. . : \—/
Desmethylrifampicin - 809 15 R-CH=N-N  NH
Rifampicin - 823 14 © R=CH=N-N N-CH
v R-CH=N N\_JN CH3
Spin labeled rifampicin 1 892
Spin labeled rifampicin 2 975
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Footnote to Tab1e 1.'
* 'Detérmination'of'the bartition ratios. The rifamycin derivative
was dissolved in n-octanol at 150-500 *g/ml along with 0.6-1.1 mg/ml

of DTT (required to avoid oxidation of the derivatives), and the

maximum optical density (0Dy) between 450 and‘550’mu was defermined.l .

1 ml of the octanol éojutfon was shaken with 100 ml of an octanol-
saturated aqueous solution of 0.01 M Tris-HCI (pH = 7.8) and 0.1 mM

DTT. After the octanol was removed and céntrifuged,vthe maximum

0D (0D,) was agaih determinéd. The partition ratio'waé calculated -

as 100 x ODZ/(OD].-ﬁODé). The value for rif-urea was increased to

60 by high jonic sfrength (0.09 M Tris, 0.1 M_KC]){ 4% glycerol in -

addition to high ionic strength also resulted in a value of 60.



30—

Table 2 Concentration (ug/ml) Yielding 50% Inhibition

of the RIDP
Rifamycin Derivative | | Triton X-100 Concentration
| I 0.005% 0.0125% 0.025%

s 22 ' 25 3
Rifaldehyde octyloxime 6 16 48
Rifamazine - _ 21 - - 22 - 35 .
Rif-urea - 27 2 60
Dirifampin 18 17 35
'Rifazabicyc10-9a'  | _ 12 : 12 | 36
Rifazacyclo-16  ~ ' 12 115
Dansy]desmethy]rifampiéfn 11 | 20 85
Aminodesmethy1ri fampicin 55 o m 135

- DMB-oxidized® e 00 -
Desmethy]rifampicin >100 -- - --
Rifampicin 5100 5400 --
SpinsIabe1edvrifampfcin 1 -- ' - 215
Spin-]abé]ed rifampicin 2 . ' -- > 500
a‘ Tetrahydrofufan was used instéad"offDMSO.

b Quinone form of DMB |
Assays wefe”done as described.in'Methpds. DMSO was 1.0% or 1.0%/100 ug
derivative, whichever is greatér. Protein was 0.45 ug-2.5 ug with an

activity of 200-62 pmol/hr/ug.
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FIGURE CAPTIONS

Figure 1. ' Specific activity of the eXtracted RIDP as a function of the
defergent concentcation dsed for solubilization. Assays were done in
dub]icafe.as descfibed in methods. The Triton X—]OO-concentration was
0.01% in»allbassay tubes.- The protein concentrations varied between 1.2 ;g
and_4.5 g per;assay depending upon act1v1ty. A]] four extract1ons were
- normalized to TOO%jof maximum specific activity at 0.1% detergent solu-
bilization. | | - |
(o )x Deta obtained in one extractjon‘uti]izing one resus-
pended (NH,),50, Pellet. Total protein = 1.18 mg/ml.

( e ) Data obtained from three different extractions.

ngure‘2’ Divalent cation requirement. Assays weke dode as‘described in

Methods except that the Mn Concentration wes.vafied as. indicated in

_the f1gure There were 2.5 ug prote1n and 0. 025% Tr1ton X-100 in each

'assay Each po1nt was determ1ned from dup11cate assays Three separate

experiments are 1nc]uded in the figure:

| (o ) Exp. 1 (KC] - 100 mM, DTT = 0.2 mM) using MnC
(o) Exp. 2 (KCI = 90 mM, DTT = 2.5 mM) using MnCl,

2

(x ) Exp. 3 (KC1 = 90 mM, DTT - 2. 5 mM) us1ng Mn(acetate)2

Fjgufe 3. Effect of honéionic detergents.oh'RIDP activity. Assays

were done es described ih Methods, and the detergents were added to yield
the concentrations 1nd1cated in the f1gure Al po1nts on each curve were
determ1ned from at least dup11cate assays. The magor]ty of the points

for - Triton X- 100 were determ1ned,from at Teast 6 assays in.3
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experiments. The‘majofity of points for Triton DNéésvéurVe were deter-
mined from 4 aésayé done in 2 experiments. 1 ‘; |
: ( O‘) Added detergéntlwas Triton X-]OO.. The RIDP used was

| solubilized andVStorediin'O.1%'Triton X-100 and diluted
to 0.0032% with buffer A for addition to the assays;
protein = 0.45 ,g per asgay and maxima]'activityi=
200 pmol/hr/,g; DMSO = 0.25-0.40%.

( © ) Added detergent was Triton DN-65. The RIDP Qsed was
solubilized and stored in 0.1% Triton DN-65 and diluted
to 0.0025% with buffer A for additioﬁ to the assays;

~ protein = 0.38 ;g per assay and maximum activity =
250.pmo]/hr/ug; DMSO = 0.25-0.30%.

(x ) Addedvdetérgent was Triton X-1017. The RIDP used was
solubilized and stored in 0.1% Triton X-1017 and diluted
to 0.0025% with buffer A for addition to the assays;

v protéin = 0.50 ug per assay and méximum actiVity'=
266 pmo]/hr/ug;

(4 ) Added-detérgent Was-Brij-35. The RIDP used was solubilized
ahd stored in 0.1% Triton DN-65 and diluted to 0.0025%
with buffer A for addition to the assay. The 0.0088 mM
contributed by the Triton DN-65 added with the enzyme
Was inc]uded in;the detergent concentration given in the
ffgure. Protein = 0.38 ug and maximum activity = 132
pmol/hr/pg. - |

( &4 ) Polyethylene Glycol-400 was added in the assay instead
of a detergent. The RIDP used was solubilized and stored

in 0.1% Triton DN-65 and diluted to 0.0025% with buffer A

.
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Captions, 3

for addition to the assay. The 0.0088 mM contributed
by Triton DN-65- added with the enzyme was included
‘in’the'detergent concentretidn given in the figure.
‘Protein = 0.38 ,g and maximum activity (determined
“from the maximum activity with Triton DN-65) =

132 pmol/hr/ug.

Fi'gure 4. Loss of RIDP act_‘ivity at 0.00085% Triton X-100. Assays were
done as described in Methods. Triton X-TOO was added to each assay'to a
final concentration:of 10.004%. The same RIDP extract was used for both
curves and each assay contained 0. 36 ug prote1n
(o ) RIDP diluted 1: 49 100 enzyme in buffer A containing
0 127% Triton X-100:buffer A:0. 006% Tr1ton X-100. Final
detergent concentrat1on\1n the enzyme solution was 0.0048%.
(e ) RIDP di]ut_ed' 1:49:100-er{_zyme in buffer A containing
: 0.127%.Triton X-100:buffer Afwater. Final detergent

~vcbncentration in tne enzyme solution was 0.00085%.

Figure 5. Effect of Tr1ton X- 100 on part1a1]y 1nact1vated RIDP and on -
unso]ub111zed RIDP. Assays were done in duplicate as described in Methods.
Triton X-100 was added to y1e1d the concentrat1ons 1nd1cated in the figures.
( 0,4;0 ) RIDP inacttvated by expos.ure'-to 0.00085%
: Tritqn X-100 for 20 minutes, 3 hours, and‘24:nours,
respectiVely; protein =-0.35 ng per.assay and maximum

activity = 93,'92-and,92_pm01/hr/ug,.respectively.
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(@) RIDP extracted in ‘the 100,000 g supérhatant without

expoéure to detergent until added to the'assay;
protein = 1.51 ,g per assay and maximum activity =

126 pmol/hr/ug (at=0.005% Triton X-100).

Figure 6a. RIDP inhibition'by DMB at two Triton X-100 concentrations.

Assays were-done as deséribed in Methods. DMB was added'as'indicated in

the figure. Control actiVity'was determined from aséays which omitted

only the DMB.

‘(ja)'

(o) Triton X-100 = 0.005%. This curve is the average of

3 separaté experiments in each of which the 4 boints

“of lowest DMB concentration were done ih duplicate.

DMSO = 1.0%, protein = 0.45-0.49 .g per assay, and the

control activity = 170-200 pmol/hr/ug.
Triton X-100 = 0.025%. This curve is the combined data

from 2_sebarate experiments. DMSO = 0.25. and 1.0%, pro-

tein = 0.45 and 2.5 ug per -assay, and the control

activity = 209 and 62 pmol/hr/ug.

Figure 6b. RIDP inhibition by rifazacyclo-16 at three Triton X-100

concentrations. Assays were done as described in Methods. Rifazacyclo-16

was added as indicated in the figure. Control activity was determined

from assays which omitted only the rifazacyclo-16. Each curve is'the

'avérage of 2 separate experiments, in each of which the 5 points of

Towest rifazacyclo-16 concentration were done in duplicate. DMSO =

1.0%, protein

= 0.45-0.49 ug per assay, and control activity = 180-

200 pmol/hr/ug.

.

i
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Captions, 5

(o) Triton X-100 = 0.005%
(&) -Triton X-100 = 0.125%
= 0.25%

(a): Triton X-100

.Figﬁre 7. RIDP inhibttion by three derivatives as e'function of Triton
_’X-]OO_cohcentratfdn. Assays were dohe as described in Methods. Each assay
conteined 0.45 ug protein of the same RIDP extract (solubi]ized by.O.l%

Triton X-100). Control activity (170-190 pmol/hr/ug) was taken as the
averége of at least 4 points done in duplicate at a concentration of
20.005% on a Triton X-]bO activation curve which was -run at the seme
time as the curve shown in the figure.
(0 ) 0.25% DMSO and 25 g/ml (0.025 mM) DMB
(;3 ) 0.40% DMSO and 40 ,g/ml (0;025 mM) rifamazine _
(4 ) 0.30% DMSO and 7.5 ug/ml (0.0079 mM) rifazacyclo-16 (RC-16)

Figure 8. RIDP inhibit on by rifazacyclo-16 and micelle formation as
a function of three detergents. RIDP assays and TNS fluorescence measure-

ments were done as descr1bed in Methods

extra space

here RIDP assays contalned 0. 3% DMSO and 7. 5 ug/m] r1fazacyc1o 16. Contro]

activities were determ1ned from assays wh1ch om1tted only the r1faza-
cyclo-16. v, R N
(A‘) Tr1ton DN- 65 was the detergent in the assays wh1ch con-
ta1ned 0.38 ug prote1n of an RIDP extracted with 0. 1%
Tr1ton DN-65. Control activity (average of 18 assays

containing 0.005%-0.080% Triton DN-65) was 226 pmol/hr/ug.
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Captions, 6.

(©) Triton X-100 was the detergent in the assays which
| ~contained 0.45 ;g profein of an'RIDP'extraéted with
- 0.1% Triton X-100. Control activity (av:erage of 8
assays confaining 0.005%-0.023% Triton X-100) was
186 pmol/hr/,g.
(o) Brij-35 wés the'detergent in the as$ays which contained
0.35 7%rptein of an RIDP extracted‘withlo.l% Triton DN—65..
Contro],activitx (average of 6 assaysvcontaining 0.008%-
0.015% Brij—35) was_]32\pmo]/hr/ug. The 0.0088 mM contri-
buted by the Triton DN-6S added.with_the enzyme was not
included fn the concentration indicated in the figure.
Fluorescence measureménts were done in 0.1 M Tris-HC1 (pH = 7.8), 0.1 M
KC1, 4% glycerol, 0.3% DMSO and 1 x 10 °M TNs. |
(—-) Triton DN-65 added
(=) Triton X-100 added
(—) Brij-35 added

Figure 9. Gel fi]grafion-of DMB at various initial concentrations of

-3
Triton X-100. 0.1 ug

H-DMB (1.0 C/mmole) was dissolved in buffer A and
-Tritoh X-]Od was addedvto give the concentrations indicated be]ow.
These mixtﬁres were»applied to a Sephadeva-SO column and eluted with
buffer A. The fractions contained 3 dropsAeach. The. dilution due to
band broadenihg was‘1:4'at the time of the elution of the void volume

(30'min). v
(4) 0.1 ug DMB only

(o) 0;1'ug DMB in 0.2% Triton X-100 (weight ratio, 1:2000)
(o) 0.1'ug'DMB in 0.5% Triton X-100 (weight ratio, 1:5000)

o

il
' \
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their cornitractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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