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T-PM-Pol .USE OF THE DYE HOECHST 33258 IN A MODIFICATION OF THE BROMODEOXYURIDINE
PHOTOLYSIS TECHNIQUE FOR THE ANALYSIS OF DNA REPAIR. B. S. Rosenstein* and R. B. Setlow
(Intr. by M. Simon), Biology Dept., Brookhaven Nationgl Laboratory, Upton, N.Y. 11973,

A modification of the BrdU photolysis technique” used in the measurement of the
repair of damage in DNA has been developed employing the bisbenzimidazole dye Hoechst
33258. 1In the original technique 313 nm light is used to photolyze BrdU incorporated into
parental DNA during repair. In the modified procedure cells are treated with 10 pg/ml of
the dye in PBS for 10 minutes and due to the broad absorption band (maximum at 356 nm)
exhibited by chrowatin bound dye, 365 mm light may then be used for the photolysis. The
number of breaks in BrdU substituted DNA_fre proportional to the extent of substitution
and to the dose. Approximately 2.1 X 10 ' breaks/BrdU residue per J/m~ are produced in
fully substituted DNA from V79 cells by both 313 nm and 365 mm light with dye. The doses
used to produce BrdU photolysis are therefore about the same for the two procedures but
the modification has several advantages. 1) 365 nm light is not as strongly absorbed as
313 am light by many chemical carcinogens and therefore some of the effects produced in
unsubstituted, unrepaired DNA by 313 nm light may be avoided. 2) Irradiation times may be
reduced because the output at 365 nm of a high pressure mercury arc lamp is about double
that at 313 mm. 3) It is possible to use a low pressure "black light" as a source for
photolysis because of the similarity of its emission spectrum and the absorption spectrum
of the Hoechst dye when bound to chromatin. The latter advantage greatly simplifies the
equipment necessary to carry out the BrdU photolysis procedure. (This work was supported
by the Department of Energy and BSR is a Fellow in Cancer Research supported by Grant
DRG-215-F of the Damon Runyon - Walter Winchell Cancer Fund.)

1. Regan, J. D., R. B. Setlow and R. D, Ley. P. N. A. S. 68: 708, 1971.

T-PM-Po2 IS THE PHOTOHYDRATION OF 1,3-DIMETHYLURACIL CONCENTRATION DEPENDENT?T Helen G.
Sellin* and R. O. Rahn, Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830.

A very careful examination of the quantum yield (¢) for photohydration of 1,3-dimethyl
uracil (DMU) was made by Burr et al. (1). These workers found approximately a 3-fold decrease
in ¢ going from 1073 M to 1074 M DMU. On the basis of their findings, as well asother values
in the literature, they concluded that DMU photohydration is unsuitable as a general secondary
actinometer. We have reexamined this problem and f}nd, in contrast to the results of Burr
and coworkers, a constant value of ¢ = 13 * 1 X 10”° for DMU concentrations between 10‘4 and
1077 M and for irradiation wavelengths between 248 nm and 289 nm. These results are consis-
tent with those reported by Johns (2) and su¥port the use of DMU photohydration to estimate
light fluences in the ultraviolet region. ("Research sponsored by the Division of Biomedical
and Environmental Research, U.S. Department of Energy, under contract W-7405-eng-26 with the
Union Carbide Corporation.)

(1) Burr, J. G., Gilligan, C., and Summers, W. A. Photochem. Photobiol. 24, 483 (1976).
(2) Johns, H. E. Photochem. Photobiol. 8, 547 (1968).

T-PM-Po3 A COMPARISON OF THE EFFECT OF UV ON RNA AND PROTEIN SYNTHESIS IN NON-DIVIDING
POPULATIONS OF DNA EXCISION REPATR PROFICIENT AND DEFICIENT HUMAN CELL STRAINS.
G, J, Kantor and D, R, Hull¥ Wright State University, Dayton, Ohio 45435,

Human cells cultured in medium containing 0.5% calf serum can be maintained in a non-
dividing state for long periods (»1 y) and remain viable. Irradiation of these cultures with
reasonably low doses of UV (254 nm) causes cells to detach from the culture vessel surface.
The detached cells are not viable. The extent of cell detachment is dose and strain
dependent. DNA excision repair deficient cells (XPL2BE) are more sensitive than excision
repair proficient cells (XPLEE, WI-38, WS-1). Results of experiments measuring the effect
of UV on synthesis of RNA (3H-ur1dine incorporation into RNA) indicate that it caused an
immediate depression in the rate of RNA synthesis in all strains examined. A recovery to a
control rate occurred in XP12BE populations at doses € 4 J/m2 and in repair proficient
populations at doses €20 J/mg. These doses permit »60% survival in the respecgive populations.
No recogery was observed at doses that have a large effect on survival (>4 J/m for XP12EE;
>40 J/m for gepair proficient strains). No initial effect on rate of protein synthesis
(measured by “H-leucine incorporation) at doses <20 J/m? was detected. However, in XPL12BE
populations, a decreased rate first evident at 8-12 h post-UV and prior to any cell detach-
ment, was observed for doses as low as 7 J/m". This delayed effect was not observed in
repair proficient populations. The results are consistent with the hypothesis that the
lethal action of UV in arrested cells is one on DNA that leads to an inhibition of required
protein synthesis by preventing RNA transcription. Removal of DNA damage by excision
repair can to a limited extent prevent this inhibition. (Supported by NIH grant CA-164TT;
present address: Biology Department, Brookhaven National Laboratory, Upton, N. Y. 11973).
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T-PM-Pot A NONRADIOACTIVE ASSAY FOR THYMINE DIMERS IN UV-IRRADIATED DNA.T Susan §. Chang#*
and R. 0. Rahn (Intr. by W. E. Masker), Biology Division, Oak Ridge National Laboratory,
Oak Ridge, TN 37830.

A procedure has been developed whereby thymine containing dimers can be assayed for in
nonradioactively-labeled DNA, Irradiated DNA was hydrolyzed in strong acid and the thymine
containing dimers separated from the rest of the bases on WA-2, Reeve Angel ion-exchange
paper (Brown and Holt, 1967), using 0.1 M acetic acid adjusted to pH 4.8 as a solvent. Since
the dimer peak is located closer to the solvent front than thymine, the problem of thymine
streaking into the dimer region is eliminated. Elution of both the dimer and thymine frac-
tions from the paper was easily accomplished, using water as a solvent, The dimer fraction
was monomerized back to the free bases using 254 nm radiation and the thymine content ana~
lysed for, using the fluorescence assay developed by Roberts and Friedkin (1958). In this
assay, thymine is degraded to acetol, using a combination of bromination and alkali. The
acetol is then condensed with O-aminobenzaldehyde to form the fluorescent derivative 3-
hydroxyquinaldine. The sensitivity of the assay currently is such that a 1% yield of dimers
in 0.5 mg of DNA can be readily detected. (*Research sponsored by the Division of Biomedical
and Environmental Research, U.S. Department of Energy, under contract W-7405-eng-26 with the
Union Carbide Corporation.)

Brown, R. D., and Holt, C. E. Anal. Biochem. 20, 3583-360 (1967).

Roberts, D., and Friedkin, M. J. Biol. Chem. 233, 483 (1958).

T-PM-Po5 THE EFFECT OF HYDROXYUREA ON DNA REPAIR IN UV-IRRADIATED HUMAN CELLS.T Andrew A.
Francis and James D. Regan,* Biology Division, Oak Ridge National Laboratory, Oak Ridge,
TN 37830.

Hydroxyurea (HU) has been used clinically as an antineoplastic drug and as a biochemical
tool to inhibit semiconservative DNA synthesis. The effect on DNA repair in UV-irradiated
human skin fibroblasts by HU has been examined in this study, using three independent methods
for measuring DNA repair: the S5-bromodeoxyuridine photolysis assay which measures DNA repair
replication, chromatographic measurement of thymine containing dimers and measurement of spe-
cific UV endonuclease sensitive sites in irradiated DNA. Little effect of HU was observed
at the concentration of 2 mM which is often used to inhibit semiconservative DNA synthesis;
however, at 10 m! the 5-bromouridine photolysis assay indicated a 65 to 70Z inhibition of
repair synthesis had occurred. This inhibition was accompanied by a possible doubling in the
size of the repaired region. A similar reduction in DNA repair was seen when measuring the
disappearance of thymine containing dimers from the DNA of irradiated cells chromatograph-
ically. Measurement of DNA repair utilizing specific UV endonuclease was less sensitive to
HU. An accumulation of single-strand breaks in large numbers following UV irradiation and
HU incubation was not observed. A comparison of HU effects on the different DNA repair
assays indicates inhibition of one step in DNA repair also results in varying degrees of
inhibition of other steps as well. (+Research sponsored jointly by NASA and by NCI under
Interagency Agreements # 40-565-76 and # 40-5-63, respectively, and by the Division of Bio-
medical and Envirommental Research, U. S. Department of Energysunder contract W-7405-eng-26
with the Union Carbide Corporation.)

T-PM-Po6 THE EFFECT OF ARABINOFURANOSYL CYTOSINE (ara—C) ON PYRIMIDINE DIMER INCISION AND
EXCISION IN THE DNA OF UV-IRRADIATED NORMAL SKIN FIBROBLASTS. W. L. Carrier, D. P. Smith,*
and J. D. Regan,* Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830.

With ara-~C present in the growth media after UV-irradiation, human skin fibroblasts incor-
porate ara-C into the region of dimer repair. The results are incomplete repair as shown by
the accumulation of single-strand breaks in the DNA.1>2 We have found that ara-C inhibits
the excision of pyrimidine dimers from the DNA of UV-irradiated normal skin fibroblasts.
Dimers were measured by two-dimensional paper chromatography. With ara-C present, a maxi-
mum of 20% of the dimers were excised in the first six hours after UV. Control cells excised
approximately 90% within 48-72 hours. A dose of 20 J/m? of 254 nm UV light produces 78 UV~
specific endonuclease sensitive sites (ESS) in 108 daltons of DNA. The sites equaled the
number of dimers and were observed by alkaline sucrose sedimentation analysis of the DNA.
During repair control cells removed about half (38) of the ESS in 24 hours, and this was
accompanied by other repair steps (i.e., excision, resynthesis, rejoining). Fewer sites were
removed from ara-C-treated cells during this period. Also, the ESS removal (incisions) that
did occur were not accompanied b¥ other repair steps. This resulted in small DNA observed
upon sedimentation in alkali. (TResearch sponsored by the Division of Biomedical and
Environmental Research, U. S. Department of Energy under contract W-7405-eng-26 with the
Union Carbide Corporation.)

1. Johnson, R. T. and Collins, A. R. S., Biochem. Biophys. Res. Commun. 80, 361-369 (1978).
2. Dunn, W. C. and Regan, J. D., Mol. Pharmacol., in press (1979).
3. Carrier, W. L. and Setlow, R. B., Meth. Enzymol. XXI, Part D, 230-237 (1971).
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T-PM-Po7 LESIONS INDUCED IN DEOXYRIBONUCLEIC ACID BY BENZO[a]PYRENE AND NEAR ULTRAVIOLET
LIGHT. G.F. Strniste, A.M. Martinez* and E.M. Martinez,* Cellular and Molecular Biology
Group, Los Alamos Scientific Laboratory, The University of California, Los Alamos, New Mexico
87545 U.S.A.

Superhelical PM2 DNA (form I) was mixed with benzo[a]pyrene (B{a]P) at a mass ratio of
10:1 (DNA:B[a]P) and exposed to near ultraviolet (uv) light (300-500 nm). Both neutral and
alkali sucrose gradients were performed and the rates of single-strand breaks induced in the
DNA were determined by monitoring the conversion of form I to the open, relaxed circular form
of PM2 DNA (form II). Single-strand breaks (under neutral conditions) were induced 12.5 to
14 X as rapidly by the radiation in the presence of B[a]P compared to breaks induced in the
absence of B[a]P. The rate of single-strand breaks observed under alkali conditions was
2-3 X the rate observed under neutral conditions. Using molecular sieve column chromato-
graphic methods it was possible to determine the amount of ['*C]B[a]P which co-eluted with
the [®H]PM2 DNA as a function of radiation exposure. In an argon-saturated environment,
there existed 11 B{a]P molecules per PM2 DNA molecule per single-strand break (neutral) where-
as in an oxygen-saturated environment, there existed approximately 14 B[a]P molecules per PM2
DNA molecule per single-strand break (neutral). Isolated PM2 DNA-B[aq]P adducts which were
enzymically digested and chromatographed on Sephadex LH-20 revealed at least 5 distinct peaks
eluting through a 30-100% methanol :water gradient. These peaks have been isolated and are
being examined by gas chromatographic-mass spectrophotometric methods. (This work was per-
formed under the auspices of the U. S. Department of Energy.)

T-PM-Po8 EFFECT OF ACETOXYACETYLAMINOFLUORENE ON TRANSFECTION OF E. COLI BY ¢X-174 RF-DNA.
W. D. Taylor, R. A. Deering, and C.-L. Tsai*, The Pennsylvania State University, University
Park, PA 16802

Acetoxyacetylaminofluorene and near UV (303 nm) inactivate the transfecting activity of
$X174 RF-DNA on calcium treated E. coli at carcinogen concentrations in the range 1-10
ugm/ml and doses in the range 1-2 X 10° ergs/mmz, and the combined treatments have a
synergistic effect. No single or double-strand breaks are observed by neutral sucrose
gradient sedimentation. Alkali-labile bonds and S; nuclease sensitive sites are found but
much less frequently than inactivating nucleotide damage. Using E. coli repair mutants,
it was found that the uvrA gene is involved in the repair of this damage. (Supported by
the National Institutes of Health).

T-PM-Po9 HOST CELL REACTIVATION OF B. SUBTILIS BACTERIOPHAGES 929 AND SP02-cl2.
W. L. PeEEer* and L. L. Larcom, Depts. of Microbiology and Physics, Clemson University,
Clemson, S. C. 29631.

Bacillus subtilis strains RUB818 (uvr*) and YB864 (uvr-) were used as hosts for
irradiated bacteriophages ¢29 and SPO2-cl2. Linear survival curves (log surviving fraction
versus dose) were obtained for both phages in each host. The slope of the survival curve
was used as an inactivation constant. Phage SP02-cl12 had inactivation constants of
-2.65x10-3 mm?/erg in strain RUB818 and -19.9x10-3 mm2/erg in strain YB864. Phage ¢29 had
inactivation constants of -2.87x10-3 and -20.0x10-3 mmz/erg, respectively. When either
bacterial strain was irradiated prior to phage infection, the inactivation constant became
less negative for both phages studied. However, when host cells were infected with highly
irradiated ¢29 and subsequently used as recipient cells for SPO2-cl2 infection, the inacti-
vation constant obtained for UV-irradiated SPO2-cl12 was the same as that obtained using
untreated host cells as recipients. Similar results were obtained when cells pre-infected
with highly irradiated SP02-cl2 were used to assay the survival of UV-irradiated ¢29. These
results indicate that although there is probably an inducible dark repair system in B.
subtilis similar to that present in E. coli; the presence of UV-damaged extrachromosomal
DNA is not sufficient to induce this system.
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T-PM-Pol0 TERTIARY STRUCTURAL COLLAPSE OF DNA IN 5.5 M LiCl INFERRED FROM QUASIELASTIC
LIGHT SCATTERING. N. Parthasatathx,* K.S. Schmitz, Dept. Chemistry, Univ. Mo.-Kansas City,
Mo. and M. Cowman, Grad. Dept. Biochemistry, Brandeis Univ,, Waltham, Mass.

Sedimentation velocity and quasielastic light scattering (QLS) methods have been
employed to determine the extent of DNA tertiary structure alteration in 5.5 M LiCl as a
possible explanation of the C-form circular dichroism (CD) spectrum, The QLS experiments
suggest DNA data can be interpreted in terms of the Lin-Schurr theory for flexible
Rouse-Zimm polymers, i.e. the reciprocal relaxation time (1/t) plotted as a function of
81n2(6/2) exhibits two linear reglons reflecting the values of D¢ (translational diffusion
coefficient, low angle) and Dg (segmental diffusion coefficient, high angle). The Stokes
radius estimated from D¢ in 0.4 M NHyAc and 5.5 M LiCl is 228 nm and 110 nm, respectively.
The difference in the CD spectra for DNA in these two solvent systems is a single negative
band, centered at 275 nm, which is qualitatively identical to the spectrum observed for
condensed Y-DNA structure. These data suggest a partial collapse of the DNA tertiary
structure in 5.5 M LiCl which emphasizes the care that must be exercised in the interpre-
tation of CD spectra. This research was supported in part by grants from NSF (PCM 7622073
(KSS)) and NIH (GM 24346 (KSS) and GM 17533 (MC)).

T-PM-Poll PYRIMIDINE (3'-5') PURINE BASE SEQUENCE PREFERENCE FOR INTERCALATION
INTO RNAST.S. Broyde, Biology Dept., New York University, N.Y., N.Y. 10003 and
gisgénggxgx, Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.

Experimental crystal structures and solution studies indicate that planar
aromatic molecules prefer to intercalate into pyrimidine (3'-5') purine base
sequences of RNAS. Recent work (1) has shown that increases in the glycosidic
torsion, x and the C5'-05' torsion, ¢ , are the major conformationa% changes
common to intercalated crystal structures. We have calculated energy contour
maps in the x, ¢ Plane for UpA and GpC. These reveal that in the RNA-11 A form,
the pyrimidine (3'-5') purine base sequence has a much larger low energy con-
formation space for x than the reverse sequence. This is due to the diminished
base stacking in the former. Consequently, where intercalation into A forms
occurs by increases in x and ¢, the pyrimidine (3'-5') purines are preferred
over the purine (3'-5') pyrimidines, although the preference is to the extent
of only 5 kcal./mole.

(1) Berman, H.

, Neidle, S. and Stodola, R. (1978) Proc. Nat'l. Acad. Seci. USA
75, 828-832

+ Research supported jointly by NIH Grant # 2ROGM24482-2 awarded to SB
and the Division of Biomedical and Enviromental Research, U.S. Dept. of
Energy under contract W-7405-eng-26 with the Union Carbide Corp.

T-PM-Pol2 RIFAMPICIN AS A SPECTROSCOPIC PROBE OF THE MECHANISM OF E. COLI RNA POLYMERASE. R.
Reisbig,* A-Y.M. Woody,* and R.W. Woody, Department of Biochemistry, Colorado State
University, Fort Collins, CO. 80523.

Rifampicin, a potent inhibitor of prokaryotic RNA polymerase, has several absorption bands
at wavelengths longer than 300 nm, making it a potentially useful absorption and CD probe of
RNA polymerase. The hydroquinone form of rifampicin, which is most widely used in inhibition
studies, undergoes fairly rapid oxidation in various aqueous buffers, especially Tris, to the
quinone form. We have determined the CD and absorption spectra of both forms free in solution
and in complexes with RNA polymerase. Both optical properties show substantial changes when
rifampicin, oxidized or reduced, binds to the enzyme. A red shift in the absorption spectrum
of rifampicin and the resistance to oxidation of the reduced rifampicin-RNA polymerase com-
plex imply that the substituted naphthalene chromophore of rifampicin is buried in the com-
plex. Within experimental error, the changes in absorption and CD were identical for binding
to holoenzyme and core polymerase. Small changes in the rifampicin CD are observed when
poly{(dT) is added to the rifampicin-enzyme complex. Large changes in the difference spectrum
are observed when poly(dT), ApA and ATP are added. This may be evidence for a significant
conformational change in the enzyme before the first elongation step. (Supported in part by
NIH Grant GM 23697.)
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T-PM-Pol3 Carbon-13 NMR Study on Deoxyribodinucleoside Methyl Phosphonates. J. Yano™, P.S.
Miller*, D. Cheng”, P.0.P. Ts'o and L.S. Kan, Div. of Biophysics, Johns Hopkins University,
Baltimore, MD 21205.

The stacking interaction of the two diastereoisomers of dAOP(O)(CH3)OdA are slightly
different in aqueous solution (Biophys. J. 21, 112a (1978)). In order to study the backbone
conformation of the dimers we have synthesized and separated both the pseudoaxial (isomer 1)
and the pseudoequitorial (isomer 2) isomers of AAOP(0) (}3CH3)OdA (95% carbon-13). The
chemical shifts of all carbons were assigned according to dApdA (J.L. Alderfer, private
communication). In general, the chemical shifts of isomer 1 are more upfield shift than
that of isomer 2. This result agrees with the previous pmr result and shows that isomer 1
is more stacked than isomer 2. Based on stacked models of these dimers, dihedral angles are
formed by CH3~P-O and P-0-Cjy' (v30° in isomer 1 and NlSOO in isomer 2) and by CH3-P-0 and
P-0~Cg' (v160° in isomer 1 and ~ 90  in isomer 2). However, the coupling constahts between
CH3-C3+ (dAp-) and CH3-Cg! (-pdA) are 0 and less than 2 Hz, respectively. This indicates
that the coupling constants are insensitive to changes in rotation about w and w'. The
Jp_cq* of isomer 1 (7 Hz) does not change with increasing temperature while that of isomer 2
increases from 4.4 Hz (15°) to 7.3 Hz (40°). Thus rotation about # is less restricted in
isomer 2, which is in agreement with previous results. Thus, the differences in base
stacking between isomer 1 and isomer 2 are explained by changes in the rotation about ¢ and
Y. These changes could be caused by differences in solvation of the two isomers.

Supported by NSF and NIH.

T-PM-Pol4 COMPARISION OF THE STACKING PATTERNS BETWEEN ADJACENT BASE-PAIRS IN DOUBLE-HELICAL
NUCLEIC ACIDS: A GRAPHICAL APPROACH. Chun-che Tsai, S. C. Kao¥, and C. G. Reinhardt,
Department of Chemistry, Kent State University, Kent, Ohio 44242.

Structural and geometrical analyses, based on the stereochemical information deduced
from the existing X-ray diffraction data of nucleic acids in fibers and crystals, have been
applied to investigate the base-pair stacking pattern between adjacent base-pairs in double-
helical nucleic acids. The base-pair stacking patterns can be described by parameters such
as angular twist between adjacent base-pairs, the orientation and position of base-pair
with respect to adjacent base-pairs, and the angle between adjacent base-pair planes. A
correlation between DNA-kinking angle and the double-helical parameters (such as axial
translation, pitch and tilt angle) has been derived, which suggests the existence of DNA-
kinking in various forms of DNA and polynucleotide structures (A-, B-, C- and D-forms) as
deduced from X-ray diffraction analysis of DNA and polynucleotide fibers. A graphical
approach for comparing the stacking patterns between adjacent base-pairs with different
base sequences in double-helical nucleic acids has been developed which may be used to
estimate the ring-current effects in the NMR of double-helical nucleic acids. (Supported
by NIH grant GM 24259).

T-PM-Pol5 HIGH AFFINITY AND MULTIPLE-SITE BINDING OF BIFUNCTIONAL INTERCALATING DIMERS TO
YEAST tRNAPh®, cChristian G. Reinhardt, *tLaboratoire de Physicochimie Macromoléculaire,
Institut Gustave-Roussy, 94800 Villejuif, France.

The fluorescence properties and tRNA binding interactions of a recently synthesized
ethidium homodimer and an acridine-ethidium heterodimer (1) have been investigated. Fluo-
rescence titration, lifetime, energy transfer, stopped-flow kinetic and equilibrium dialysis
measurements on the binding of these compounds to yeast tRNAPP® indicate from 1 to 3 high-
affinity fluorfscent dimer binding sites per tRNA molecule with association constants ex-
ceeding 109 M1, in addition to multiple lower-affinity binding sites. The mode of binding
appears to involve both intercalated and electrostatically bound non-intercalated dimer spe-
cies as evidenced by the fluorescence enhancement and fluorescence lifetimes of the dimers
bound to tRNA, as well as by measurements of the efficiency of energy transfer from tRNA
bases to the bound dimers. Variations in the stoichiometry of the dimer-tRNA complexes as
a function of ionic strength and Mg ion concentration, cooperative type binding between
high and lower-affinity binding sites and the observation of several distinct kinetic re-
laxation processes suggests a complex binding mechanism which may be sensitive to, or cou-
pled with, conformational changes within the macromolecule. Possible biological implica-
tions of the binding of these bifunctional intercalating dimers to tRNA and the potential
utility of these compounds as fluorescence probes to tRNA structure and function will be
discussed. (Supported by an NSF-CNRS Exchange Fellowship).

(1) Gaugain, B., Barbet, J., Oberlin, R., Roques, B, P., and Le Pecq, J.-B. (1978)
Biochemistry 17, in press.

* Present A@ -ess: Department of Chemistry, Kent State University, Kent, Ohio 44242
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T-PM-Polé HYDROGEN AND CARBON NMR STUDIES ON THE CONFORMATION OF NUCLEIC ACIDS CONTAINING
4'-THIO-FURANOSE. J.L. Alderfer, J.D. Bloss*, and G. Hazel*, Department of Biophysics,
Roswell Park Memorial Institute, Buffalo, New York 14263.

Nucleic acid constituents which have the furanose ring oxygen (C4'-0-Cl') exchanged for
a sulfur atom (C4'~S-Cl'}) are biologically active, and exhibit antitumor activity. Chemical
shifts (14, 13C) and coupling constants (H-H, C-P, C-H) of nucleosides and nucleotides are
determined for these sugar analogs of uracil and guanine. The effects of sulfur substitu-
tion on the lH chemical shifts are mainly on H4' (0.67 ppm upfield) and H6 (0.27 ppm down-
field), while for 13C chemical shifts, large upfield shifts of C1' (20 ppm), C4' (30 ppm),
and downfield shifts of C2', C3', C5' and C6 are observed. Conformational populations ob-
tained from coupling constants of normal and 4'-thio-derivatives are (0.1 M/D20, 27°): (1)
Urd, C2'-endo (0.45), C3'-endo (0.55); Y: gt (0.66), g~ (0.24), t (0.10); (2) (4'-s)Urd,
C2'-endo (0.55), C3'-endo (0.45); Y: g+ (0.34), g~ (0.37), t (0.29); (3) 5'-UMP, C2'-endo
(0.54), C3'~endo (0.46); Y: gt (0.89), g~ (0.08), t (0.03); ¢: t (0.77), gt (0.11), g~ (0.17);
(4) 5'-(4'-S)uMP, C2'-endo (0.61), C3'-endo (0.39); Y: g+ (0.48), g~ (0.31), t (0.21); ¢: t
(0.64), g* (0.17), g~ (0.19); (5) Acg-(4'~S)~N7-Guo, C2'-endo (0.70), C3'-endo (0.30) Y: gt
(0.00), g- (0.41), t (0.59); (6) 5'-GMP, C2'-endo (0.62), C3'-endo (0.38), y: gt (0.72),
g~ + t (0.28); ¢: t (0.72), gt + 97(0.28); (7) 5'-(4'-S)-N7-GMP, C2'-endo (0.38), C3'-endo
(0.62); ¥: g* (0.37), g~ (0.35), t (0.28); ¢: t (0.63), g* (0.20), g~ (0.17). The sugar-
base coupling constants (3JH1',C21 3JH1‘,C6) are related to the dihedral angle, x(Cl',6N);
these values are similar in Urd and (4'~S)Urd, indicating similar average values of X. The
main conformational effects of sulfur substitution shown by these results are a shift of
the furanose conformation toward more C2'-endo forms, destabilization of the gt rotomer of
P(Ca'-C5'), and destabilization of the t rotomer of ¢ (C5'-05').

T-PM-Pol?7 CONFORMATION WHEELS: A NOVEL PROBE OF tRNA FOLDING., A. R. Srinivasan and W. K.
Olson, Chemistry Dept., Douglass College, Rutgers, The State University, New Brunswick, N. J.
08903,

A series of conformation wheels has been ?oystructed from the recently refined X-Ray
crysﬁﬁ%lographic data of both the monoclinic'l!’/ and the orthorhombic forms of yeast
tRNA . These circular plots relate the primary chemical structure (i.e., base sequence)
directly to the secondary and tertiary structure of the molecule. The circular sequence of
backbone torsion angles displays a unique pattern that is useful both in distinguishing the
ordered and disordered regions of the molecule and in comparing the two sets of experimental
data. Additional plots of the base stacking and backbone helical parameters of individual
residues help to visualize the intimate interrelationship between chemical sequence and
three~dimensional folding in the polynucleotide backbone., Several categories of bends
appear in these latter wheels., Interestingly, a number of "left-handed" helix promoting
sequences occur in the four right-handed helical stems of the molecule. The irregularity
of the helical stems also provides information relevant to the superhelical bending of RNA,

(1) Hingerty, B., Brown, R. S. and Jack, A. (1978) J. Mol. Biol. (in press).
(2) Sussman, J. L., Holbrook, S. R,, Warrant, R, W., Church, G. M,, and Kim, S. H. (1978)
J. Mol. Biol., 123, 607-630.

T-PM-Pol8 COMPUTER ANALYSIS OF ESR SPECTRA OF SPIN LABELED NUCLEIC ACID LI-
GAND COMPLEXES. A. M. Bobst, T. Sinha*, P. W. Langemeier*, Chemistry 172, University
of Cincinnati, Cincinnati, OH 45221.

A saturation parameter F is determined to measure the degree of binding of amino acid con-
taining ligands (L) to a spin labeled nucleic acid matrix. A program FDET was written to get
F utilizing the entire ESR spectra. FDET requires as input 3 data sets of properly aligned ESR
spectra: C_ spectrum of ligand saturated spin labeled nucleic acid matrix, L > L ; C  spectrum
with L = O;°C spectrum with L < L_, L > O. The ESR spectra were digitally aligr?ed ey searching
for the addresses of the 2nd crossover point (CRO) since for the systems studied it was experi-
mentally established that the position of the 2nd CROﬂf the nitroxide spectrum remains unchanged
relative to the position of the CRO of the external Cr”" standard. A partially saturated spin
labeled nucleic acid system is analyzed according to D = C - F.C_ - (1-F)*C_. Titrating spin
labeled (U)_ with poly-L-lysine gave C spectra which seem to indicate the presence of a two
componentrkystem of saturated and free lattices since at certain F values the difference spec-
trum D was a straight line. Supported in part by NIH grant CA 15717.
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T-PM-Pol9 THERMAL: DENATURATION RESULTS OF DNA RESTRICTION FRAGMENTS.

D. L. Vizard and A. T. Ansevin, Department of Physics, University of Texas System Cancer
Center, M. D. Anderson Hospital and Tumor Institute, Texas Medical Center, Houston,

TX 77030.

The multi-modal thermal derivative denaturation patterns of bacteriophage and viral DNAs
can be viewed as a sum of a series of thermal transition elements (thermalites). However,
the deconvolution of such a derivative profile for even a small viral DNA tends to
seriously under-estimate the number of thermalites actually present in the profile. It is
necessary to minimize the ambiguities arising from the presence of cryptic thermalites so
that the variation of denaturation profiles with pH, salt, or denaturant can be adequately

* studied. The much less complex denaturation patterns obtained from restriction fragments

of viral genomes can alleviate much of the ambiguity associated with the deconvolution of
profiles. We now have available derivative profiles for restriction fragments from a
variety of viral DNAs, many of which have been denatured at various salt concentrations.

We have also studied the variation of some fragment patterns as a function of denaturant
concentration and pH. Among the restriction fragments we have studied are selected
fractions of the SV-40 genome, which afford the opportunity to compare the thermal denatur-
ation results with features of the primary sequence. Supported by N.I.H. Grant GM 23067.

T-PM-Po20 | IGHT SCATTERING PERTURBATIONS ON THE MEASUREMENT OF THE OPTICAL ACTIVITY OF
LARGE PARTICLES. M.F. Maestre, Donner Laboratory, University of California, Berkeley
California 94720.

By application of such techniques as Fluorescence Detected Circular Dichroism (FDCD)
and larae anale acceptance methods in CD {Fluorscat cuvettes, larae area photo
multipliers, beam goniometers) we have been able to measure the circular dichroism
scattering components of a variety of interesting bioloaical materials. These
materials include viruses, chromosomes, intact cell nuclei, DNA histone aaaregates,
polylysine-DNA complexes and DNA films. From these measurements we have determined
that most of the strikingly large magnitudes of the CD of some of these types of
particles are a manifestation of scattering perturbations and that their polarization
properties reflect the large scale organization of the particles.

T-PM-Po21 APPLICATION OF RAMAN SPECTROSCOPY AS A STRUCTURAL PROBE OF RIBOSOMES AND RIBOSOMAL
SUBUNITS. M.G. Hamilton, Sloan-Kettering Institute for Cancer Research, New York, NY 10021,
and B. Prescott* and G.J. Thomas, Jr., Department of Chemistry, Southeastern Massachusetts
University, North Dartmouth, MA 02747.

Using 514.5 nm excitation of an argon ion laser, Raman spectra of high signal-to-noise
quality have been obtained on ribosomes, ribosomal subunits and unfractionated rRNA from
both E. coli and rat liver (RL) cells. Spectra were obtained, depending upon sample solu-
bility, from either H20 and D20 solutions or pellets, all at 5°C. The Raman spectra show
that the ribosomal particles contain highly ordered rRNA molecules in which most of the
bases exist in regions of ordered A-helical structure. In 1t mM MgCl12, RL ribosomes contain
rRNA that is 78 + 6% ordered. In 3 mM MgC12, E. coli ribosomes contain rRNA that is 88 + 6%
ordered. Neither type of rRNA is significantly changed in the amount of ordered structure
after extraction from its respective ribosomal subunits. No structural changes are evident
in rRNA within a given ribosome when the Mg2+ concentration is varied in the range 0 to 5 mM.
The weight percent compositions of protein in different ribosomal subunits (i.e., 30% in E.
coli 30S and 50S, 45% in RL 60S, and 55% in RL 40S subunits) are revealed in the Raman in-
tensities of specific lines (ca. 2950, 1447, and 1003 cm-1) due to vibrations of protein
residues. However, firm conclusions about the protein chain conformations in intact
ribosomes cannot be reached from the Raman spectra because of the relatively Tow Raman in-
tensities of the proteins in intact ribosomes. The Raman spectrum of the total protein
extracted from RL ribosomes gives evidence of little ordered secondary structure.

Supported by Grants CA 17085-03 (M.G.H.) and Al 11855-04 (G.J.T., Jr.).
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T-PM-Po22 MULTISTATE MODEL FOR THE RANDOM COIL FORM OF POLY(rU).* B. E. Hingerty, Biology
Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830 and S. Broyde, Biology Depart-
ment, New York University, New York, NY 10003.

A multistate model has been constructed from the minimum energy conformers of UpU that re-~
produces the characteristic ratio (Cx,) of 17 to 18 of poly(rU) (1) and the NMR data (2). The
minimum energy conformations were computed by semiempirical methods and the areas in the
w',w maps were obtained by varying w and w' in 1° intervals, keeping other angles fixed,
which locates the 1 kcal/mole wall. The model consists of the following conformers: (1) 36%
w',w = t,g~, C3' endo; (2) 47% w',w = t,g~, C2' endo and (3) 17%Z w',w = g~,t; ¥ = t (Watson-
Crick) C3' endo. No A form was found to be necessary. The persistence vector calculated by
the method of Olson (3) has magnitude |a| = 25.2 A° with components (17.2, -18.4, 0.8) making
angles with the x, y and z axes of 46.8°, 136.8° and 88.3°. It is primarily orthogonal to
the z axis. This model matches the MMR data that requires 47% C2 endo, 53% C3' endo and 17%
Y = trans. This is the only multistate model that reproduced Cwo and the NMR data. Anearlier
two state model matched C, and |a| with 92% A form and 8% w',w = t,g~, C2' endo but did not
match the MMR data. Other two state models were developed that matched Cyn but not the HMR
data. ('Research sponsored jointly by the National Institutes of Health, Grant Number
2ROGM24482-02, and the Division of Biomedical and Environmental Research, U. S. Department
of Energy under contract W-7405-eng-26 with the Union Carbide Corporation.)

(1) L. D. Inners and G. Felsenfeld, J. Mol. Biol. (1970) 50, 373-389.
(2) C. H, Lee, F. S. Eyra, N. S. Kondo, R, H. Sarma and S. S. Danyluk, Biochemistry (1976)

15, 3627-3639.

(3) W. Olson, "Flexible DNA Double Helix. I" (in press).

T-PM-Po23 PATTERNS IN THE NUCLEOTIDE SEQUENCES OF VIRAL GENOMES. R.M. Schwartz and M.O.
Dayhoff, Nat. Biomed. Res. Fnd., Georgetown Univ. Med. Ctr., 3900 Reservoir Rd., N.W.,
Washington, D.C. 20007

We have developed a computer program that determines which doublets or triplets in a
nucleotide sequence occur with frequencies that differ significantly from their expected
values based on nucleotide composition. We have used this program to analyze both the
complete sequences and the protein-coding portions of the genomes of SV40, @X174, and MS2,
and the complete sequence of potato spindle tuber viroid (PSTV). Doublets that occur with
unexpectedly high or low frequency can be assigned an additional factor that corrects for
this. The mininmum number of factors sufficient to explain the observed pattern in
doublet frequencies is determined. Unusual doublet frequencies have a pronounced effect
on the triplet frequencies to be expected, and we have estimated the extent to which
patterns in the triplet frequencies can be explained on this basis. Significant patterns
in the triplets may also be due to patterns in the codons. As a basis for comparison with
the protein-coding portions of these sequences, we generated by computer, sequences that
specify the known protein sequences but whose codons are selected at random from those
specifying each amino acid. Patterns in the doublets and triplets of the computer
generated sequences provide an estimate of the order imposed on the genome by the proteins
it codes. The remaining pattern in these nucleotide sequences may be the result of
constraints of replication, of transcription, and of secondary structures formed by the
sequences of X174, MS2, and PSTV or the mRNAs specified by the SVAO, @X174, and MS2
sequences. (Supported by NASA contract NASW-3130 and NIH grant GM-08710)

T-PM-Po24 MECHANISM FOR THE BINDING OF CIS- AND TRANS-DICHLORODIAMMINE Pt(II) (DDP) TO DNA.T
N. P. Johnson, J. D. Hoeschele, *t and R. O. Rahn, Biology Division and Health and Safety
Research Div1sion;* Oak Ridge National | Laboratory, Oak Ridge, TN 37830.

cis-DDP is an antitumor drug whose activity is believed to be a result of binding to DNA.
The trans isomer is inactive. We have studied the reaction of these compounds with DNA
in vitro to see if the biological activity is correlated with their ability to bind to DNA.
We have measured the kinetics of binding for the aquated species trans-[Pt(NH3)201(H20)]
cis=[Pt(NH3) 9 (H90), ] , and c1s—[Pt(NH3)2C1(H20)]+ The neutral species, trans-{Pt(NH3),
C1(O0H)], cis-[Pt(NH3)2(OH)2] and cis-Pt[(NH3),C1(0H)] are unreactive at low DDP/DNA ratios.
In aqueous solution cxs-DDP undergoes two distinct reactions, a fast reaction due to
cis-[Pt(NH3)2(H20)2] and a slow reaction due to cis—[Pt(NH3)2C1(H20)] The monochloro-
monoaquo species binds by two pathways, loss of C1™ to form the diaquo species and direct
reaction with the DNA. Binding to DNA is quantitative and irreversible for both compounds,
indicating that, unlike many metals, covalent interactions with DNA are responsible for the
biological effects. Although there are some differences in the kinetics of binding for the
two isomers, under biological conditions (pH 7, 0.15 M NaCl) both bind to DNA to the same
extent during 24 hours.

+Research sponsored by the Division of Biomedical and Environmental Research, U. S.
Department of Energy under contract W-7405-eng-26 with the Union Carbide Corporation.
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T-PM-Po25 DNA STRAND SPECIFICITY IN THE INTERACTION OF RNA POLYMERASE WITH T7 DNA. C.S. Parkgp
Z. Hillel, and C.-W. Wu, Biochemistry Dept., Albert Einstein Col. Medicine, Bronx,N.Y. 10461.
The strand specificity in the interaction between the subunits of E. coll RNA polymerase
and T7 DNA was investigated using photochemical cross-linking. T7 DNA homogeneously labeled

with °H was partially degraded with E. coli exonuclease III to generate short, single
stranded regions at both ends of the molecule. It was then repaired with E. coli DNA poly-
merase I and a-32P-labeled dNTP. This produced a T7 DNA molecule whose left end, which con-
tains35he three major promoters recognized by E. coli RNA polymerase was double labeled,
with ““P in the "sense" strand and °H in the "non-sense" strand. Both specific and non-
specific binary RNA polymerase-T7 DNA complexes were exposed to UV radiation at 254 nm in
order to induce stable linkages between enzyme and DNA. The cross-linked complexes were
treated with nucleases to digest the free DNA and then subjected to SDS polyacrylamide gel
electrophoresis. The gel was analyzed for the comigration of 34 or 32p radioactivity with
the individual subunit bands. This allowed the identification of the DNA strand interact-
ing with a particular subunit. The results indicated that under specific binding conditions,
when binary complexes occur omnly at the major promoter sites, the ¢ subunit discriminates
between the two DNA strands, interacting almost exclusively with the non-sense strand. In
contragt,no strand discrimination was observed under non-specific binding conditions when
enzyme-DNA complexes form in all regions of the DNA. The strand specific interaction of o
subunit at promoter sites suggests that ¢ may act as an "unwinding" protein. This hypo-
thesis is consistent with previous observations that ¢ is required for formation of "open"
promoter complexes and that the unwinding of superhelical DNA can be carried out by holo-
enzyme (a2B88'c) but not by core enzyme (a2BB'). The strand specificity in the interaction
of the B and B' subunits with DNA is currently being studied in our laboratory.

T-PM-Po26 INTERACTION OF DNA WITH A PORPHYRIN LIGAND. James Howard*t, Ester Mark* and
Robert Fiel, Department of Biophysics Research, Roswell Park Memorial Institute, Buffalo,
New York, 14263.

The binding of meso-Tetra(4-N-methypyridyl)porphine perchlorate (4-MPyP) to DNA in
aqueous solution was studied by U.V./visible spectroscopy, viscometry, thermal denaturation
and circular dichroism (CD) spectroscopy. Porphyrin-DNA binding can be detected by the
hypochromism of the 260 nm band for DNA and the porphyrin Soret band at 424 nm. A slight
red-shift of the Soret band can also be detected. The relative viscosity of porphyrin
bound DNA shows a maximum increase of approximately 11% over that of ligand-free DNA.
Porphyrin bound DNA also exhibits an altered melting profile characterized by an increase
in the Tm and a decrease in hyperchromism. CD measurements were made in the U.V. and
visible regions. The positive DNA band at 279 nm was found to split into a doublet with
smaller amplitude in the presence of 4-MPyP. The doublet is composed of a peak at 284 nm
and a shoulder at 268 nm. The negative band at 248 nm for free DNA shows a slight shift to
shorter wavelength and a reduced amplitude upon binding with 4-MPyP. The free porphyrin in
solution shows no evidence of self-stacking and does not exhibit circular dichroism in
either the U.V. or visible region; however, CD is induced when 4-MPyP is bound to DNA. A
positive band occurs at approximately 427 nm and a negative band of somewhat less amplitude
at 447 nm. The amplitude of the positive band increases with an increasing ratio of DNA/
porphyrin. The negative band is ionic strength dependent and does not occur in 1 M NaCl.
The evidence suggests at least two binding modes for this ligand, “"intercalation" and
"external binding".

+Supported by NIH ES-07057-01

T-PM-Po27 ESR SPIN LABEL STUDIES OF MONONUCLEOSOME AND HISTONE PROTEIN CORE. D. C. F. Chan*
and L. H. Piette, Cancer Center of Hawaii, University of Hawaii, 1997 East-West Road,
HonoIulu, Hawaii 96822

The spin label, N-(2,2,5,5-Tetramethyl-3-carbonyl-pyrrolidine-l-oxyl)-imidazole (IMDSL)
has been used to study the accessibility and conformational state of tyrosines in both momo-
nucleosomes and histone core particles extracted from chicken erythrocytes. IMDSL has been
shown to be competitive with N-acetylimidazole for tyrosines in the histone core. About 40%
of the tyrosines in the histone core can be labeled under nondenaturing conditions. This
agrees with the Laser-Raman spectroscopy study by Olins et al. (Science, 197, 385, 1977), who
showed that 60% of the tyrosines are hydrogen-bonded within the inner histones. The effect
of urea on the conformational state of spin labeled tyrosines in both mononucleosome and in
the histone core have been studied. Noncooperative and cooperative transitions are observed
in both cases. Ionic effects on the spin labeled mononucleosome have been investigated.
Several conformational transitions are observed in the range of 1 mM to 2 M NaCl., There is
only a minor conformational change in the region of 1 mM to 100 mM NaCl. Three major tran-
sitions are found between 0.1 M to 0.6 M, 0.7 M to 1.5 M and 1.5 M to 2 M NaCl respectively.
Circular dichroism for the spin-labeled mononucleosome has also been studied as a function
of ionic strength. It was found that there is a decrease of a-helix of the protein core
observed at 225 nm in the region of 0.2 M to 0.6 M NaCl, however, the a-helical content
returns to its original value in the region of 1 M to 2 M NaCl. The ellipticity for DNA at
285 nm, however, increases gradually and slowly as the ionic strength is increased from 1 mM
to 0.2 M NaCl. A sharp increase occurs at 0.5 M NaCl and reaches a maximum at about 1.5 M
NaCl, it decreases again as the ionic strength is further increased. Our spin labeling and
CD data provide complementary results for the effects of ionic strength on the monomer.




NUCLEIC ACIDS AND CHROMATIN Biophysical Journal vol. 25, 1979

T-PM-Po28 CROSS-LINKING HISTONES IN RAT LIVER NUCLEI WITH A REVERSIBLE REAGENT.
L. F. levinger* (Intr. by J. Hermans), Department of Biochemistry 231H, University of North
Carolina, Chapel Hill, N.C. 27514,

Cross-linked H1-Hl dimers include the heterotypic form (H1A-H1B) as well as the
homotypic forms (H1A-H1A) and (H1B-H1B). This result rules out the possibility that Hl
subspecies are entirely segregated from each other in liver nuclei. H1 cross-links to
core histones are also observed, in addition to those formed between Hl subtypes.

A24, a form of H2A containing a covalently attached molecule of ubiquitin, has also
been cross-linked to core histones, suggesting that it is a nucleosomal protein. An H2A-H2A
dimer has been resolved from other histone dimers by first-dimension acid-urea, second-
dimension discontinuous SDS gel electrophoresis with reversal of cross-links between
dimensions. Detection of an H2A-H2A contact is consistent with results from other labora-
tories, including those showing histone-DNA cross-linking in nucleosome core particles.

T-PM-Po29 MICROCOCCAL NUCLEASE DIGESTS CHROMATIN IN NUCLEI AND IN SOLUTION WITH DIFFERENT
CATALYTIC EFFICIENCIES. _C. W. Carter, Jr. and L, F, Levinger*, Department of Biochemistry
231H, University of North Carolina, Chapel Hill, N.C. 27514,

Digestion of chromatin in nuclei, measured as the change in the concentration of monomer-
length DNA with time, displays Michaelis-Menten kinetics. Redigestion of soluble chromatin
prepared from nuclei by micrococcal nuclease treatment, however, is apparently first-order
in enzyme and independent of chromatin concentration. This qualitative difference results
from a true increase in the apparent second-order rate constant, kcat/Km, for liberation of
monomer DNA: the apparent K, value for soluble chromatin is lower by three orders of mag-
nitude than that for chromatin in nuclei, whereas kot values differ by at most one order
of magnitude.

Neither the integrity of the nuclear membrane nor the presence of histone Hl is essential
for the dissociating kinetic behavior characteristic of chromatin in nuclei. Moreover,
differences due to the buffers used for digestion and redigestion are minimal. Dissociating
behavior is, however, correlated with the presence of higher-order chromatin superstructure.

Micrococcal nuclease added to soluble chromatin under non-digesting conditions at low
ionic strength (I=0.002) co-sediments with chromatin in sucrose gradients. In 0.15M NaCl
added nuclease no longer sediments with chromatin and redigestion kinetics become first-
order in both enzyme and substrate with a greatly reduced value of kcgt.

Kinetic analysis of this type may afford an assay for native, higher-order structures in
chromatin. Our results support the conclusion that micrococcal nuclease binds to soluble
chromatin through additional interactions which do not occur in nuclei. Since these new
interactions are abolished by moderate salt concentrations, they may be partly ionic in
nature.

T-PM-Po30 FLUORESCENCE STUDIES OF INNER HISTONES. A. P. Butler*, and D. E. Olinsg, Univ. of
Tenn.~Oak Ridge Grad. Sch. of Biomed. Sci., Biol. Div., Oak Ridge Natl., Lab., Oak Ridge, TN
37830.

The inner histone complex (equimolar amounts of H2, H2B, H3 and H4) was isolated from
chicken RBC chromatin by 2 M NaCl extraction. The intrinsic tyrosine fluorescence of the
histones and the fluorescence enhancement of a bound extrinsic fluorophore, 8-Anilino-1-
naphthalene sulfonate (ANS) were examined as a function of solvent pH and ionic strength.
Tyrosine fluorescence intensity increases at pH <5 (in 2 M NaCl), although studies with the
collisional quencher KI indicate no increase in exposure of the Tyr residues. These altera-
tions correlate with circular dichroism changes previously reported (Butler, et al., 1978,
Biophys. J., 21, 66a), apparently reflecting subunit dissociation and a partial loss of a-
helix due to the protonation of Asp and Glu. Tyr fluorescence intensity decreases between
pH 8-10, due to formation of tyrosinate. ANS binds to inner histones in 2 M NaCl; binding
1s accompanied by a 50-55 nm blue shift and an increase in intensity of ANS fluorescence.
This behavior is characteristic of ANS interaction with hydrophobic regions of proteins. The
wavelength of maximum ANS fluorescence is blue-shifted an additional 8-10 nm at pH <5 (2 M
NaCl), supporting the exposure of less polar residues as the inner histones dissociate. At
pH 7.0 (NaCl <1 M) the binding of ANS to inner histones involves a large electrostatic com-
ponent; at NaCl >1 M), other interactions predominate and the intensity of ANS fluorescence
increases, possibly as a result of stabilization of higher oligomers (e.g. octamers).
[Research sponsored by the Div. of Biomed. & Environ. Research, U.S. Dept. of Energy under
contract W-7504-eng-26 with the Union Carbide Corp. and NIH grant GM 19334 (DEO).]
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T-PM-Po31 CORE NUCLEOSOMES BY DIGESTION OF RECONSTRUCTED HISTONE-DNA COMPLEXES. Philip N.
Brzan.* (Introd. by A. L. Olins), Univ. of Tenn.-Oak Ridge Grad. Sch. of Biomed. Sci.,
Biology Division, Oak Ridge National Laboratory, Oak Ridge, TN 37830.

Reconstructed complexes of the inner histones (H2A, H2B, H3, H4) and a variety of DNAs
were digested with micrococcal nuclease to yield very homogeneous populations of core
nucleosomes (v;). Nucleosomes containing Micrococcus luteus DNA (72% G+C); Clostridium
pyrfringens DNA (29% G+C); chicken DNA (43% G+C); or poly(dA-dT)-poly(dA-dT) have been
examined by electron microscopy, circular dichroism (CD), thermal denaturatiom, hydro-
dynamics, and DNAse I digestion. DNAse I digestion of v;(dA-dT) produces a ladder of DNA
fragments differing in length by one base residue. v;(dA-dT) contain 146 base pairs of
DNA and exhibit an average DNA helix pitch of 10.4-10.5 bases per turn. CD spectra of all
particles show a typically suppressed ellipticity at 260-280 nm and prominent a-helix
signal at 222 nm. All particles show biphasic melting except v;(dA-dT), which show three
prominent melting transitions at ionic strengths < 1 mM.

(Research supported jointly by the National Cancer Institute grant CA09104 and the Division
of Biomedical and Environmental Research, U.S. Department of Energy under contract with
the Union Carbide Corporation.)

T-PM-Po32 HIGHER ORDER STRUCTURE IN CHROMATIN. J. B. Rattnerl and B. A. Hamka%ol 2, Depart-
ment of Molecular Biology and Biochemistry~ and Developmental and Ce11 Biology“, University
of California, Irvine, California 92717 U.S.A.

The elucidation of a particulate chromatin subunit, the nuclecsome, as a ubiquitous
component of eukaryotic chromatin has lead to the investigation of the manner in which
these subunits are organized into higher order structures in both interphase and metaphase
chromatin. We found that minimally disrupted higher order fibers can be visualized from
mouse ng? cells after gentle mechanical cell lysis with 0.5 mm glass beads in the presence
of Joklik's suspension media. These continuous fibers uniformly measure 200-300A° in
diameter and are composed of closely-apposed arrays of nucleosomes. At metaphase these
fibers can be seen extending from the chromosome as a series of loops 1-5 um in length.

The presence of this higher order fiber in both interphase and metaphase preparations
suggest that this fiber class is present within cells independent of the degree of chromatin
condensation. Negatively stained preparations have allowed the identification of several
distinct packing patterns within the higher order fiber. The variety of packing confor-
mations and their variable distribution along the length of the higher order fiber suggest
that although the diameter of the fiber is uniform, it is formed by folding the basic 100A°
fiber non-uniformly.

(Research sponsored by NIH GM23241 and NSF PCM 78-08930)

T-PM-Po33 ASYMMETRY OF INTRA-NUCLEAR FUNCTION DURING IMMUNE LYMPHOCYTE ACTIVATION.
John H. Frenster, Michael M. Papalian*, Marilyn A. Masek*, and Jeffrey A. Frenster¥,
Department of Medicine, Stanford Univereity, Stanford, California 94305, and the Institute
for Medical Research, Santa Clara Valley Medicael Center, San Jose, California 95128.

The DNA helix must open in localized areas before the interior base-coded genetic infore
mation can be used for new RNA or DNA synthesis (Cancer Res. 36, 33% (1976). Such DNA helix
openings can be visualized, measured, and counted by a high~resolution electron microscopic
technique (J. Natl. Cancer Inst. 59, 839 (1977) which was used to determine the location,
esize, and number of in-vivo DNA helix openings (Nature 248, 334 (1974) within 502 individual
cells in the neoplastically-involved lymph nodes of untrelted patients with Hodgkin's Dis-
ease (Natl. Cancer Inet. Monogr. 36, 239 (1973). The 437 normal lymphocytes were found to be
of three cytoplasmic types, monosomal, transitional, and polysomal, reflecting progressive
activation of the lymphocyte cytoplasm. Lymphocytes apposed to neoplastic Hodgkin and Reed-
Sternberg cells were found to contain increased numbers of DNA helix openings, compared to
non-apposed lymphocytes, with eignificant asymmetry of distribution of DNA helix openings
into that half of the lymphocyte nucleus closest to the apposing neoplastic cell. Within the
subset of apposed lymphocytes, the degree of asymmetry of intra-nuclear function increased
progressively from monosomal lymphocytes through traneitional lymphocytes to polysomal lym-
phocytes. This activation of immune lymphocytes in Hodgkin'se Disease (Lancet 2, 167 (1974)
may be mediated by the transfer of de-repressor immune RNA from the neoplastic cell to the
proximal half of the nucleus of the immune T-lymphocyte (J. Natl. Cancer Inst. 60, 335 (1978)

Supported in part by Research Grants CA-10174 and CA-13524 from the National Cancer Insti~
tute, by Research Grant IC-45 from the American Cancer Society, and by a Research Scholar
Award from the Leukemia Society.
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T-PM-Po34 THE PROXIMITY OF THE 3' TERMINI OF TWO TRNAS ON THE RIBOSOME.
Barbara D. Wells' and Charles R. Cantor? lBiophysics Department, Johns
Hopkins University, Baltimore, MD and TDepartments of Chemistry and Biologi-
cal Sciences, Columbia University, New York, NY.

Yeast tRNAPP® was periodate oxidized and labeled on the 3' end with
either dansyl hydrazine or fluorescein thiosemicarbazide. The two fluores-
cent dyes were chosen as a good donor-acceptor pair for fluorescence energy
transfer. The tRNAs were bound to poly U programmed E. coli ribosomal
tight couples in 25mM magnesium at 10°C. The fluorescence properties of the
dyes were used to determine the amount of tRNA bound. Energy transfer was
observed as donor quench, then from knowledge of the amount of quench and
the quantity bound the transfer distance was calculated to be 33 A. Amino-
acyl tRNA in the A site and tRNA in the P site should yield a distance be-
tween the 3' ends of about zero for peptidyl transfer. Clearly the
fluorescently labeled tRNA we have used is not a good model for aminoacyl
tRNA in the A site. However, it may be a good model for deacyl tRNA binding
to the A site, a condition required for the stringent response. If this
suggestion is correct, the displaced position of the 3' end of the tRNA in
the A site may be the signal which promotes the binding of stringent factor
to the ribosomes.

T-PM-Po35 DIRECT OBSERVATION OF DISSOCIATION OF POLYRIBONUCLEOTIDE STRANDS: SCATTERING VS
ABSORPTION IN THE UV. J. W. Preiss and P. C. Berry*, University of Delaware, Newark,
Delaware, 19711.

Under certain conditions the turbidity of aqueous polyribonucleotide-globular protein
mixtures is a sharply nonmonotonic function of polynucleotide concentration, possessing one
maximum. This peak is more than an order of magnitude higher if components are mixed above
the melting temperature of the polynucleotide (J. Chem. Phys. 65, 2913, 1976; Biophys. J.
13, 470, 1973). Such mixtures, containing only 5 ug of nucleic acid and 15 ug of protein
per ml, are visibly turbid, and remain so after cooling to room temperature; protein and
single polynucleotide strands are locked in very large, stable light-scattering centers of
low density. The phenomenon makes possible quantitative and inexpensive detection of the
dissociation of complementary or other multiple polynucleotide strands with visible light
(qualitative with no optical device). Of course the light-scattering power increases in-
versely with some power of the wavelength (not the 4'th because of severe internal interfer-
ence); in fact, at A = 259 nm (at which polyU and polyA have absorption maxima), the scat-
tering coefficient is more than 5x the combined absorption coefficients for nucleic acid and
protein components. Hence, multiply-scattered uv photons are absorbed outside the primary
light beam and the probability of absorption in a given volume of fluid is greatly increased.
1f possible, demonstrations will be provided.

T-PM-Po36 ANALYSIS OF GENOME INTEGRITY DURING EXPOSURE OF CULTURED MAMMALIAN CELLS TO
CADMIUM CHLORIDE. C.E. Hildebrand and R.A. Walters, Cellular and Molecular Biology Group,
Los Alamos Scientific Laboratory, The University of California, Los Alamos, New Mexico
87545 U.S.A.

To determine whether the toxic trace metal, cadmium (Cd), causes damage to DNA in mamma-
lian cells, we have examined one indicator of DNA damage, the introduction of strand breaks
and alkali labile lesions. Chinese hamster cells (line CHO) uniformly labeled with
thymidine were exposed to CdCl; in suspension culture. Cellular DNA was analyzed by alkaline
sucrose gradient sedimentation. DNA from unexposed cells sedimented in a single peak of
4.5 x 10° modal molecular weight (MW). Analysis of DNA from cells exposed to toxic Cd++
levels (2 uM) for 24 h gave a bimodal DNA distribution (characteristic of nonrandom DNA break-
age) having a peak of modal MW 8 x 105 and a high MW peak similar to the unexposed control
profile. Since Cd++ accumulates in cells during exposure, the question arises as to whether
DNA breakage is also cumulative. To answer this question, DNA from cells exposed to 3 uM
CdCl, for various intervals was analyzed for strand breaks. In the first 20 h of Cd*+ expo-
sure, during which cells accumulate Cd** to the maximal level, no DNA breakdown was observed
indicating that a simple relationship between strand breakage and cellular Cd++ "dose' does
not exist. After 20 h the amount of DNA sedimenting in the low MW mode increased with in-
creasing time while there was no further intracellular Cd** accumulation. Comparison of the
fraction DNA in the low MW mode with the fraction of non-viable cells (determined by the try-
pan blue exclusion assay) accumulating in the population with time showed a 1:1 relationship.
These findings indicate that (1) DNA strand breakage is not a primary consequence of Cd++*
exposure and (2) the observed DNA breakdown is directly correlated with metabolic cell death.
(This work was performed under the auspices of the U. S. Department of Energy.)
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T-PM-Po37 DNA REPLICATION IN dna A TEMPERATURE SENSITIVE MUTANTS OF ESCHERICHIA COLI.
H. Eberle, N. Forrest* and J. Van Knapp*, University of Rochester School of Medicine and
Dentistry, Rochester, New York 14642,

The dna A gene product has been previously demonstrated to be essential for the initi-
ation of DNA replication of the Eschrichia coli chromosome. Work from other laboratories
suggest that the dna A product acts early in the initiation process and it has been sug-
gested that it may regulate the synthesis of a primer RNA postulated to be necessary for
the initiation of DNA replication at the chromosomal origin.

We have examined the replication pattern of several temperature sensitive mutants with
apparent defects in the initiation process. We have found that in temperature reversible
dna A mutants it is possible to demonstrate prolonged DNA synthesis for up to 5 hrs. at non-
permissive temperatures after a certain growth regimen. The conditions which are prere-
quiste for the prolonged DNA synthesis at nonpermissive temperature (NPT) include: a prior
period at nonpermissive temperature of 40-60 min, followed by return to the permissive tem-
perature in the presence of chloramphemicol for at least 10 min. The rec A gene product
also appears to be essential for the prolonged DNA synthesis at NPT in  these dna A mutants.
A characterization of the DNA synthes1zed for prolonged period at NPT suggests s that the
synthesis is semiconservative and is probably synthesis which commences at random gites on
the chromosome as well as possible reinitiation events at the origin. The implications
of these results to the regulation of DNA replication will be discussed.

This paper is based on work performed under contract with the U.S. Department of Energy
at the University of Rochester, Department of Radiation Biology and Biophysics and has been
assigned UR-3490-1493,
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T-PM-Po38 KINETICS OF SELF-ASSOCIATION FOR GLUTAMATE DEHYDROGENASE
H.R. Halvorson, E.B. Ford Institute for Medical Research, Detroit 48202.

Relaxation kinetics of glutamate dehydrogenase self-association have been determined
using small (ca. 8 atm) repetitive (1000-2000 times) pressure perturbation and monitoring
the resulting changes in Rayleigh scattering at an angle of 90°. The change in weight-
average molecular weight is small (ca. 0.1%), assuring the validity of the approximations
used in relaxation kinetics. There is but a single concentration-dependent relaxation and
the concentration dependence of the relaxation times demonstrates the validity of the random
indefinite self-association model proposed by Thusius (J. Mol. Biol. 92:413). The activa-
tion volume (+350 ml/mol) provides clues to the molecular mechanism involved. A rapid
shift in scattered light intensity is attributed to preferential interaction between
phosphate anion and the protein, proceeding with a positive volume change (2-5 ml/mol
phosphate). The way in which the kinetic parameters vary with changes in pH and ionic
strength permits further insights into the nature of the self-association interaction.

Supported by NIH GM 23302

T-PM-Po39 EFFECTS OF NUCLEOSIDE TRIPHOSPHATES ON THE SUBUNIT INTERACTION ENERGIES OF E. COLI
ASPARTATE TRANSCARBAMYLASE, N.M. Allewell, A. Zaug*, and G.E. Hofmann*, Wesleyan University
Middletown, CT. 06457

Changes in the subunit interaction energies of E. coli aspartate transcarbamylase pro-
duced by the binding of the allosteric inhibitor, CTP, and the allosteric activator, ATP,
have been evaluated over the pH range 7-9. Values for AGbinding' AHbinding' and ASpinding
to both the native enzyme and regulatory subunit were derived from thermal titration curves
obtained by microcalorimetry. The changes in the subunit interaction energies produced by
the binding of the effector are equal to the differences between the corresponding quanti-
ties for the native enzyme and regulatory subunit. While binding of either nucleoside
triphosphate causes 8Hjpteraction t© become more negative by several kcal/mole, the change
in AGinteraction is minimal, because of compensating changes in ASjnteraction- The depen-
dence of AHbinding on AHjonization ©f the buffer indicates that differences between the
native enzyme and regulatory subunit in the proton uptake effects which accompany binding
account for a substantial portion of the change in AHinteraction-

T-PM-Po40 MECHANISM OF TOBACCO MOSAIC VIRUS ASSEMBLY: INCORPORATION OF 4§ AND
208 PROTEIN AGGREGATES AT pH 7.Q AND 20°. s. J. Shire, J. J. Steckert*and
gi gézgghuster, Biological Sciences Group, University of Connecticut, Storrs,

A method is described for the preparation of Tobacco Mosaic Virus protein
consisting of greater than 97%, by weight, 20S disk aggregates at 20°c in 0.1
M ionic strength orthophosphate buffer at pH 7.03. The method takes advantage
of the relatively slow rate of depolymerization of 20S to 4S8 protein which
under these conditions makes it possible to neglect tlHe 208 to 4S intercon-
version during reconstitution. This 20S disk preparation can be used with
various concentrations of 45 protein to study the relative efficiency of in-
corporation of 4S versus the pre-assembled 20S disk protein during the post-
nucleation phase of the reaction. After mixing an excess of the protein com-
ponents with TMV RNA the resulting protein and reconstituted virus sediment~
ation coefficients and concentrations are obtained directlx by analytical
ultracentrifugation. Electron microscopy is used to investigate the quality
of the reconstituted virus. The data strongly suggest that both the 4§ and
20S protein components participate in the elongation phase during assembly,
but that the 4S component incorporates preferentially.

Supported by NIH Grants AI-11573 and AI-05266.
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T-PM-Po4l GRAPHICAL ANALYSIS OF NON-IDEAL MONOMER N-MER AND ISODESMIC INDEFINITE SELF-ASSO-
CIATING SYSTEMS. W.F. Stafford III, Rosenstiel Center, Brandeis Univ., Waltham, MA 02154.
Concentration dependent behavior of the apparent weight average molecular weight, M, ,ap
for a non-ideal monomer N-mer or isodesmic indefinite self-associating system can be descrgb—
ed by a monomer molecular weight, an equilibrium constant and an activity coefficient. For
an ideal monomer N-mer self-agsociating sistem, one can generate a set of standard curves by
plotting log(M, , /Ml) vs. log(KNc ) for various stoichiometries as parametric func-
tions of the weiggt fraction, a, of polymer (¢f. Yphantis and Roark, 1972). By direct com—
parison to experimental data plotted on the same scale as log(Mw a ) vg. log(c), one can ob-
tain, in principle, the stoichiometry, monomer molecular weight ang equilibrium constant by
superposition of the plots. In addition, for non-ideal systems for which the logarithm of the
activity coefficient can be represented as a linear function of ¢, one can generate for each
stoichiometry a serjes gf standard curves by introducing a single dimensionless parameter
defined as B=BM1/K§i (where B is the colligative second virial coefficient, M; is the
monomer molecular weight and KN the monomer N-mer association constant). From these curves
one can obtain the second virial coefficient as well as the other parameters. What is notable
about this approach to the analysis of non-ideal systems is that, for any given value of «,
deviations from ideality are shown to be dependent only on 8. Furthermore, for
systems which exhibit a maximum in the plot of My, app VS. ¢, one can obtain both Ky and BM;
simply from a knowledge of (Mw /Ml)m and ¢, gg the stoichiometry is also known For
example, it can be shown for 5 abRomer—dimer system that: (Mw M 1 max=(1Foga5) /(1+3amax)
Ko=0as/ (1=0pa:0 2Crans B=0.5[(1-ag, )/ (T+og,,) 13;BM=8K,. simiiaF relationships for other
stoichiometries and other molecular weight averages for both monomer N-mer and isodesmic in-
definite self-associating systems will be presented. Supported by NHLBI grant # HL 21488.

T-PM-Po42 ACID-INDUCED CONFORMATIONAL CHANGES IN HUMAN CHORIONIC GONADOTROPIN (HCG) AND THE
MECHANISM OF SUBUNIT DISSOCIATION. H. Forastieri and K.C. Ingham, American Red Cross Blood
Services, Plasma Fractions Laboratory, Bethesda, Md. 20014.

HCG is comprised of two nonidentical subunits held together by noncovalent bonds.
D1ssoc1ation of the subunits in acid or in urea is strongly influenced by temperature. At
4° C, the intact hormone undergoes a conformational transition in acid which is character-
ized by: (1) a reversible increase in the polarization, P, of tyrosyl fluorescence from
0.19 at pH 7 to 0.22 at pH 3 with a midpoint at pH 5, (2) a slight decrease in the elution
volume on Sephadex G-100 at pH 3 relative to pH 7, (3) a decrease in 52 W from 3.22 at
pH 7 to 2.92 at pH 3, and (4) a small positive near UV difference spectrum (Ac = 2%). These
observations are compatible with an acid-expanded form of the hormone in which one or more
tyrosines are less_exposed to the solvent. The increased P at pH 3 is stable at tempera-
tures as high as 7°C but decreases with time at higher temperatures. At 25° or 30 , P
reaches an apparent plateau value within approximately 30 minutes which depends on the
temperature, and which can be reversed by subsequent slow cooling. No detectable dissoci-
ation into subunits accompanies this decrease in P. Prolonged incubation for several
hours at these temperatures will result in further decreases in P and dissociation into
subunits. At 37°C, P decreases continuously with concurrent dissociation into subunits,
but first order kinetics are not observed. These results suggest the occurrence of at
least two conformationally distinct forms of HCG which are sequentially encountered prior
to subunit dissociation in acid.

*
T-PM-Po43 |NTERPRETATION OF NON-LINEAR VAN'T HOFF AND ARRHENIUS PLOTS. E. D. Sprague, C.

Larrabee,‘ and H. B. Halsall (Intr. by E. Franke), Department of Chemlstry, University of

Cincinnati, Clncnnnatl, OH 45221,

It has been suggested that, in general, non-linear van't Hoff and Arrhenjus plots for
many processes involving proteins may be the result of a nonzero AC or AC for the process
(H. J. Hinz, et al., Biochemistry, 10, 1347 (1971)). This may not Iways ge the case,
however, and it is important that a careful analysis be made of the experimental data to
determine the correct form of the van't Hoff or Arrhenius plot. Using non-linear least
squares techniques, it is possible to determine whether the data in a given case are better
explained in terms of (1) nonzero heat capacity changes, or (2) a temperature-dependent
equilibrium between two forms of the protein. We have examined, therefore, both kinetic
and equilibrium data for systems involving the binding of steroids to serum proteins. The
data of Basset, et al. (BBRC, 79, 380 (1977)) for the binding of cortisol to human corti-
costeroid binding globulin (CBG) fit best when model (2) is chosen. These results are com-
pared with analyses of the binding of progesterone to CBG, progesterone binding globulin,
and orosomucoid.
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T-PM-Po44 A NEW AND SIMPLIFIED CALCULATION OF THE INTRINSIC ENTROPY OF A PROTEIN SUBUNIT.
Harold P. Erickson, Anatomy Department, Duke University Medical Center, Durham, NC 27710

The intrinsic entropy due to the translational and rotational freedom of a protein sub-
unit is an important consideration in protein interactions and assembly. For polymeriza-
tion to occur the bond energy, attributable to hydrophobic interactions at the subunit
interfaces, must be sufficient to compensate for the loss of entropy as the subunit is
immobilized (1, 2). A very simple calculation of this intrinsic entropy may be obtained on
the basis of the following assumption: rotation and translation of the immobilized subunit
are restricted, but only to a level of about 1 A. Thermal vibration and movement of this
magnitude are observed for individual atoms in protein crystals, and this is a reasonable
estimate for the vibrational movement of surface atoms and the center of mass of the sub-
units in a protein polymer. The rotational entropy loss may then be given by AS, = R 1n a~,
where o = 1/(circumference)(l). For a 20,000 MW globular protein a = .009 and AS_ = -28 e.u.
The translational entropy loss may be estimated as that involved in compressing tge subunits
from a hypothetical standard state of 1 M to a concentration where the centers of subunits
are 1 R apart (1667 M). Thus, AS_ = -R 1n(1667) = -15 e.u.

The total loss of intrinsic engropy upon polymerization of a protein subunit is therefore
43 e.u., which corresponds to a free energy of 13 kcal/mol. This is about half the value
obtained by quantum mechanical calculation with no correction for internal vibration (2),
but it still represents a considerable energetic barrier to polymerization. Experimental
data do not rule out the higher values, but are generally consistent with a total intrinsic
entropy change of only -10 e.u. The value of -43 e.u. derived here may still be consider-
ably higher than actually applies in protein association. Refs.: (1) Steinberg and
Scheraga, J. Biol. Chem. 238: 172 (1963); (2) Chothia and Janin, Nature 256: 705 (1975).

T-PM-Po43 INTERACTION OF AFLATOXINS WITH HUMAN LIVER IN VIVO AND IN VITRO. C. Kirk*
and D. Yourtee, Cancer Research Center, Columbia, Mo. 65205.
Postmitochondrial fractions of human liver have been used to evaluate the ability of
this tissue to bind the potent hepatocarcinogenic aflatoxins and to convert sequestered
toxins to oxidized or reduced metabolites. As a measure of the in vivo interaction micro-
somal liver from 22 Missouri cancer patients was exhaustively extracted with chloroform
and the extracts were evaluated using thin layer chromatography and scanning fluorometry
techniques to determine the presence of aflatoxins B1,G1,B2,G2 and any metabolites of these
that might have been formed in vivo. One of the specimens was found to contain aflatoxin By
at approcimately 500 ng/y wet liver tissue. Incubation of this specimen with an NADPH
generating system and the native aflatoxin produced traces of metabolite which, however,
was in insufficient quantity for identification. In alternate experiments with the same
population of liver samples, the in vitro metabolism of aflatoxin By by human hepatic
microsomes produced a number of metabolites that varied among individuals but was usually
on the order of three to five metabolites per individual. There were high percentages of
bound aflatoxin and the most common and quantitativly important metabolite among organo-
soluble metabolites was aflatoxin Q). This aflatoxin metabolite was produced by all age
groups and in both sexes over a variety of liver histological and historical influences for
the subjects providing the specimens. These findings support that human liver has a pro-
clivity for aflatoxins and their metabolism. Although the critical interactions with tissue
macromolecules might not be the same , sequestering of aflatoxin in Tiver microsomes and
multiple metabolism has been observed in experimental animals susceptible to hepatomas from
aflatoxins. Results for a larger population of human tissues will be discussed.

T-PM-Po46 A PHYSICAL DESCRIPTION AND QUALITATIVE EXPLANAT!ON OF DROPLET SEDIMENTATION. H. B.
Halsall, Department of Chemistry, University of Cincinnati and C. J. Remenzik*, Engineering
Science, University of Tennessee.

The resolution between- fractions which have been separated by zone or zon