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ABSTRACT

The distribution of shearing stress on DBA is a basic problem 

in the hydrodynamics of this polymer» It is thought that from, 

experimentally determined molecular weight distributions of sheared 

DBA, the distribution of shear stress can be found. Therefore, this 

work deals with the investigation of one possible method of finding the 

distribution of molecular weights, that of fractionating the sheared

T-2 bacteriophage DBA using a MAK chromatographic column. For the low
6molecular weights used (less than 10 ), erratic results were obtained 

for several types of analysis (including intrinsic viscosity) on the 

eluted fractions, and the column was therefore determined not to be 

sufficiently stable to be useful in the molecular shearing stress 

problem’. This irreproducibility appears to be due to partial denature- 

tion of the DBA in the MAE column. It was also found that in this 

molecular weight range the MAE column fractionates primarily by chemical 

composition rather than by molecular weight, although a small molecular

weight effect was observed. This is in agreement with the results of
\other workers on high molecular weight, native DBA.



IHTRODUCTIOB

A fundamental problein, in the non-Newtonian rheology of solutions 

of DNA and other large macromoleeules is the distribution of shearing 

stresses on the polymer due to a gradient in velocity. There is no 

theory of polymer dynamics yet available capable of explaining non- 

Newtonian effectso Thus an experimental evaluation of molecular stress 

distribution is needed,' In principle, one can obtain a qualitative 

experimental evaluation of these stress distributions from an analysis of 

molecular weight distributions resulting from chain scission in a 

velocity gradient, since polymers break preferentially at a point 

corresponding to a maximum in the stress distribution",' However, molecu

lar weight distributions must be measured with high accuracy throughout 

the degradation process, and the range of molecular weights to be 

determined may span several orders of magnitude„

Previous studies on the shear degradation of DNA assume that the 

shear stress distribution is parabolic and maximized very near the center 

of the molecule, so that fragments resulting from chain scission are 

about half the size of the original molecule, [See Levinthal and Davison 

(1961), Burgi and Hershey (1961), Rubenstein ~et al» (1961), and Hogness 
and Simmons (1964)„] There is some theoretical justification for this 

assumption in a velocity gradient uniform, both in the direction of the



flow streamlines and normal to them, such as is approximately obtained

in non-turbulent couette devices, [See Frenkel (19^*0»] However, in

degradations using high speed stirring, the stress distribution may be

maximized somewhat off center, since degradation is believed to occur in

the boundary layer where the velocity gradient is not uniform, [See

Harrington (1965).]
For extensive degradation in which chain scission takes place

very near the molecular center, the final molecular weight distribution

of the fragments spans a range of about a factor of 2. Therefore, a

sensitive measure of the shift of the maximum from the molecular center

would be dispersity of the final molecular weight distribution in excess

of this value„ To assess the positions of the stress maxima, a precise

method of measuring molecular weight distributions of highly degraded,

initially homogeneous DM. is therefore needed. Since methylated serum

albumin-kieselguhr (MAK) polumns are known to fractionate high molecular

weight native DM. in terms of molecular weight, chemical composition^ or

both, the suitability of these columns for the chromatographic fraction-
5at ion of sheared T-2 bacteriophage D M  in the molecular weight range 10 

to 10^ is studied, in this work.

The MA.K column was first reported by Herman (1955) <■ Mandell and 

Hershey (i960) further developed the column and showed that degraded D M  

was eluted at a lower salt concentration than the native. This was done 

by shaking dilute T-2 bacteribphage D M  to shear it, then mixing it with



native DH&, and passing the solution through the column. The elution 

pattern showed two distinct hands. The band eluted at the lower salt 

concentration was identified with the degraded DM., The study of elution 

of degraded D M  was continued by Hershey and Burgi (i960) who showed that 

fragments of half and quarter size of the original D M  eluted at lower 

salt concentrations than the native. They also demonstrated the 

heterogeneity of the degraded D M  and the comparative homogeneity of 

the native T-2 DM", However, the shearing of D M  changes not only its 

molecular size but also its chemical composition, since the base ratio 

per unit distance along the helical axis is not, in general, uniform,, 

Sueoka and Cheng (1962) studied the chemical effect of D M  on the M&K 

column. Their findings indicate that the column can distinguish the 

various extents of hydrogen bonding and different base compositions (DM 

with greater guanine-cytosine content was reported to be eluted at lower 

salt concentration)^ Sponar et al, (1964) also found that the M&K 

column fractionates D M  by chemical composition as well as by molecular 

weight. Thus, the conclusion that the MAK column discriminates on the 

basis of molecular weight has not been established without ambiguity, 

and in addition, all these earlier workers used degraded D M  at least an 

order of magnitude higher in molecular weight than is used in this study. 

Sheared T-2 bacteriophage D M  samples of molecular weights less 

than 10^ (determined by intrinsic viscosity) were chromatographically 

separated on a MAK column. The thermal denaturation temperatures.



intrinsic viscosities, and optical density ratios at 260 m̂ t/280 mjzwere 

obtained for the eluted fractions» While the MftK column appears to be 

reproducible for the native undegraded DM, it was found quite irrepro- 

ducible at these low molecular weights, and the precise molecular weight 

distributions necessary to determine the positions of the shearing stress 

maxima on D M  subjected to high speed stirring in a rotary homogenizer 

are not likely to be obtainable using this methodi



EXPERIMENTAL

Preparation of the DNA

The E„ coli-B bacteria were grown in a medixm made by mixing the 

following constituents and amounts in a liter of water:

The solution was first boiled to obtain maximum dissolution# It was 

then cooled, filtered, and poured into a fermenter„ The fermenter was 

air tight with provisions for filtered aeration and mechanical agitation, 

and was provided with an exit filter to prevent excessive contamination 

of the laboratory with bacteria and bacteriophage. The entire fermenter 

assembly with medium was then steam autoclaved, and was kept refrigerated 
until ready for use.

NagHPÔ 10,5 g

4:5 g
NH^Cl 1,0 g

MgSO^’THOH 0,61 g

glycerol 30,0 g

Gasamino acid (technical) 15.0 g

CaClg (l M solution) 

gelatin (l$ solution)

0,3 ml

1,0 ml

To begin the culturing process, E. coli-B was plated from a stock 

culture onto nutrient agar in a culture tube and was incubated at 37.5° 0,



in a serological water bath for l-l/2 to 3 hours„ As soon as the 

culture was visible it was replated onto another culture tube„ This 

process was repeated once or twice again so as to assure that only the 

most viable, fastest growing strain was present. This strain was 

allowed to grow in a serological bath at 37*5° C. for eight hours. It 

was then suspended by shaking with a small amount of medium. This 

suspension was poured into the sterile medium, in the fermenter, and the 

apparatus was set up in a constant temperature bath and equilibriated at 

37*5° C, The E, coli-B was grown with aeration and agitation to a con

centration of 2.x 10y cells per mly (approximately the end of the log 

phase), as determined from, turbidity in a Spectronic 20 colorimeter using 

an experimentally measured calibration curve „ The growth process usually 

took 6-8 hours. If a longer growth period was found necessary, the 

implication was that the stock was contaminated by slow-growing mutant 

strains'.

When the concentration of E', coli was sufficiently high, the
7medium was inoculated with approximately 10 phage cells per ml. These 

were then grown under aeration and agitation through about twelve genera

tions (4 hours) at 37*5° CT, -Foaming was a rather serious problem during 

the first several generations, being caused by the release into the 

solution of surface active bacterial intracellular material due to phage 

induced bacterial cell lysis.



After the twelfth generation the bacterial cells were lysed with 

one part chloroform per thirty-five parts medium. Aeration and agitation 

were continued until the characteristic chloroform, odor was no longer 

given off at the exit tube. Foaming was again a problem.. DNase was then 

added (one microgram per ml of medium) and aeration and agitation were 

continued for approximately one hour. The purpose of the DNase was to 

destroy the bacterial DNA released into the solution and to prevent its 

later contamination of the virial DNA. The culturing process was con

tinuous to this point, but was sometimes interrupted here if necessary',"

In this case the culture was always kept refrigerated between steps. The 

bacteriophage particles were initially purified by filtration through 

diatomaceous earth. Two and one half grams of hyflo-supercel (Celite) 

were added per liter, and the solution was stirred. The culture was then 

filtered through a 3-5 mm pad of Celite to remove most of the bacterial 

cell debris.

Final purification and isolation of the phage particles was 

accomplished by a differential centrifugation procedure [see Mandell and 

Hershey (i960)]. The filtrate from the above step was centrifuged for 30 

minutes at $000 x "g" in a refrigerated centrifuged, at 5° C. The 

supernatant was poured off and retained; the pellet (containing mostly 

residual bacterial debris) was discarded," The supernatant was centrifuged 

at 11,000 x "g" for one hour and the pellet was retained arid suspended in 

iced sodium chloride, phosphate, EDTA buffer of pH 6,8 and 0.1 molar in



sodiume The centrifugation steps were"repeated at least once on the 

buffer solution.

The T-2 bacteriophage particles were suspended at a concentration 

of 2 x 10 /ml and stored under refrigeration. The DMA was extracted 

from the phages by a phenol extraction procedure similar to that 

described by Mandell and Hershey (i960). The phages were shaken for 2 

minutes in a glass stopped flask with an equal volume of recently 

distilled, water saturated phenol. The action of the mechanical shaker 

used by Mandell and Hershey (i960) which gave 2k0 rectilinear excursions per 

minof amplitude 9-2 cm, with the flask parallel to the line of motion, 

was duplicated as closely as possible manually-,' Mandell and Hershey (i960) 

reported that at the specified DH& concentrations, there was no appreci

able breakage even after 30 minutes of shaking,' However, at lower concen

trations breakage may be very rapid.

The purpose of the phenol was to lyse the phage particles; the DMA. 

went into the aqueous layer while the debris went almost entirely into 

the phenol layer. Centrifugation for 5-10 minutes at 2000 rpm. sufficed 

to separate the two layers. The lower layer was removed with a capillary 

pipet and discarded. In most cases, a single phenol extraction was 

sufficient, but it was occasionally necessary to repeat this step. The

residual phenol in the. aqueous layer was removed by shaking with 3-5
t

changes of ethyl ether (distilled over ferrous sulfate and preserved in 

the cold with water and a trace of ethanol added) to remove the dissolved



phenole The DBA. solution was kept cold during the extraction. Air was 

bubbled through the solution to remove residual ether"," The resulting 

solution, if properly prepared, had neither the odor of phenol nor ether. 

This solution was clear and highly viscoelastic, and had a concentration

of about 0,4 mg/ml DBA, The molecular weight of the native DBA was
8assumed to be 1,3 x 10 [see Rubenstein et al, (1961) and Davison et al, 

(1961)] and both chemically and molecular weights monodisperse [see 

Hershey and Burgi (1961)],

The native DBA was degraded in a Virtis ”45” Macro homogenizer. 

The homogenizer's motor speed was monitored by a Virtis photoelectric 

tachometer which had been recalibrated against a General Radio Co, type 

1531-A Strobatac, The motor speed was controlled over the time interval 

of the runs by first thoroughly warning the homogenizer motor, and then 

by operating the apparatus from a voltage regulated power source. The 

temperature was maintained at 25,0° C, by surrounding the degradation 

vessel with a theraostatted water jacket supplied by Forma refrigerated 

circulating thermostat!

All the molecular weights for the degraded DBA were found from, 

intrinsic viscosity measurements, A 4-bulb dilution viscometer (Cannon- 

Ubbelohde CUSD-11, type 50> manufactured and calibrated by Cannon 

Instrument Co,) was used to determine intrinsic viscosities! Concentra

tions were determined on a Zeiss PMQ, II spectrophotometer using an
2extinction coefficient of 0„0l8l cm jy. gm DBA at 260 m̂z. [see Rubenstein



10

et al„ (1961)]o Molecular weights were calculated using the data of 

Eigner (i960) extrapolated to molecular weights below 3 x 10^, and 
constants for the Staudinger equation, [^]=kM^, [see Staudinger (1930)] 

were taken as k = 1«08 x 1 0 and a = 1,14% Thermal denaturation curves 

were run on both the native and degraded MA* Ho evidence for denatura

tion was found.

Preparation of the MAE

The preparation of the MAK column followd that of Mandell and 

Hershey (i960) and Sueoka and Cheng (1962). The method of making the 

methylated albumin used was originally reported by Praenke1-Conrat and .

01cott (1945) and later described by Mandell and Hershey (i960) and by 

Sueoka and Cheng (1962). The albumin used in the preparation of the 

esterified albumin was serum, albumen (bovine) fraction V powder, labelled 

"for chemical and investigational use," obtained from the nutritional 

Biochemicals Corporation, Cleveland. Five grams of albumin were suspended 

in 900 ml absolute methyl alcohol, and h"',2 ml of 12 H HC1 were added.

The mixture was placed in the dark and stirred occasionally for three 

days. The precipitate was collected in 250-ml centrifuge bottles, and 

washed twice with methyl alcohol and twice with anhydrous ether in the 

centrifuge. Most of the ether was evaporated in air, and final traces 

were evaporated in vacuo over KOH, The resulting material was reduced to 

a powder and stored over KOH. The final material was water soluble and
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stable either in solution or in dry form* It was used in the form of a 

1$ solution in water.

The washed protein-coated kieselguhr (MAK) was prepared by 

suspending 20 gm. kieselguhr in 100 ml of 0,1 M buffered saline. The 

suspension was boiled under reduced pressure to expel air, and then was 

cooled. Five ml of 1$ esterified albumin were added and stirred, and 

then 20 ml of additional buffer were added. Two liters of MAK were made 

for the present work, and the material was stored at all times under, 

refrigeration.

Procedure

The buffered saline solutions used to elute the D M  were always 

made to contain 0,05 M phosphate ion, and were buffered at a final pH of 

6,8, The recipe used to make stock (10 times normal strength) phosphate- 

EDTA buffer (10 x BPE) was

MgHPO^ 8,518 gm/l
NaH2P0^°H0H 2,760 gm/l

MgEDIA ' 3.723 gm/l
To make the final saline buffer solution, called BPES, an appropriate

amount of sodium chloride was added to normal strength BPE to give the 

desired concentration of (la'8'), i.e., 4,91 gm/l of laCl was added to 

normal strength BPE to produce BPES 0,10 M in (la*); 28.28 gm/l of laCl 

was added for 0.50 M (la*); and 57.50 gm/l of laCl was added for 1,00 M 

(la*):.
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The column was constructed in a condenser} one end of which was 

closed by a sealed-in fritted glass disc having a diameter of about 5 cm. 
The temperature of the column was controlled by a Forma refrigerated, 

circulating thermostat„ For all the work presented the temperature was 

maintained at 25,0° C„

The column was packed using eight-5 ml layers of M&K, It was 

found that severe channelling resulted, especially at low temperatures 
(5.0° C.), if the column was not made in layers. The column thickness 

after washing with 300 ml of BPES 0.10 M in (Na+) was about 1.320.1 cm.

After washing, 50 ml of DHA were loaded at concentrations averag

ing 2 0 gm/ml. The total load of the column was therefore approximately 

1000 yU-gm of DMA. The eluent from the column immediately after loading 

was checked for percentage of DMA present; in a suitably constructed 

column, the amount of DMA in this eluent was small., The DMA was block 

eluted using 100 ml portions of buffered saline solution, usually 

beginning with a salt concentration of 0.45 M or 0. 58 M. The elutions 

were collected in 10 ml fractions in a Gilson Medical Electronics fraction 

collector. The concentration of DMA in each 10 ml volume was determined 

spectrophotometrically as previously discussed. The washing, loading, and 

elution were all carried out under a slight positive pressure supplied by 

an oil free, diaphragm air pump with a bleeder value for precise pressure 

control. The pressure was kept sufficiently high to maintain an average
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flow rate of 5 ml/min. This flow rate was slow enough to permit complete 

elution of the DNA at the various salt concentrations used*

The most concentrated samples from several elutions were 

retained* The samples eluted at the same salt concentrations in dif

ferent runs were mixed and concentrated by dialysis under pressure *

These solutions were then dialized to equilibrium in 0.20 M in (Ha*). 

Intrinsic viscosities of the fractions were found as discussed in 

Appendix A, Thermal denaturation temperatures of the fractions were 

obtained using the Zeiss Spectrophtometer with high temperature cell 

holder accessories and a high temperature circulating bath. The optical 

densities for all fractions were measured at 260 and 280 and

the OD ratios at these wavelengths were determined. Concentrations were 

determined from the optical density at 260 using the extinction coef

ficient previously given.

■ i ■



DISCUSSION

Figures la through Id show the elution pattern for sheared T-2 

bacteriophage DM.. The viscosity average molecular weights are given 

for the DNA before adding to the column. The elution patterns show a 

shift in so far as the maximum is at a higher salt concentration the 

higher the molecular weight. However, the shift is slight in this 

molecular weight range and the samples show much heterogeneity. This 

heterogeneity is clearly shown in the broader maximum and larger "tailing" 

of the sheared as compared with undegraded native T-2 bacteriophage DNA, 

Figure 3° At the lower molecular weights there appears to be no way of 

calibrating the column, i.e., of correlating a molecular weight with a 

specific salt concentration at which it is eluted, since the maximum is 

so broad and the column is not very reproducible. The last elution 

pattern, Figure 3; shows that the undegraded T-2 DNA is eluted at a higher 

salt concentration, but the difference in salt concentrations is not large 

considering the two orders, of magnitude difference in the molecular weight 

(less than 10^ for the sheared and about 10^ for the native). It therefore 

appears that the ability of the MAE column to discriminate DNA fragments 

according to molecular weight is certainly very small, and it is likely

Ik
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that molecular weight fractionation by this method is insignificant

compared to chemical separation.

Figures 2a and 2b are elution patterns of the same sample of

sheared T-2 DMA using different starting salt concentrations„ Since

these elutions are considerably different, it appears that the "history”

of the column effects the elution pattern. These Figures indicate that

the reproducibility of the MAK column is not sufficient for quantitative

work in this molecular weight range,

In Figures k, 5, 6, and 7, results are presented for eluted

solutions which were all dialyzed to equilibrium in 0.20 M (Ha"5"), and

are therefore directly comparable one to another„ In Figure 4, intrinsic

viscosity is plotted against salt concentration. Intrinsic viscosity is

used here rather than molecular weight since the melting curves (Figures

9 through 15c) show only small hyperchromic shifts. This small hyper-

chromism (compared to the much larger hyperchromism of samples which had

never been subjected to chromatographic elution) implies that samples

which were eluted and dialyzed were partially denatured, Staudinger

constants are known for various types of DMA and native DMA fragments of
6molecular weights in excess of 10 , and can be extrapolated for sheared

5 6DMA in the molecular weight region 10 to 10 without serious error „ How

ever, the native DMA is a flexible rod-like molecule and approaches a 

rigid rod model as its molecular weight is reduced, while denatured DMA is 

almost certainly a nearly random coil macromolecule, Thus the hydrodynamics
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and the low shear Staudinger constants for denatured DHA. will he very

different from those of native DHA of comparable molecular weights, and
(

Staudinger constants for denatured DHA have not been determined with 

sufficient accuracy at the present time. The slope of a least square 

line drawn through the points of Figure U is 14,5 t 15.4 showing a 

statistically significant but by no means clear-cut increase in intrinsic 

viscosity (and therefore in molecular weight) with increasing salt con

centration, The random deviations of the points from the straight line 

are too great to represent graphically; the error in the intrinsic 

viscosities at this molecular weight is about t 0.7, which does not 

entirely account for the deviation of the points.

Figure 5 shows a much more definite trend of increasing thermal 

denaturation' temperatures, T^, with increasing salt concentration, where 

T is the temperature corresponding to the midpoint of the absorbance 

rise found by Maxwell's method of equal areas. Figures 9 through 15c 

show the melting curves, Marmur and Doty (1962) [also see Schildkraut 

and Lifson (1965)] have discussed extensively the relation of T^ to the 

base composition and have demonstrated that T^ is essentially unaltered 

by degrading the DHA. They have also developed a linear equation relating 

T^ to the mole percentage of guanine plus cytosine for DHA in 0.20 M in 

(Ha"6") „ Figure 6 shows their equation, T^ - 69.3 * 0,4l (G <= C), applied to 

our melting curve data. This graph shows a definite increase in mole 

percentage of guanine and cytosine along the elution profile. - The lines



IT
above and below the least square line show the limits of error in the 

slope and intercept due to deviations between the points and the least 

square line itself [see Beers (195?)]» Sueoka and Cheng (1962) found 
that the column fractionated by G*C content as well as molecular weight, 

using crab DMA. However, they found that DMA with the greater G-fC 

content was eluted at the lower salt concentration6
The ratio of optical densities at 260 m̂ x and 280 are 

plotted against salt concentration in Figures 7 and 8„ The samples for 

Figure 7 were equilibrium, dialyzed to 0,20 M (Na+), while those in 

Figure 8 were the 10 ml portions eluted from the column averaged first 
over those samples at d given salt concentration in a single run and 

then over specific salt concentrations of all runs. The flags in Figure 

8 represent the standard deviation of c,r>260^0'D280 for runs a't a given 
salt concentration with an average error of ± 0,3 and the least square 
line within this error, Fredericq, Oth,‘ and Fontaine (i960) use 

^ 260/^280 ra't:̂ os i*0 estimate the base ratios in DMA, However, their 
work is at pH 3 while ours is neutral pH, so very little quantitative 

information can be obtained in the present work on base composition trends 

associated with the increase in this ratio with increasing salt concentra

tion, Furthermore, the relation of the O D ^ q/®280 ra^^° base content 
of DMA is not well understood theoretically at the present time. However, 

these data do qualitatively support the base composition elution patterns
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deduced from the data, and are additional evidence for a chemical 

fractionation effect in this work.

The set of Figures 9 to 15c are melting curves'. The absorbance 

rise appears to be much smaller for samples eluted from, the MAK column 

and dialyzed to standard solvent conditions than for sheared DM. of 

equivalent concentration and molecular weight which has not been subjected 

to this treatment „ The rise was also small for samples eluted from the 

column but not dialyzed; however, the varing ionic strength of these 

samples influences the T^, It therefore appears that some denaturation 

of low molecular weight D M  may occur with passage through the MAK 

column, although complete melting certainly is not observed in any case. 

Corresponding partial denaturation of large native D M  has not been 

observed in previous studies using the MAJC column chromatographic method.



CONCLUSIONS

5 6In the 10 to 10 molecular weight range, the elution patterns 

of DNA, from the MA.K column are not reproducible enough and do not appear 

to be sufficiently sensitive to molecular weight for a quantitative 

study of molecular weight distributions« It seems most likely that the 

denaturation of sheared DNA during passage through the MAK column 

accounts for the erratic nature of all the experimental results, which 

are irreproducible far beyond any possible error in experimental measure

ment . It is also likely that the severe column history effect noticed 

has a similar origin,

A transition from a helical to a random coil configuration would 

greatly alter the hydrodynamic properties of the DNA fragments as discussed 

previously. In general, this type of transition would result in lowered 

intrinsic viscosity for fragments of equivalent molecular weight.

Although hyperchromism also accompanies loss of helical structure in DNA, 

the absolute effect of melting on the extinction coefficient at 260 m/̂  

would be less severe, although the ratio 0D25c/0D280 w u -1-<3- 136 more 
seriously affected since the absorption at 280 m̂ j, is probably relatively 

independent of helical structure, These ideas are qualitatively in agree

ment with the observations of the present work, assuming erratic partial

19
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denaturation of the short helical D M  fragments to occur upon elution 

from the MAX column« The intrinsic viscosities and OD^q/ ratios 

are highly irreproducihle,. while the T^ data, which are more independent 

(although not completely so) of the total amount of helical structure in 

the DM. fragments, are relatively better behaved„

It appears that the MAX column fractionates in the 10 to 10 

weight range predominately by base composition, with increasing mole 

percentage of guanine and cytosine eluted at higher salt concentrations„ 

There appears to be in addition a small molecular weight effect, with the 

higher molecular weight D M  coming off at higher salt concentrations, but 

this effect is seriously obscured by the irreproducibility of intrinsic 

viscosity data in the molecular weight range studied. Therefore, the 

unmodified MAX column as used here does not appear to be a suitable 

experimental method for determining molecular weight distributions at 

these low molecular weights. Furthermore, precision and reproducibility in 

base composition fractionation is poor under these conditions,

The poor performance of the column appears to be connected with 

some degree of loss of helical structure of the eluted DM; however, it is 

possible that conditions for elution can be found under which partial 

denaturation of the D M  fragments would not occur. In this case, experi

mental precision would likely be considerably enhanced, and might be 

expected to be roughly commensurate with the precision of the experimental 

characterization measurements.



TAJBLE 1

Percentage of DNA Eluted at Given (Ea*) Concentrations

Figure Number
1 2 3 4 •. 5 6 6 7

Mv 1.630xl05 3,701xl05 5,547xl05 7.553xl05 4,l6lxl05 4,l6lxl05 4.l6lxl05 native
E 0,80 1,34 . 2,82 1.93 3.39 3,12 3.55' 2,05
£Na*3
o45 6,73 7.14 7.91 2,62 9.61 ’
,50 - 5,14 4,63 3,09 2.68 2,98
,52 3.60 3.23 3.20 2,16 0.63
,54 2.54 1,11 1.46 2,45 0.26
,56 • 2,44 0.83 1,10 1.51 0
,58 1,48 0.56 0.85 2.74 11,28 12,14 9.16 3.54
,60 3.71 1.17 2,06 0.58 14,67 25.29 25.25 0.91
.62 10.73 5.57 3.88 0,64 13.83 32,20 21,92 0.34
,64 10,76 7.97 10,08 2.68 15.25 13,37 14.86 0,29
,66 15.32 13.72 14,35 13,52 5.33 4.79 10.39 0,29
,68 10.86 12.82 15.20 13.64 11.12 0.28 3.42 0.46
,70 11,76 14,00 13.63 20.29 3,24 0 1.69 3.88
,72 9.59 9.70 7.40 17,14 31.74
,74 5.25 4.24 1,78 7.64 24,32
,76 0,90 0,84 5.01 1.04 0.22 1,37 3,77
.78 ' 0 1,81 0
,80 1,91 1.37 0.87 0

1,2 5,69 5.03 0,68 0,67 0 0,57
Total i 
Recovery 103,52 94,56 95.21 99,91 93.31 92,08 91,61 72,16



22

TABLE 2

Experimental Results Tabulated With P?], T^, G'td, and ^260^^280 

Using Data From. Equilibrium Dialysis, and 0:D26c/0D280 
Contains Data Averaged Over All Runs

Figure Number
8 9 10 11 12

M [Na*]. m tb(°=) G4=C C!D260/,0D280 0D260y/0:D280

Load
E
M

,50

' 1.597 - o.oii 
1.910 ± 0.601 
1.891  ̂0.533 
1.489 & 0.192

00LTx 3.386 86.0 40.7 1.149 1.735 * 0.354
,60 1.103 87.8 45.1 1.188 1.890 ± 0.283
.62 4,434 88.9 47.8 1.226 1.912 * 0,300
.64 2.200 89,7 49.7 1.216 1.840 * 0.135
,66 4.609 89.9 50.2 1,232 1.801 ± 0,208
.68 5.873 90,9 52.7 1.184 1,971 * 0,506
.70 2.855 91.0 52.9 1.190 2.476
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Mv = I .630 x l05 
TR= 103.52%

F 45.50 .60 .70 .78.80 .L20
M ( N a 4)

FIG. I. Elution p a t t e r n s  o f  s h e a r e d  DNA
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FIG. 2 .  Elution p a t t e r n s  of  sh e a re d  DNA
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FIG.3. Elution p a t te r n  o f  native DNA
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FIG.4 . Plot o f  [ 77] vs. sa lt  c o n c e n t r a t io n  d ia ly z e d  to  
equilibrium in 0 . 2 0  M (Na+).
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t o  equil ibrium in 0 . 2 0  M ( Na+).
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vs. s a l t  c o n c e n t r a t io n  dia lyzed to  

equilibrium in 0 . 2 0  M ( Na+).
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FIG. II. Melting curve of  s h e a r e d  DNA e luted  at  0 .6 0 M (N a * ) ,  

and equilibrium dialyzed into 0 . 2 0 M ( N a 4 )
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APPENDIX A

The Cannon CUBD-ll, type 50 viscometer used in all intrinsic

viscosity determinations provided the following shear rates: 156,000/t,

85,000/t, and 58,000/t, where t is of the order of 180 seconds. These 

shear rates were determined by the Cannon Instrument Co, for the 

viscometer used. By the method of least squares, the linear intercept 

of a plot of shear rates vs 17 sp/c was found [ ̂7 sp = ( ̂ solution/1? 

solvent) - l]„ From experimental data a quadratic analytical formula 

was developed for extrapolation to zero concentration. This was

Thus dilution was unnecessary and intrinsic viscosity of even these 

highly sheared samples could be found at relatively low concentrations^
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APPENDIX B

A new method of growing the E, coli and phage was suggested by 

Dre Bruno Ziram (1965)0 He reported obtaining high yields of DMA using 

as a fermenting vessel a one liter graduated cylinder. Aeration was 

provided, but no mechanical stirring. This method was tried, but the 

high yields expected were not obtained. This was probably due to 

unavoidable interruptions in the process.
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