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Studies on Acid Deoxyribonuclease

VIl. Conformation of Three Nucleases in Solution' ?
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The optieal rotatory dizpersion, circular dichroism, and infrared speetra of acid
1)Nase, pancreatic DNase, and Stophifococeus awrens nuelease have been determined.,
The eonformations ol these three nucleases differ greatly from each other and from
that of ribonuelease; while the acid and panercatie 1Y Nases cantain litile o helix,
the bacterial enzyme has ea. 2377 of that conformation; acid DNuse probably eon-
tains antiparallel pleated sheet S-sirueture,

Spleen acid deoxyribonuelease (DNase),
an engyme isolated as a homogencous pro-
tein (1, 2) and characterized in several of its
physical and chemical properties (3), has
been the objeet of extensive investigations
in recent yvears. These have been reviewed
alsewhere (4, 5).

Two prominent features of spleen acid
DNage are its ability to split simultancously
both strands of native TINA at the same
Jevel (6) and its dimeric structure (7). 1t is
evident at this point that structural in-
vestigations on the enzyme could be ex-
tremely rewarding. As a first step in this
direction, we decided to undertake o con-
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formational study on acid DNase and to
compare: the resultz obtaiuned with similar
data  obtained on two related enzymes,
namely, pancreatic DNuse and the nuelease
isolated  from  Staphyglococcus  awreus (S
aurews nuclease). A preliminary report has
been presented clsewheve (S}

MATTRRIALS ANTY METIHODS

Materials. Acid DNase T3 was prepared from hog
gpleen by the method of Beroardi ef af. (2). Prepa-
ration HS 21 was used in the present work. Pan-
creatie DNaze (1 X crystallized) was purchased
from Worthington Biochemieal Corp. (T3, lot No.
8147, The S. gureus nuclease was ulso w Worthing-
ton produet (NFCP, lot .No. 8FR, 11,000 units/
mg.

Methods. The optieal rotatory dispersion (ORDY
aud circular dichrolsm (CD) specira were ob-
tuined on a Cary 60 recording speciropolarimeter
equipped with a Model 6001 aceessory, nsing eells
with 1.0, 0.1, and 0.01 em path lengths between
185 and 350 nm and protein concentrations of ap-
proximately 1 mg/ml. The visible range data for
the Mollitt-Yang (9 and Schechier-Blont (10)
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Fro, L Far-UV ORI gpectra of three nucleases.

above 220 nin is expunded tenfold.

plots were obtained in a 3-em cell. All data were
correeted fur the refractive index of the solvent,
sodiwn phosphate baller, pll 7.0, 1/2 = 0.1, The
infrared speetra were nieasured between 1,400 nud
La00 e~ on s double beam grating Perkin Elmer
Aodel 621 spectrophotometer in o phosphate
bulfer 1pIT 7.0, 172 = 0.1) using a t.l-mmm path
lengih eell with ealeinm fluoride windows; 1he
proicin concentration was e, 10 ¢/1 for the acid
and panereatic DNases and 4 g/l for 8 awreus
nuclease.
RESULTS AND DTRCUSSION
ORD. The results of the ORD studies are
presented in Fig. 1 and Tuble T, The data
obtained in the visible region, shown in
Tuable 1, reveal strong differenecs hetween
the conformations of the three cuzymes.
Both the Moffitt-Yang (9) «p and by param-
eters and the Schechiter Blout (10) e and
Hayy parameters indieate that uaeid T)Nase
sentially no e-helix; by 1s smadl and
H oy actually agsumes a

ha
positive as is Hyy ;

Note: The spectrum of acid DD Nase

TARLL 1
TOTATORY LNSPERSTON OF
THREE NUCLEASES

Orrican

Freyme l T I ha gz ITass
Acid DNase —r | 800 1.0 —8.6
Panercatie DNuge + —291 —40 ] 20.9 | 10.4
—182  34.0 | 32.9

8. aurens nuelease | —341 i
|

negutive value. The lack of agreement be-
swoen the fy and Hapy parameters and the
concomitant small negative value of g
idicate strongly that the conformation of
this enzyme consists of a mixture of un-
ordered structure and some other, possibly
ordered, conformation which is not an a-
helix, The case is similar with pancreatic
DXNuse; here, the small negative value of
by indicates the presenee of not more than
15% e-helix, while the value of ap and the
lack of agreement between Ifyy and Ha;
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points to a mixture of unordered amd other
(possibly ) conformations. In the case of the
5. aureus nuelease, the situation is different;
hoth fy and the Schechter-Blout parameters
suggest the presence of 25-3577 a-helix, in
fair agreement with Tleins ef of. (11); the
similarity in the values ol Hyg and H.; sug-
gests thal most of the remainder of the
molecule 1z in unordered conformation,
The far-ultravielet ORD results are shown
in Fig. 1. The spectrum of acld 1XNosn ix
quite complex. It Is charneterized by wek

peaks at 220 mm ('] = 325) sud 201 nm
(Im] = 2540 and troughs ar 24 nm
([m'] = —4153) and 221 nm ('] = —150].

While this spectrunt defies analvsis in terms
of conformation, 11 1= somewhat remini=eent
of the speetr of some proteins that contnin
Soatruelure, such as y-globulin (12, 13},
which ulso have weal, complex foaraltra-
violet ORT) spectra. It is interesting to note,
furthermore, that acid DNuase has one of the

et
.,l

wenlest reported rotations at the sodium D
line for a globular protein: jalp = —1L
This refleets the unusually low intensties of
the far ultraviolet Cotton effeers. The peak
at 204 wm sugaests the presence ol 3-con-
formation (14, 130, The detnils of the ORD
pattern above 220 nm most probably refleet
contributions of zide chain chromophoves,
The ORD spectrum of pancrentic D Nase
i~ churneterized by oa bimodal trongh with
minima at 225 wm (m'] = — 2,050 and 256
nny ([l = — 2450 and a pealk at 204 nm
10,5001, This spectrum 1= very
similar to that of d-luetoglobulin (161 which
i= believeid 1o contain antiparadlel pleated
<heet conformntion (171, and might he taken
o= imliention of the presence of that con-
fornuition. i agreenwent with Cheng (18).
The ORD speetrum of S, areens nuclease
agiin is consistent with the presenee ol g
considerable amount of e-helix: it has o pealk
at 19 nm, a shoulder at 215 nm, and a

ﬂ.l.-‘.r'.lr; =

o~
12 + Jf \\ B
[
10 ‘J ]||| -
!
f //‘I\\
8 / 11 .
/ L\ 5 1 4
6 | t | -
1 )
[ A
a |
. A 0
I9 2 |
- _2
. P A )
o O l o
| -4 b
-2 . x
| Acid DNA'se -6
4 b ﬁll_ (X110} —
1 4 -8
-6 L b ™~
| a. Nuclease
1 1 -10
_s | 1 :
8 i
\ H -1z
_|O — —
| \ | A | 1 —14
180 200 220 240 260
)\,m;_r

Fro, 2. Far-UV CD speetra of three nueleases. Note: The speetrum of acid T¥YNase above

206 nm is expanded ienfold.



Bk TIMASHEFEF

a0 |

T I
Acid DNA'se
/

: -'rl ™ a I
-63 — \\ / \ -
/ L

I S. a. Nucleose
—-a0 |t T
.II
-100 |-
1 !
250 270 290 310
A mp

Trs. 3, Near-UV CD spectra of three nueleases.

trough at 233 nm. The negative shoulder at
215 nm may rellect the contribution of
arpmatic chromophore.

€O, The CD ‘-\]}[(il vof the t llcf enzivmes
are prexented in Figs, 2 and 3. In the far-
ultraviolet, the situation is :Jgnm very similar
to that Tound in ORD, Aecid DNuase has a
woeak eomplex spectrum. Negative maxima
are found at 234 o (8] = —a35) and 212
nm (8] = —1,320), while positive maxima
e observe rl ab 225 nm ([ 1= 145 and 193
mn (8] = 4,173). The lust band suggests
ngnin ‘Lht presence of 3 structure (19}, while
the great detail above 205 nm probably re-
flects the contribution of =ide chain chromo-
plioves. The spectrum of panerentic TXNase
stronglyv sugeests the presence of g-strueture
(positive penls at 194 nm, negative peal at
215 nm, while that of the S, guwreus nu-
clease 1s in agrecment with that reported
above 210 um (20) and is conststent with the
presence of approximately 20-25 70 e-helix,
a munber In rensonable agreement with the
reported  Norav o ervstallographie

recenily
it 0273,
The near-ultravielet CT spectra of the
thiree enzymes ave shown in Fig, 3. Both acid
DXNase and pancreatie D XNase display very
weak and complieated CD patterns. Both
have positive maxima at 292-293 nm and al
283 nm which probably reflect tryptophan

AND BERNARDI

transitions (22, 23) [acid DNase has 6 Tiep
(3), the pancreatic enzyme has 4 Prp (24)];
the rest of the speetrum may refleet over-
lapping transttions of the tyrosine side
cliins and the disultide bridges (25, 26)
[reid DNuse has 12 Tyr and 4 8-5 (3), pan-
creatic DNuse has 10 Tyre and 2 8-8 (24)].
The =pectrinn of the S, auwrens nuclease is
much simpler; it is dominated by o negative
band ot 276 nm and o weak positive maxi-
mum at 293 nn In view of the absence of
disullide bridges in this protein (27), the
276-nm band may be assigned to the 7
tyrosines, while the positive absorption at
295 nm probably veflects transitions of the
single tryptophan (22, 23). In general, with
the exeeption of the positive ahsor ptmn,:lt
295 nm, the CD spectrum of the baeterinl
enzyme 18 highly reminiscent of that of
ribonuelense above 200 nm (25, 28, 20),
Iufrarved. The infrared specira of the three
enzymes arve shown in I'ig. 4. Restricting the
discussion to the amide T bund, which is
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dominated by earbonyl stretching (30), it
can be seen that the acid DNase band is
maximal at 1,632 em™! which is charae-
teristic of @-structured proteins in solution
(31). The shoulder at 1,685 em™ indicates
that thiz S-structure is of an antiparallel
pleated sheet type (32). The specira of the
other two enzymes are less definite. Both are
characterized by rather broad amide I
bands, maximal at ca. 1,640 em™?; the strong
absorbance at 1,650 em™! i3 consistent with
the presenice of some e-helix, wlule the
shoulders at 1,630 em™ could reflect some
B-structure (30-32); these last two gpeetra,
however, do not make possible an unequivo-
cal agsignment of structure.

CONCLUSIONS

Comparizon of the ORD, CD, and inflra-
red speetra of three functionally related en-
gymes reveals that their secondary con-
formations are greatly different from cach
other. I'urthermore, 1t appears that their
conformations are also different from that of
another related enzyme, namely, pancreatic
ribonuclease. The most likely conclusion on
their conformations iz that S. auwreus nu-
clease containg n solution ca. 20-30°% o-
helix, with the remainder mostly unordered,
in agreement with the ervstal structure daty
(21); aecid and pancreatic D XNase both con-
tamn little or no «-helix, their =econdary
strueiures being predominantly in the un-
ordered and g-conformations; acid DNase
probably eontaing signifieant amounts of
antiparallel pleated sheet structure, as shown
by ts infrared gpectrum.

The ORD and CD speetra of acid DXNase
may serve, furthermore, as good example of
the magnitude of the contributions that may
be made below 230 nm by side ehain transi-
tion; the weak complicated spectra are most
probubly reflections of transitions due to #ide
chains rather than to the backbone poly-
peptide chain, Furthermore, the assignment
of ORD and CD spectra in the [ar ultra-
violet to 8- and unordered coulormations isg
quite hazardous. asman and Potter (33)
have shown that polvpeptides in the anti-
parallel pleated sheet g-conformation may
have highly different speetra, band positions
being displaced by ag much as 10 nm depend-

ing on whether the structure belongs to the
I3 or I1-8 family of spectra (22, 33). Tn the
case of umordered conformation, polvpep-
fides in solution give a CD speetrum with a
deep negutive band at 195 nm, weak positive
absorption at 218 nm, and a very weak negsn-
tive band at 235 nm (14). The same polv-
peptides ecast as films give speetra with a
negative band at 200-205 nm and a negutive
shoulder at 215-225 nm, a situation verv
similar to that observed with denatured pro-
teing (34).
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