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ABSTRACT

This thesis presents X-ray crystallographic research on
chymotrypsin and lysozyme. ©Seven crystal types of chymotrypsin
were identified -- five for the first time. The seven crystsl
types sppear to be different packings of two conformations of
the same molecule.

One crystal type of lysozyme was studied. From Patterson
projections of crystals diffused with PtIg™ jons, the x, y, and
z coordinates for these ions were determined. .After one least
squares refinement of these coordinates, the agreement factor
between calculated and observed contributions of the P“tIs= ions
was 0.34 for 108 hkO and hOl reflections. Using these coordinates,
an hkO and an hOl Fourier projection were prepared.

X and y coordinates for the heavy atoms in lysozyme crystals
diffused with UOs & ions, WO4 ions, Hgls ions, HgClaz, ThCla,
and p-ClHgPSOsH were determined from Patterson and Fourier

projections.
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TIrRODHICTT O

This report presents research on the structure of two enzymes,
chywotrypsin and lysozyme. The object of this research was tae
preparation of electron density (Fourier) maps for crystals of these
enzymes, using the techniques of X-ray diffraction. Two Fourier
projections were prepared for crystals of lysozyme; none for crystals
of chymotrypsin. No structural information was obtained from either
projection,

Chymotrypsin was selected for study because it had been crystal-
lized previously, its enzymatic activity had been investigated
extensively, and it might be combined with inhibitors carrying heavy
atoms. Inhibited chymotrypsin carrying heavy atoms was of interest
for obtaining the heavy atom derivatives required for preparation
‘of Fourier maps. |

The research on chymotrypsin consisted of three parts:

1. Crystallization and Prelimirary X-ray
Studies of DFP-Inhibited Chymotrypsin.

2. Diffusion of Heavy Atoms into Crystals
of DFP-Inhibited Chymotrypsin.

3. Preparation of Inhibitors Carrying Heavy Atoums.

*Di-isopropylphosphorofluoridate
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DFP-Inhibited chymotrypsin was used in the first and second parts of
the research because 1t could be crystallized without autolysis at
pH's where the free enzyme is active. From'the first part of the
research, seven crystal types of inhibited chymotrypsin were
identified - five for the first time. Two crystal types had been
prepared previously (1,2), but not investigated by X-ray diffraction.
The present X-ray data from these two crystal types of inhibited
chymotrypsin, designated Monoclinic I and Tetragonal, were nearly
identical to those from crystals of alpha-chymotrypsin and gamma-
chymotrypsin, respectively. Present data from alpha- and gamma-
chymotrypsin are in good agreement with published data (3,4). Two
crystal forms of inhibited chymotrypsin, the Tetragonal’and Tri-
gonal, containing one molecule per asymmetric unit, may be of interest
for further study.

In the second part of the research on chymotrypsin, an attempt
was made to obtain heavy atom derivatives of the Tetragonal crystals
prepared in the first part. Diffusion of these crystals with Hgls
jons and PtIg~ ions failed to produce the heavy atom derivatives
required for three-dimensional Fourier maps. Diffusion of Trigonal
crystals was not attempted because they were not readily available.
Diffusion of Tetragonal crystals of free chymotrypsin (gamma-
chymotrypsin) has been undertaken at the National Institutes of

Health in Maryland but has not been reported successful. On the
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other hand, diffusion o‘f Monoclinic I crystals of free chymotrypsin
(alpha-chymotrypsin) has yielded one heavy atom derivative (5).

From the third part of the research on chymotrypsin, one
potential inhibitor carrying heavy atoms was obtained but not used
to prepare a heavy atom derivative, because it released its heavy
atoms under the conditions required for preparation of a heavy atom
derivative. Preparation of p-ClHg@SOoF, an inhibitor carrying a
mercury heavy atom, has been achieved recently by Traylor (6). Its
use in the preparation of a heavy atom derivative has not been
reported. However, the use of an iodo analogue, p-IPSOzF, in the
preparation of a heavy atom derivative has been (7).

The second enzyme studied was lysozyme. Its study was
initiated after the above attempts to obtain heavy atom derivatives
of chymotrypsin failed. From X-ray structure emplitudes of lysozyme
crystals diffused with heavy atoms, Patterson and Fourier projections
were prepared. Most of the structure amplitudes were obtained by
other workers. From the projections, tentative x, y, and z coordinates
for PtIg~ ions were obtained and tentative x and y coordinates for
the heavy atoms in six additional diffused crystals were obtaine&.
The coordinates for the P’c16= ions are in close agreement with
those obtained at the California Imnstitute for P£I6= ions in crystals
of lysozyme-TaBClla++. They are symmetrically related to those
published for PaCly” ioms in crystals of lysozyme (8). The x and y
coordinates for two of the six additional heavy atoms are symmetrically

related to published coordinates (8).
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Subject to confirmation with three-dimensional data, crystals
of lysozyme diffused with RI; ions constitute a heavy atom deriva-
tive of lysozyme. Data from those crystals were used to prépare an
~hkO and hOl Fourier projection of lysozyme. The hkO proJjection is
in good agreement with that obtained at the Royal Institution in
London (6), but contains a number of differences from the hkO
projection of lysozyme-TaGCllg++ obtained at the Califormia Institute.
Three-dimensional confirmation of the coordinates of PtIg
ions and determination of a z coordinate for at least one of the
six diffused crystals for which tentative x and y coordinates were

obtained wili permit preparation of three-dimensional Fourier maps

of lysozyme.
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Crystallization and Preliminary X-Ray Studies

of DFP-Inhibited Chymotrypsin

Introduction

Crystallization of DFP -inhibited chymotrypsin was first

achieved by Gladner and Neurath (1) and Massey and Hartley (2).
The object of the present study of the crystallization of ﬁFP-
inhibited chymotrypsin was to obtain single crystals suitable for
investigation by X-ray' diffraction. The inhibited enzyme was
sélected because it could be crystallized vfithou’c. autolysis at
pH's where the free enzyme is active. |

' _Preiiminary X-ray diffraction data from crystals o‘b’cained by
the author and other workers permitted desighation of seven crysta.l
types of inhibited chymotrypsin. Five of these crystal types were
obtained for the first time. The two remaining crystal types had
been prepared previocusly (1,2), but not investigated by X-ray
diffraction. Present X-ray data from these two crystal types,
designated as Monoclinic I and Tetragonal, were nearly identical
t0 those from cr&sta.ls of alpha-chymotrypsin and gemma-chymotrypsin,
respectively. Data from the present study were in good agreement
with published data (3,4). A third crystal type of inhibited

chymotrypsin, Monoclinic III, was also found to be nearly identical

*di-isopropylphosphorofluoriéate
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to the corresponding crystal type of free chymotrypsin.

The seven crystal types of inhibited chymotrypsin appear to be
different packings of two conformations of the same molecule. Each
crystal type is discussed in terms of its preparation and potential

for future X-ray investigation.
Preparation of Crystals of Inhibited Chymotrypsin

Crystals of DFP-inhibited chymotrypsin were obtained from four
batches of DFP-inhibited chymotrypsin, as described below. All
chymotrypsin was obtained from Worthington Biochemiecal Corporation.
Batch 1

The first batch of inhibited chymotrypsin was prepared by
mixing a solution of lyophilized alpha-~chymotrypsin with a solution
of DFP, according to the method of Jansen et al. (9). The solution
of chymotrypsin contained 0.856 gm. of enzyme, 17.9 gm. of NaHzPO4-Hz0
and sufficient redistilled water and NaOH to form 642 ml. of solution
at pH 7.5. Six ml. of an isopropanol solution, 0.0l M in DFP, were
mixed with the enzyme solution and the mixture stored for 48 hours
at 5°C.

Crystals were obtained from this solution, 0.13% in enzyme, by
Miss Battfay. Preparation of the monoclinic prisms that resulted
is outlined in Table 1.

Batch 2
As above, a solution of lyophilized enzyme and an isopropanol

solution, 0.0l M in DFP, were mixed according to the method of
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Jansen et al. (9). But to prepare a larger quantity of inhibited
enzyme, an enzyme solution was prepared from 20 gm. of alpha-
chymotrypsin, 20.9 gm. of NaHoP04+HZ0 and sufficient redistilled
water and NaOH to yield 608 ml. of solution at pH 7.5. The DFP
solution (150 ml.) was mixed with the enz&me solution and the
mixture, containing 2.6% enzyme, was stored for 48 hours at 5°C.

This mixturé was prepared for crystallization by precipitating
its inhibited enzyme with 348 gm. of solid (NH4)2S04. Not all of
the (NH4)2804 dissolved, so 180 ml. of redistilled water were added
to the solution. Then, after all of the (NH4)2504 had dissolved,
the precipitated enzyme was collected, dissolved, and reprecipitated
to free it of isopropanol which had been salted out by the (NHg)2504.
The purified precipitate was dissolved, dialyzed against redistilled
water at 5°C and then lyophilized.

Crystallization of the lyophilizate wés begun by dissolving
it in redistilled water, adjusting the pH to that desired for
precipitation and adding sufficient solid (NH4)2S04 to obtain a
solution 0.7 saturated with respect to (NH4)2S04. The resulting
precipitate was collected by centrifugation and dissolved in redis-
tilled water. Sufficient saturated (NH4)2504 solution was added
to saturate the solution with respect to protein. With less,
crystallization did not occur. For crystallization, the protein
solution was adjusted to the desired piH, clgrified by centrifugation

and placed in vials.
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From the second batch, tetragonal bipyramids, trigonal rhombs,
and thick monoclinic plates resulted. Their crystallization is
outlined in Table 1.

Batch 3

To investigate the possibility of inhibiting a solution of
crystalline chymotrypsin, batch 3 was prepared. Fou;teen ml of
an isopropenol solution, 0.0L M in DFP, were added to 44O ml. of
enzyme vsqlﬁtion at pH 7.5 and stored for T2 hours at 5°C. The
enzyme solution contained 12.5 gm. of I‘faH2P04~H20 and about 600 mg.
of éhymtrypsin crystals which Miss Battfay had prepared by precipi-
tating and crystallizing alpha-chymotrypsin at pH & (10).

Crystels were obtained from the solution of inhibited chymotrypsin
by adding 2.9 volumes of saturated (NH4)2S504 to & portion of it,
clarifying the resulting solution bjr centrifugation and adjusting the
pH. With less than 2.9 volumes, which saturated the solution with
respect to enzyme, no crystals were obtained.

Two hundred crystallizing experiments were prepared from batch 3.
Small triclinic columns and trigonal rhombs were obtained. Their
preparation is outlined in Table 1.

Batch 4

DFP-inhibited chymotrypsin from Worthington Biochemical
Corporation was érystallized from 3% solution by Miss Battfay (10).
Monoclinic rhombs, trigonal rhombs and tetragonal bipyramids wére

obtained, Their preparation is outlined in Table 1.
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Preliminary X-Ray Studies

Crystals obtained from the four batches of DFP-inhibited chymo-
trypsin were studied by X-ray diffraction. Mounted in capillaries,
they were exposed to CuK*{ radiation (A = 1,542 2) in precession
canmeras with crystal-to-film distances of 90 mm. No useful diffrac-
tion patterns were obtained from needles grown in each of four
batches. Preparation of needles has been reéorted by earlier workers
(1,2). .Useful diffraction patterns were obtained from triclinic
éolumns, monoclinic prisms, thick monoclinic plates, trigonal rhombs
and tetragonal bipyramids by the author; and from monoclinic rhombs,
trigonal rhombs and tetregonal bipyramids by other workers during the
present study.

On the basis of these diffraction patterns, seven crystal types
of DFP-inhibited chymotrypsin were designated (see Table 2). TFive of
these crystal types - Triclinie, Monoclinic II;l, Monoclinic II-2,
Monoclinic TII and Trigonal - were obtained for the first time. The
two remaining types, Monoclinic I and Tetragonal, had been prepared
previously (1,2), but not investigated by X-ray diffraction. Present
X-ray data from these two types are nearly identical to present
- data from crystals of alpha~chymotrypsin and gamma-chymotrypsin,
respectively. Agreement of present data with published data is
good, as observed from Table 3. A third crystal type of inhibited

chymotrypsin, Monoclinic III, is nearly identical to the corresponding
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crystal form of free chymotrypsin included in Table 3. The three
crystal types of inhibited chymotrypsin presented in Table 3 are
nearly identica.l to the corresponding crystal types of free chymo-
trypsin with respect to distribution of intensities as well as unit
cell data.

Differences in unit cell data and in distribution of intensities
were used to establish the seven crystal types. For example, Mono-
‘clinic II-1 and Monoclinic II-2 differed in beta angle and in
distribution of intensities.

In Tables2 and 3, the unit cell parameters sre derived from
at least two different diffraction patterns, except in the cases of
¢ for Monoclinic I and b for Monoclinic II-2, for which only one

pattern was available.
Discussion of Seven Crystal Types of Inhibited Chymotrypsin

In Table 1, preparstions leading to each of _the seven crystal
types of inhibited ‘chymtrypsin are collected by crystal type. In
Table 2, X-ray date for each of the crystal types are listed. Below
are comments on the preparation and crystellographic properties of
each type. |
Triclinic

Triclinic crystals were obtained only from batch 3 at pH 2.3; no
other batch was crystallized at that pH. Because these crystals
were small, gave no high-angle reflections and contained 4 molecules

per asymmetric unit, further study of them is not recommended.
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Monoclinie I

Monoclinic I rhombs were obtained from batch 4 by precipitation
and crystallization at pH 4.0. Although high-angle reflections
were obtained from these crystals, they are not recommended for
further study because all of the crystals thus far have given X-ray
patterns indicative of twinning in the ab plame. These crystals
are also very fragile and, thus, difficult to mount.

Monoclinic II-1l and Monoclinic II-2

Monoclinie II-1 rhombs were obtained from batches 2 and 4 when
either precipitation or crystallization or both were carried out at
pH k-5, Crystallization of batch 4 at kah produced Monoclinic II-2.
At pH 4, these two crystal types appeared along with Monoclinic I.
Monoclinic II cr&stals contain 2 molecules per asymmetric unit. The
similiarity between these and other monoclinic crystals is discussed
later.

Monoclinie III

Monoclinic III crystals were obtained from batch 1 at pH 5.6.
The fact that they were not obtained from other batches crystallized
at pH 5.6 may be related to the use of 0.1 M acetate in the crystalli-
zation of batch 1. This has not been investigated. These crystals
gave excellent diffraction patterns. However, further X-ray investi-
gation should await & better understanding of their preparstion and

relation to other monoclinic crystal types.



-17-

Irigonal
Trigonal rhombs were crystallized from batches 2, 3 and 4 using

greatly different enzyme concentrations: 0.1%, 0.03%, and 3%,
respectively. The treatment of these batches prior to crystallization
differed also. Thus, further study of the preparation of trigonal
rhombs 1is suggested. They contain one molecule per asymmetric unit
and give good diffraction patterns and, thus, are suitable for
ﬁxrhher’X—ray investigation. |
Tetragonal

Tetragonal bipyramids weré formed from batches 2 and 4 at or
above pH 5.6. ﬁo explanation of the failure to obtain them from
batches 1 and 3 at the same i)H's is possible at present. These
crystals contain one molecule per asymmetric unit and give excellent
-diffraction patterns and, thus, are suitable for further X-ray
investigation.

Comparison of crystal types of inhibited chymotrypsin

Monoclinic I and Tetragonal crystals of DFP-inhibited chymotrypsin
contain differént conformations of the sa.mé molecule (10). These
crystals differ in volume per molecule - 54,000 and 60,000 Rs,
respectively - probably because their two conformations differ in
volume. Crystals with volumes per molecule of about 54,000 £2 would
be expected to contain the conformation présent‘in Monoclinic I‘

o)
crystals; and those of about 60,000 Aa, the conformation present in
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Tetragonal crystals. Thus, the Triclinic and Monoclinic crystals,
with volumes per molecule of between 52,000 and 54,000 g2 , appear
to contain the conformation found in Monoclinic I crystals.
Similarly, the Trigonal crystals, with a volume per molecule of
58, 000 Ra, appear to contain the conformation found in Tetragonal
crystals whose volume per molecule is 60,000 2%, Differences in
unit cell parameters among crystals within the two groups probably
“arise from differences in packing of the conformation in each group.
Considerations like the above suggest that Monoclinic I and Mono-
clinic III crystals of free chymotrypsin are different packings of
the same conformation.

All of the Monoclinic crystals contain 2 molecules per
asympetric unit and were grown from solution at pH 5.6 or below.

Both trigonal and tetragonal crystals contain 1 molecule per
asymmetric unit and were grown from solution at or above pH 5.0.
Apparently, a low pH conformation of inhibited chymotrypsin was
erystallized in the Monoclinic crystals and a high pH form of greater
volume was crystellized in Trigonal and Tetragonal crystals.

The existence in solution of two conformations of chymotrypsin
which differ in size is supported by Egan's analysis of the electro-
phoretic mobilities of alpha- and gamma-chymotrypsin (11). Crystals .
of alpha- and gamma-chymotrypsin are nearly lidentical to Monoclinic I

and Tetragonsl crystals of inhibited chymot’ry:psin. Thus, properties
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of free and inhibited chymotrypsin in crystals and in solutions
appear related. Further investigation of crystallographic and
electrophoretic properties of free and inhibited chymotrypsin may
lead to a better understanding of the structural relationship
between the enzyme in crystals and in solution.

Details about the conformation of the enzyme in each crystal
type may be obtainable from low resolution Patterson maps. If
these maps support the existence of two conformations of chymotrypsin
vhich can be crys‘ca.llized in a number of forms, tﬁen only one form

of each conformation need be the subject of further X-ray investigation.

Diffusion of Heavy Atoms

into Crystals of DFP-Inhibited Chymotrypsin

Diffusion of heavy atoms into Tetragonal crystals of DFP-
inhibited chymotrypsin was attempted by other workers to obtain
heavy atom derivatives of inhibited chymotrypsin. From X-ray
intensities obtained by other workers, the author prepared hkO and
hOl Patterson projections from which the location of heavy atoms
was not possible. Thus, no heavy atom derivaties were obtained.

Tetragonal crystals of inhibited chymotrypsin were selected
because they contain one enzyme molecule per asymmetric unit and give
excellent diffraction pétterns. These crysﬁa.ls were diffused with

Hgls ions and 1-"’t;Ie= ions beceause location of ions with their large
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number of electrons was more likely than location of ions with

fewer electrons. X-ray patterns from crystals diffused with

HgI4™ ions contained minor intensity cha.nges from patterns of
undiffused crystals. DBut corresponding Patterson projections from
diffused and undiffused crystals were essentially identical and an
hkO Difference Patterson failed to reveal specific heavy atom sites.
X-ray patterns from crystals diffused with PtIg~ ions were nearly
identical to those from undiffused crystals. Therefore, no
Patterson projections weré prepared for crystals diffused with PtIg~
ions,

Diffusion of Hgl4™ ions at concentrations higher than those used
above has yielded diffraction. patterns little different from those
‘obtained above. Thus, further diffusion of Tetragonal crystals with
Hgls~ ions is not recommended. Further diffusion with Ptlg ions
or ions with fewer electrons is not recommended either. | However,
diffusion of other crystal types of inhibited chymotrypsin is
recomménded because diffusion of Monoclinic I crystals of free
chymotrypsin (alpha-chymotrypsin) has yieldéd one heé.vy atom derivative
(5).

Preparation of Inhibitors Carrying Heavy Atoms

- Introduction
Heavy atom derivatives are required for the preparation of

electron density maps of chymotrypsin. One way to obtain heavy
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atom derivatives is to prepare inhibitors carrying heavy atoms,
inhibit chymotrypsin with them and crystallize the resulting inhibited
enzyme. 4‘1‘his spproach also provides a method of taggix_ng the active
site of chymotrypsin in the crystalline state.

The following section describes attempts to obtain inhibitors
carrying heavy atoms from the reactions of:

p-HO@HgC1 end POCla, p-Ho¢Hg01 and SOClz, p-HO@HECL
and SO02Clz;

S0Clz end PCMBS*, SOClz and CoI4NH**;

CHIs and (NaO)oP(0)F, CHI5 and (AgO)aP(O)F’ and

AgNOg and (Nao)gP(O)F
These eight reactions were attempted for the purpose of obtaining
phosphoryl halide, sﬁlfonyl halide or thionyl halide inhibitors
carrying mercury, silver or iodine heavy atoms., From only one of
these reactions, the one between AgNOsz and (NaO)oP(O)F, was such a.
compdund obtained. It was not _used. to i)repare a heavy atom derivative
because it appeared to release heavy atoms under the conditions
required for inhibition of chymotrypsin.

Bach of the eight reactions 1s described in detail below.
The Reaction between p-HOPHgCl and POCla

The reaction between p-HO¢HgCl and POClas was undertaken for the

purpose of obtaining C1P(0)(O@HgCl)2, & potential phosphonyl inhibitor

*p-chloromercuribenzenesulfonic acid
**tetralodopyrrole



carrying mercury atoms:

C1P(0)Clp + 2HOGHgCL + 2Mex(@)N = CLP(0) (OFHgCL)2 + 2Men(@)N-HCL.
The potential inhibitor was not obtained.

However, a crystalline substance was obtained. It was extracted
by acetone from the solid present after stirring and refluxing the
mixture of 10 gm. of practical grade p-HO@HgCL, 400 ml. of dry ether,

5 ml. of Mea(¢)N and 1.4 ml. of POCls. The stirring and refluxing
were continued for 17 hours. Acetone was one of seven organic solvents
used in an attempt to obtain possible products from the solid phase,
which had increased 0.7 gm. during the 17 hours. Acetone was

selected because it yielded the largest amount of extract.

The extract was crystallized from ethanol as microscopic plates
which were laboriously separatéd from the amorphous material deposited
with them. The plates contsined mercury and melted between 136.7
and 137.2°C. They were analyzed by Elek Micro Analytical Laboratories:

phosphorous-nil, chlorine-2k.56%
carbon-20.18%, hydrogen-2.50%

No analysis for mercury was possible because the sample was limited.
Without phosphorous, the plates could not contain the desired
phosphonyl inhibitor. Because the inhibitor had not been extracted
from the solid phase by acetone, and was not expected to be soluble
in the liquid phase, no further work on the reaction was undertaken.
No attempt was made to purify or analyze extracts of the solid phase

obtained with solvents other than acetone, because these extracis
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were obtained in even smaller amounts than the extract from acetone.
Discussion
The reaction between p-HOPHgCL and POCla,

CLP(0)Clz + 2HOPHgCL + 2Mex(¢)N => CLP(0)(O¢HgCl)2 +
2Mea(¢)N-HCL,

was & modification of a successful reaction (12):

FP(0)Clz + 2HOF + 2Men(§)N = FP(0)(0f)2 + 2Mea(@)N-HCL.
Mercury phenol was substituted for phenol, and POClz was substituted
for POC1lzF in an attempt to obtain a potential phosphonyl inhibitor
ca.rrying mercury atoms. The inhibitor was not obtained a.ltﬁough the
solid phase increased 0.7 gm. during the reaction. If the inhibitor
had been fofmed and deposited in the solid, it was not soluble in
acetone. Perhaps this lack of success in obtaining an inhibitor is
related to the substitution of an essentially insoluble mercury
phenol for the soluble phenol.

| The role of solubility was not investigated because the primary
object of this reaction was to obtain a potential inhibitor, rather

than to study the reaction in detail.
The Reaction between p-HOPHgCl and SOClo

The reaction between p-HOPHgCLl and SOCl, was attempted to obtain
p-C1lHgf0S(0)Cl, a potential thionyl chloride inhibitor carrying a

mercury atom. The potential inhibitor was not obtained. However, a
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crystalline substance, probably HgClp, was. These conclusions are
based upon three experiments with p-HO¢HgCl and SOClp, as described
below.

First experiment

Mercury-containing crystals were obtained from the first
experiment with p-HOPHgC1l and SOCls. When & few hundred mg. of
p-HO¢HgCl were dissolved in boiling SOClz, a yellow solution formed.
The solution deposited a white solid which yielded clear crystals
from ether. Because there were too few of these crystals for
quantitative elemental analysis ,. & second experiment was undertaken
to dtain sufficient crystals for analysis.

Second experiment

Sufficient crystals were obtained from the second experiment
with p-HOPHgCl and SOClp for quantitative elemental analysis. The
analysis showed that the crystals were not the desired inhibitor,
p-C1lHgPos(0)C1l, but probably were HgClo.

Two batches of crystals wére obtained: one from the solid
phase and the other from the liquid phase present after a boiling
mixture of 33 ml. of SOClo, 200 ml. of chloroform, and 2.5 gm. of
p-HOPHgCL was allowed to cool. The solid was crystallized from
ether as rhombs. The liguid was evaporated to a pool of white liquid
which, upon further evsporation, deposited rhombs and needles.

Crystals from the solid and ‘Bhe liquid were combined and

recrystallized from acetone in order to obtain the largest possible
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amount of pure crystals. During an attempt to find their melting
point, the crystals gave off white fumes which deposited needles
upon a cool surface. The needles were resublimed for further
purification.

The twice-sublimed crystals were analyzed by Elek Micro
Analytical Laboratories:

sulfur-nil, chlorine-25.57%
carbon-nil, hydrogen-nil

The limited amount of needles did not permit & quantitative analysis
for mercury.

Because the sublimate contained no sulfur, carbon, or hydrogen,
it could not be the desired inhibitor. However, the sublimate
appeared to be HgClz. It contained 25.57% chlorine, whereas HgClaz
contains 26.2%. It, like HgClo, contained mercury, appeared as
colorless rhombs or white powder, sublimed as white vapor and
dissolved in ether and warm water, but was only sparingly soluble in
cold water.

Because the analysis had been performed on sublimed cyrstals,
thé possibility existed that the sublimation had done more than
simply purify the crystalline product of the reaction between
p-HOPHgC1 and SOClp. Therefore, a third experiment was undertaken
to settle this point.

Third e:;perimen’c

The solid present after adding powdered p-HOPHgCL to SOClz with
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stirring was collected and repeatedly crystallized from ether. The
crystals were analyzed by Elek Micro Analytical Laboratories:

sulfur-nil, chlorine-23.03%%
carbon-0,50%, hydrogen-0.30%

Their composition was similar to that of sublimed crystals from the
gecond experiment:

sulfur-nil, chlorine-25.57%
carbon-nil, hydrogen-nil.

Apparently, sublimation had only purified the ecrystalline product
of the reaction between p-HOPHgCLl and SOClz. Thus, the crystalline
product from both the second and third experiments was probably
HgCla. The crystalline product definitely was not the desired
inhibitor, p-ClHgPoS(0)Cl, because it contained no sulfur.

The probable product of both the second and third experiments
was the same. DBut in the second, chloroform was present and the
S0Clz boiled, whereas in the third, chloroform was not‘ present and
the SOClz was not boiled. Therefore, formation of the product does
not depend upon the presence of chloroform or the boiling of SOCla.
In both experiments, a molar excess of SOClpy was used. The third
experiment was the final experiment with p-HO@HgCl and SOCla.
Discussion

The above attempt to obtain p-Cng¢OS(O)Cl » & potential thionyl
chloride inhibitor carrying a meréury atom; was unsuccessful., How-
ever,; another attempt, using KO¢HgCl and SOClz has been reported

successful (13). Investigation of this attempt is recommended.
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An undesired result of the reaction of p-HO@HgCl and SOClz was
the removal of mercury from p-HOPHgCl, probably as HgCls, by an excess
of S0Clz. Perhaps this reaction would be reduced by use of a.
stoichiometric quantity of S0Clz. Another way to reduce removal of
mercury is to substitute mercury aniline for mercury phenol in the
reaction with SOClg(lE) . This substitution should ‘lea.d to p-
ClHg@N(H)S(0)Cl, a potential inhibitor.

Although the removal of mercury from mercury phenol with boiling
aqueous KI has been reported previously (14), removal by excess
S0Cls apparently has not. |

The Reaction between p-HOPHgCL and SO0zCla

For comparison with the reaction of p-HO¢HgCl and a stoichiometric
excess of SOClz, a reaction between p-HOPHgCl and a stoichiometric
excess of S02Cls was conducted. The solid that was formed in the
reaction with S02Cls dissolved completely in ether, forming colorless
crystals. The same observations had been made for the reaction with
S0Clz from which erystalline HgClo was the probably product. Therefore,
the probable product from the reaction with S02Cls was HgClo.

A stoichiometric e;:cess of S0zClz apparently removed mercury from

mercury phenol,
Summary of Reactions with p-HO@HgCL

Three reactions were attempted with p-HO@HgCl: one with POCla,
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one with SOClp, and one with S05Cls. From none of these reactions
was the desired ester of p-HOPHgCl obtained. From the reaction with
& stoichiometric quantity of POCia, & non-phosphorous crystalline
product was obtained; from the reactions with excesses of SOClz and

S02Clz, HgCla was probably the product.

The Reaction between SOCl, and PCMBS

The reaction between SOCl, and PCMBS was attempted for the
purpose of producing Cng¢80201 , & potential inhibitor carrying a
mercury atom (15). No evaluation of this attempt was possible,
because the product from it was obtained in a qua.gtity insufficient
for identification. The product was deposited as crystalline chunks
when a boiling mixture of 7 ml. of SOClz, 0.07 gm. of PCMBS, and
10 ml, of chloroform was allowed to cool and evaporate.

Discussion

Although the above attempt to prepare ClHgSO-Cl was not proven
successful, another attempt was. Traylor (6) prepared Cng¢SOZCl
from POCls and PCMBS, and showed that its sulfonyl fluoride, ClHg@SOoF,
inhibited chymotrypsin stoichiometrically. ' |

The use of the inhibited chymotrypsin in the preparation of a
heavy atom derivative has not been reported. Preparation of a
heavy atom derivative from chymotrypsin inhibited with ClHg@SO-F may

be attempted by the author in the near future.
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However, no further work on the reaction between SOClo and PCMBS
1s planned, because its desired product, ClHgfSO>Cl, can now be

obtained by Traylor's method.
The Reaction between SOClpy and C4I4NH

Reaction between SOCl, and C4I4NH was attempted to obtain
C4I4NS(0)Cl, a potential thionyl chloride inhibitor carrying iodine
atoms. I’he -attempt was unsuccessful. Howefrer » there was one indica-
tion that & reaction might have occurred. Bubbles of vapor were
generated by stirring a mixture éf 9 ml, of SOClz, 3.7 gm. of
C4I4NH, and 66 ml. of chlorofbrm. Because there was no other indica-
tion of a reaction, there was no attempt to isolate possible products
from the mixture.

In a second attempt to obtain C4I4NS(0)CL, SOClz and C4I4NH
were mixed in ether, instead of the original chloroform. This
attempt was also unsuccessful. Aside from formation of a residue
unfit for id.entification, the only other irndication of reaction was
the generation of bubbles, as before. Therefore, no isolation of
possible products was attempted.

No other attempts to obtain C4I4NS(0)CL are planned because

they seem unlikely to succeed.
The Reaction between CHIz and (Nad)aP(O)F

For 3 months, a benzene solution of CHIs stood in contact with



=30

solid (NaO)oP(O)F in an attempt to obtain (IZHCO)zP(O)F, a potential
inhibitor carrying iodine atoms, The attempt was unsuccessful.
’However, in ’the search Dr products, deep-yellow needles were
obtained when crystals from an vetha.nol extract of the solid present
aftezf three months were recrystallized from ethanol. But these
needles did not contain phosi)horous and, therefore, were not
(I2HCO)2P(0)F. Because (IZHCO)oP(O)F was not obtained, no further

-work on the reaction between CHIs and (NaO(oP(O)F was undertaken.

The Reaction of CHIs and (Ag0)zP(0)F

The reaction between CHIs and (Ag0)2P(0)F was attempted to
obtain (IgZHCO)2P(O)F, a potehtial iﬁhibitof carrying iodine atoms.
The attempt was ﬁnsuccessful. |

However, there were two indications of reaction between CHIz
and (AgO)oP(O)F. The first, formation of yellow solid, was observed
shortly after a mixture, of 7.7 gm. of (AgO)gP(d)F in 150 ml. of
benzene with a filtered solution of 53 gm of CHIs in 500 ml. of
benzene, was set to stirring and refluxing in a three-neck flask.
equipped with high-speed stirrer and condenser. The yellow solid
was essentially insoluble in water, (NH4)OH, and warm conc. NeOH,
and was therefore assumed to be AgI.'

The second indication of reaction, a 2 gm., increase in solid
phase, was observed after 3 hours of stirring and refluxing.

These two indications suggested the possibility of isolating
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product(s) from the solid phase present after 3 hours of stirring
and refluxing. Therefore, the solid phase was extracted with
acetone and with ethyl acetate. From these extracts only & brown
viscous liquid of insufficient quantity for distillation was obtained.
No products were isolated.

Neither were products isolated from the liquid phase present
after 3 hours of stirring and refluxing. Therefore, no further work

with the reaction between CHIz and (Ag0) 2P(0)F was undertaken.
Summary of the Reactions with CHIj

When CHI3 was reacted with (NaO)oP(O)F, needles which did not
contain phosphorous were obtﬁined. Wheh CHla was reacted with
(Ag0)oP(0)F, an increase in solid resulted, part of which probably
resulted from the formation of Agl. Bul from neither of these
reactions was (I2HCO)2P(O)F, the desired potential inhibitor carrying
heavy atoms, obtained. Therefore, neither reaction was investigated

in detail. No explanation of the above results was attempted.
The Reaction between AgNOz and (NaO)oP(O)F

A reaction between AgNOs and (NaQ)2P(O)F was conducted according
to the method of Saunders and Stacy (16) for preparing (Ag0)2P(O)F,
a potential phosphoryl fluoride inhibitor carrying silver atows.

Eight and one-half grams of (AgO)oP(0)F were precipitated by adding
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saturated aqueous AgNOs to a solution of 10.0 gm. of (Na0)zP(O)F in
260 ml. of water.

Thus, the potential inhibitor (Ag0)2P(O)F had been made available
for inhibition of chymotrypsin. But no inhibition was attempted
because (AgO)oP(O)F appeared to release its heavy atoms when allowed
to stand at the‘pH required for inhibition. Within the time required
for inhibition, an insoluble sample of (AgQ)zP(0)F placed in water at
pH 7.4 had dissolved and a second insolﬁble substance had formed.
Apparentiy, the second insoluble substance was Ag0 formed from the
silver ions released by FP(0)(OAg)z as it dissolved as FP(0)0z .

In summary, (Ag0)=P(O)F was not likely to be of use as a carrier of
heavy atoms after it inhibited chymotrypsin., Therefore, (Ag0)zP(0)F

was not studied further.

Conclusion

None of the reactions described in this section appears to
merit further consideration for the preparation of inhibitors carrying
heavy atoms. However, two related reactions may be of value. One,
related to the reaction between SOClz and PCMBS, is Traylor's reaction
of POCls and PCMES for the preparation of p-ClHgfSOoF, a proven
inhibitor of potenﬁial value in preparing heavy atom derivatives.

A second reaction, related to the reaction between p-HO@HgCLl and
POCLls, may be of value in the preparation of an inhibitor carrying
heavy atoms:

C1P(0)Cla + ZHOPT + 2Men(F)N DCIP(0)(0¢I)z + 2Meo(@)N-HCL
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This reaction differs from the one between p-HO¢HgCl and POCls

only in the use of p-HOPI in place of p-HOPHgCl. This change should
allow isolation of & product, C1P(0)(¢I)z, which is more soluble
than C1P(0)(0¢HgCl)2, the desired product from the reaction with
p-HOPHgC1l. However, after reaction of CLP(0){¢I)z with chymotrypsin
and- crystallization of the inhibited enzyme, location of iodine
atoms in the crystal will be required before the crystal can be

used as a heavy atom derivative. And locating iodine atoms is
extremely difficult. Nevertheless, Sigler et al. (17) have reported
locating iodine atoms bound to an inhibitor in crystals of inhibited
chymotrypsin.

One additional type of‘reaction, unrelated to any of the
attempted reactions, may deserve investigation: +the preparation of
inhibitors with groups capable of complexing with heavy atoms. These
inhibitors can be reacted with chymotrypsin, complexed with heavy
atoms, and the resulting complex crystallized to obtain heavy atom
derivatives. With this approach, the inhibitors should be soluble

enough to be isolated and the heavy atoms heavy enough to be located.



II. LYSOZYME
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Introduction

The following X-ray investigation of crystals of lysozyme
hydrochloride diffused with heavy atoms was undertaken to locate
heavy atoms for the preparation of electron density maps of the
lysozyme molecule. The crystals are tetragonal: a = 79.1,
¢ = 37.9 R, space group 43;2,2 or 432,3% with eight molecules per unit
cell (8). This investigation was also undertaken to permit comparison
of ité findings with two current investigations: one, of the same
éryétal, atlthe Royal Institution (8); and the other, of tetragonal |
crystals of lysozyme-TaGCllg++, at the California Institute (17).

From analysis of hkO and hOl structure amplitudes, most of which
were collected by other workers, tentative x, y and z coordinates
were obtained for the heavy atoms in crystals diffused with PtIe=
ions and tentative x and y coordinates were obtained for the heavy
atoms in crystels diffused with U0 W ions, WO4~ ions, PCMBS*,

HgCls, Hgls dons, end ThCls. The coordinstes for Hgl, ions are
symuetrically equivalent to published ones (8). Those for Ptlg
ions and PCMBSFare eépivalent to published éoordiﬁates for Pd014=
ions.and MHTS**, respectively (8). The coordinates for PtIe= ions
are also in close agreement wifh those obtgined at the California
Institute for the same ions diffused into crystals of lysozyme-

++
Ta.eCl 12 .

*p-chloramercuribenzenesulfonic acid
**o.mercurihydroxytoluene~p-sulfonic acid



36 -

One hkO and one hOl electron density projection were prepared.
The hkO projection in Figure 1 agreed with one obtained at the Royal
Institution but contained a number of differences, along the unit
cell diagonal, from the hkO projection of lysozyme-TaeCllZH obtained
at the California Institute. For the preparation of three-dimensional
electron density maps, two heavy atom derivatives are required.
Subject to confirmation with three-dimensionai data, the crystals
diffused with PbI; ions constitute one. The other may be obtained
by determining the z coordinate for the heavy atom in one additional
diffused crystal., Crystals diffused with U0 = ionms, W04~ ioms, or
PCMBS appear most promising.

The tentative x and y coordinates repor‘lﬁed above were.derived
from centrosymmetric hkO Fourier and Patterson projections; and the
z coordinates from centrosymmetric hOl projectionS. Agreement of
coordinates from Fourier and Patterson projections was required for
acceptance of tentative coordinates. Some of the tentative coordinates
‘were further tested for a.cceﬁta.’bility by scaeling heavy atom scattering
factors based upon them to observed scattering factors.

The following work on diffused lysozyme crystalé is grouped

according to the heavy atom diffused into the crystal.

Crystals Diffused with PtIe= Tons

Introduction

Structure amplitudes from crystals diffused with Pt.Ia== ions were



Fig. 1 7-‘ An hkO Fourier for crystal of lysozyme hydrochloride,

Phase angles from Phillips at Royal Imstitution.

dmin

Data collected by other workers.
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obtained by other workers and used by the author to prepare hkO and
hOl Patterson and Fourier projections from which tentative x, y, and
2z coordinates for the PbIe= ions were obtained. These coordinates
were refined and used to calculate the scattering contribution of
the PtIg~ ions. GCood agreement of these calculated contributions,
fpir &? and observed contributions, FptI,, was indicated by an R
factor of 34% for 108 hkO and hOl reflections. The R factor was

calculated as follows:

z I ,fPtIe;' - ‘Fptxal l

£ |*pez,l

On the basis of this good agreement for projection data, collection
of three-dimensional data is recommended. If the tentative coordinates
are confirmed with this data, the crystals diffused with PtIg~ ions
would constitute one of the two heavy atom derivatives required for

the preparation of three-dimensional electron density maps.
Determination of Coordinates for PtIg Ions

From five hk0O Patterson projéctions and two hkO Fourier projections,
tentative coordinates for PtIg~ ions of x = y = 0.35 were obtained.
The hkO projections will be discussed followipg the section on
refinement of coordinates. At that time coordinates obtained from

each of the projections will be compared with the refined coordinates.



39~

From the hOl Patterson presented in Figure 2, a z coordinate of
0.21 was obtained; the x and y coordinates irere equal to those
obtained from hkO projections. The type of amplitude for this hOl
Patterson, (k"Flys | + Ptle l - ! Flys‘ )%, was selected in preference to
(k|Fyyg + Pb16l2 - lFlys '2) a.nﬁl.lFly‘3 + PtIs‘a because the latter
yield Pattersons with interactions other than those between heavy
atoms. The calculation and acceptability of the value of k' used
in Figure 2 will be considered later.

A second Patterson was prepared with amplitudes of the type
used in Figure 2, but with k' e@ua.l to 0.7 times that used in Figure
2. In it, two of the peaks present in Figure 2 were missing. The
importance of the scale factor k' is evident.

Because the coordinates obtained from Figure 2 were confirmed
by subsequent refinement, no hOl Fourier projection was prepared to
confirm the coordinates.

Data for the two hOl Pattersons which were prepared were obtained
by other workers from crystals of lysozyme which had been diffused
with PtIs~ ions at a PtIg :lysozyme molar ratio of 0.25:1. This

molar ratio was selected for the reasons enumerated below.

Selection of Molar Ratio of PtIg™ :Lysozyme

Diffraction patterns from crystals diffused with PtI; ions at

PtIszzlysozyme molaxr ratios of 0.25:1, 0.75:1, and 1:1 were compared



Fig. 2 - An hOl Patterson for lysozyme crystal diffused with Ptle
ions for 28 da. at a molar ratio of 0.25:1, dmin = 5A..
‘ ey - R 2 _
Amplitudes: (k' {Flys + PtTo] -;_‘{Fly’s/) , k' =1.2.
- Crosses mark projection Qf interactions between heavy
atoms &bt x = y = 0.35, z =:0.21 and symmetrically-related
“locations.-

Data collected by other workers.
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to select the minimum ratio above which no apparent change in high-
angle reflections occurred. This selection was made to obtain maximum
occupancy of heavy atom sites and a minimum of additional heavy atoms
in the crystal.. |

The high-angle intensities for hk0O patterns from crystals
diffused é.t 0.75:1 and Ll:1 were apparently identical. Patterns at
both ratios differed at high angles from those at 0.25:1. Thus, the
desired ratio was Dbetween 0.25:1 and 0.75:1. This conclusion from
hkO patterns was supported by hOl patterns also.

Data from crystals diffused at 0.25:1, rather than at 0.75:1,
were used for preparation of hOl Pattersons and for refinement of
coordinates, because workers at the California Institute had shown
that unit cells qf crystals diffused at 0.25:1 contained a number of
PtIs~ ions closer to the eight required by full occupancy of
symmetrically-related sites than did the unit cell of crystals
- diffused at 0.75:1. The good agreement between calculated and observed
contributions of PtIg™ ions, discussed below, supports the accepta-

bility of the selection of the 0.25:1 ratio.
Refinement of Coordinates

‘Refinement of coordinates obtained from Fourier and Patterson
projections was undertaken with hkO and hOl data from lysozyme crystals

diffused with PtIg~ ions at a molar ratio of 0.25:1. The refinement
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was undertaken to evaluate these coordinates. They were shown to

be essentially correct because their refinement led to an R factor
of 34% for the agreement of observed and calculated contributions of
PtIs ions for 108 hkO and hOl reflections.

The observed contributions of PtIs= ions were obtained by scaling
tFlys + PtIe‘ and\Flysl, by the method of least squares, to the cal-
culated contributions for Pt15= ions centered at x = 0.355, ¥y =
0.345, aﬁd z = 0.200. These coordinates are essentially equal to
the x = 0.34, y = 0.35, and z = 0.2l which were obtained from Fourier
and Patterson projections. The calculated contributions were obtained
by Dr. Stanford. He adjusted them for the scattering matter replaced
by the PtIa= ions by multiplying the Pt and I scattering factors by
0.6717. The observed contributions yielded an R factor of 38% with
the calculated contributlons.

The refinement of coordinates for PtIe= ions was conducted with
the observed contributions obtained by the above scaling and with
calculated contributions prepared by a Structure Factor - Least
Squares program written by Dr. Stanford and modified by the author.
After one cycle of coordinate refinement, using observed aﬁd
calculated contributions for 108 hkO and hOl reflections, the R
factor for’67 hkO reflections was 35% and for 41 hOl reflections was
31% - an improvement over the initial R factors of 38%. The R factor
for all 108 hkO and hOl reflections was 34%. The refined coordinates

were: X = 0.346, y = 0.348, z = 0.212, in very close agreement with
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the coordinates obtained from hkO and hOl projections.

A second set of refined coordinates was obtained by refinement
of 41 hOl reflections, but no hkO reflections. These coordinates
yielded hkO and hOl calculated contributions for Ptls~ ions which
were compared with hkO and hOl observed contributions. The R factor
from the comparison was greater than that obtained with the first
set of refined coordinates. Thus, the first set of refined coordinates
was accepted.

The calculated contributions for Pt16= ions at the first set of
refined coordinates, x = 0.346, y = 0.348, and z = 0.212, and the
observed contributions of F%Is= ions are presented for hkO reflections
in Table 4 and for hOl reflections in Table 5.

TABLE L

o (o]
SCALED hkO PtIg~ DATA, dmin = 5A

Index  TFiysipeIs  Fiys  FPtle fptIs  |FPeIs TPiIs
Loo -2%05 -1%52  -953 -1291 338
8 -TL7 -1069  +352 +20k 148

10 -1757 -1148  -609 ~-896 287

12 =167 -759  +592 +342 : 250
310 -1557 =819 -738 -995 257
L -0k +292  -996 874 122
5 -T799 -9k +175 +Th 101
6 -1312 -9%36 =376 576 200
7 -379 +281 4660 +662 2
8 +184 -730 4914 +922 8

12 1067 -911 -156 -488 3%2

14 +79L +308  +486 +410 176

15 -664 -385  -279 -59 220
220 -578 -999  +h421 +214 207
3 -220 759  +539 +42h 115

5 -1968 =713  -1255 -1400 k5
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=270
+802
+995
+635
-862
-869
+366
+1006
-4=2
+815
+629
-498
+172
+886
+161
(-)480
-498
+486
-1334
+164
+159
+1085
-266
+213%
(-)66h
+612
-984
-1438
=235
+377
-698
+22L
+626
+198
+897
+550
-164
+838
+773
-149
-368
+393
+889

bl

lys
+306
+421
+1354
+504
-25L
-810
+451
+1148
-889
-783
+1123
+768
-270
+211
+39k
(-)ho7
-1745
-428
-481
+662
+188
+459
-608
+355
(-)668
+197
-1146
-566
-676
+283
-887
+418
+1042
+Loly
+611
+305
~-979
+611
+988
-564
-4k9
+379
+209

PtIg

-576
+381
-359
+1.31
-611
-59
-85
-1h2
+457
+1598
-Lol
-1266
+ili2
+675
-233
+17
+1247
+91L
-853
-498
-29
+626
+342
-142
+h
+415
+162
-872
+4h1
+61k
+189
-194
-406
-296
+286
+245
+815
+227
-215
+415
+81
+1h
+620

fPtI6 FPtIB fPtIe
-4o3 173
+490 109
-68 291
+298 167
-660 Lo
-113% 5k
-50 55
-108 3k
+369 88
+1558 60
-258 236
~1052 214
+277 164
+659 16
-38 195
+9l 7
+858 389
+868 L5
-831 22
-307 191
-140 111
+622 L
+32 310
-224 82
+8 4
+589 174
+83 79
-957 85
+130 311
+512 102
+42 147
-32L 130
-6 koo
-212 8l

+290 L

+223 22
+759 56
+345 118
-46 169
+393 22
+116 35
+22 8
+480 40
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Index Fyysiptls  Tlys  TPtIs  TPtTe | PtIs PtIs
10 +681 +943 -262 -106 156
11 +11h +690 -5h6 -476 70
1090 -791 -617 ~17h -66 108
13 -713 -432 -281 -247 34
10 10 0 +1182 +586 +596 +h7h 122
11 -342 477 +135 +64 vl
12 +512 +1275 -763 =179 584
11 11 0 +1026 +738 +288 +67 221
TABLE 5
SCALED 1Ol PtI¢~ DATA, dmin = 54
Index FlyS'*'PtIs Flys FPtIe fPtIe FPtIe—fPtIS
800 =395 -616 +221 +204 17
10 -1159 -616 -543% -896 353
301 156 138 18 57 39
L b7 92 239 154 85
5 395 478 83 245 162
7 257 156 101 115 14
8 653 763 110 178 68
9 Lok 423 19 95 76
10 653 515 138 -6 132
11 82 230 148 130 18
13 17h 322 148 18 130
102 312 542 854 840" 1k
2 o 1hT 248 101 7 ok
L 653 662 9 8 1
5 460 174 216 101 . 185
7 607 257 864 916 48
8 496 579 105 19 8L
9 818 3l 478 576 98
10 561 469 92 3 89
12 Lo 294 110 15 95
103 82 Lok 486 519 33
2 386 128 51k 582 68
3 147 266 119 166 L7
L 653 432 221 376 155
6 230 469 239 234 5
9 266 506 240 279 39
o0k 257 285 542 647 105
1 257 220 37 3 3k
p. 349 423 Th 20 Sk
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I.ndex FlyS+PtIs Flys FPtIs fPtIs ‘FPtIG—fPtIsJ

6 165 52k 359 LL3 8L
8 506 386 120 ¥ Ly
1.0 524 29k 230 339 109
105 322 128 450 466 16
2 358 82 440 525 85
3 202 204 92 137 Ls
5 184 515 331 487 156
6 211 220 4z 23l 197
106 276 230 L6 52 6
2 184 156 28 6 22
3 349 303 Lo 83 37
L 239 294 55 7 L8

For these tables dmin = 53. In both Tables, the scaled values of
Flys + PtIsland !Flysl are presented, Their signs were selected to
obtain the best agreement between the observed contribution FPtIG’

which equals (Flys + PtIg - Flys), and the calculated contribution

fpyy,- The Tables also include Fpy , fp 7 end 1FPtIs - fper |-
The R factors mentioned above were calculated from R =5 IFPtIG - Tper,
S o

The calculated contributions of PtIg~ ioms, fPtIG’ presented in
both Tables were calculated for PtIs= ions in random orientation (18).
Random orientation was selected because the orientation of the PtI;
ions was not known. As before, the calculated contributions were
adjusted for the scattering matter displaced by the ions, by multiplying
the Pt and I scattering factors by 0.6717.

In Table b4, reflections with both | {and iFlysl greater

F.'Lys + Ptlg
than 150 are presented. Reflections with scaled amplitudes below 150
were not included because they were subject to a relatively large

percent of error and thus were not used in the refinement. In Table 5,
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the minumum included value of Flys + PtIsl and lFlysjls 80.
In Table 4, the signs represent phase angles: plus for O°

and minus for 180°. The phase angles for F were compared with

lys
those obtained from Phillips at the Royal Institution. OFf the 47

compared, 39 were the same, indicating a good agreement.

Discussion of hkO Patterson and Fourier Projections

After a consideration of the refinement of Ptlg data, we are
prepared to discuss the coordinates obtained from hkO Patterson and
Fourier projections in terms of the refined coordinates.

The refined x and y coordinates, 0.346 and 0.348, respectively,
were closely matched by the x = y = 0.344, the x = y = 0.346 and the
X = ¥y = 0.350 which were derived from a Fourier with amplitudes of
)Flys + PtIB" a Patterson with amplitudes of (k'lFlys N Ptler'IFlys})a

and a Patterson with amplitudes of |F ; respectively. The

‘ 2
lys + Ptlg
)Flys + PtIsj values for these projections came from crystals diffused
at a molar ratio of 0.25:1. The first two projections are presented
in Figures 3 and 4.

The quality of the 0.25:1 data is supported by the close agree-
ment of coordinates obtained from three different treatments of the
data: Patterson, Fourier and Least Squares Refinement. Another

indication of the quality of the 0.25:1 data is that the peaks at

u=1/2, v = 0.15, and u = v = 0.35 in the two Pattersons using this
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Fig. 3 - An hl_tO Fourier foi" lysozyme crystal diffused 28 da. with
PtIg™ ions at a Ptlg : lysozyme molar ratio of 0.25:1,
dmin = 68,
Phase angles from Phillips at Royal Institution.
The cross marks heavy atom at x.= y = 0.3k,

Date collected by other workers.
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Fig. k An hkO -Patterson for lysozyme crystal diffused 28 da. with

‘PtIe iogs at & PtIe‘, lysozyme molar ratio of 0.25:1,
dmin = 5A.

Amplitudes: (k! /lF:Lys}'PtIel - }Flys])a, k' = 0.55.

-Crosses: mark projection of interactions between heavy atoms
‘at x =y = 0,346 and symmetrically-related locations.

Data collected by other workers.
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data have the 2:1 relative height required by crystal symmetry.

In the Fourier mentioned above, the peak associated with PtIg™
is 3 times as high as that of surrounding peaks, whereas the peaks
associated with Pt13= in the two Pattersons are 1.5 times as high as
surrounding peaks. Thus, the Fourier is more powerful for location .
of PtIsz ions. However, the correctness of the Fourier depends
strongly upon the essential correctness of the phase angles used in
its preparation. The essential correctness of the phase angles from
Phillips at the Royal Institution, which were used to prepare the
Fouriers for diffused and undiffused crystals (Figures 1 and 3), is
supported qualitatively by the Figures and quantitatively by the phase
angles presented in Table 1. The lysozyme portions of the Fourier
projections in Figures 1 and 3 are nearly identical for diffused and
undiffuséd crystals. The phase angles from Phillips are in about
- 80% agreeménf with those for diffused and undiffused crystals. This
strong evidence of correctness of Phillip's @hase angles allows
confidence in their use with subsequent diffused crystals.

The scale, k', used in the preparation of the (k'(Flys + PtIsl -
lFlysl)a Patterson from 0.25:1 data was derived from: k' = (é'tFlys‘ 2/
S| Piye s PtIslz)l/ 2, This and other values of k' obtained from the

same data are presented below:

k' Source
0.55 (2 }Flys‘a/élFlys + PtIGi 2)1/2
0.60 (s ] Pyl /2] Fls Msf )

.79 Scaling by method of least squares.
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Apparently, the second formula provides & better estimate of the
least squares values than does the first. Summation was carried
out with hkO data, dmin = 5?‘..

Data from crystals diffused at molar ratios of 3.4:1 and 6.8:1
appeared to be of poorer quality than those from crystals diffused
at 0.25:1, because Pattersons from crystals diffused at the higher
ratios yielded coordinates for PtIg~ ions which differed more from
the refined ones than did those from crystals diffused at 0.25:1.

In a Patterson from 6.8:1 data, the PtIg -PtIg~ interactions were

less prominent than those in a Patterson from 3.4:1 data.
Discussion of hOl Scaling

The scale, k', used to prepare the hOl Patterson which yielded

the z coordinate of 0.21 was obtained as follows:

2 2
1/22lFlysj +8|Fy o | 1/2

h00,001 hol #

n00,001

2
1/2é]Flys + Ptlg / e +2}Flys . PtIB[

h00,001 hol £

h00,001

This formula was selected to equate the height of origin peaks in
Pattersons from diffused and undiffused crystals. Other values of

scale, prepared from the same data, are presented below:

Scale Source ”
1.1 (élFlys )2/£1Flys N PtISI ) 1/e

1.2 k', as above
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Scale Source
. F
1.3 (él lys]/éJFlys+PtIsl>
1.k Scaling by method of least squares
as with hkO data, the (2~tFlysl/2 }Flys . Ptlsf) provides the best
estimate of the values obtained by the method of least squares.

o
Summation was carried out with hOl data, dmin = S5A,

Discussion of Crystals Diffused with PtIs= Ions

The isomorphism of undiffused lysozyme crystals with lysozyme
crystals diffused with Pt16= ions is supported by a 34% R factor for
the agreement of calculated and observed contributions of the Pt13=
ions. The prospect for three-dimensional conformation of the tenta-
tive coordinates for Ptlg ions obtained from hkO and hOl data is
excellent. Thus, collection of three-dimensional date is recommended.

The refined tentative coordinates for PtIe= ions in crystals of
lysozyme (0.3L46, 0.348, 0.212) are nearly equal to those obtained at
the California Institute for the same ions in crystals of lysozyme-
TagCliz' ' (0.345, 0.355, 0.200). The refined coordinates are symmetri-
cally equivalent to published coordinates for Pd.Cl4= ions in crystals

of lysozyme (0.35, 0.34, 0.21) (8).

++
Crystals Diffused with U0z  JTonms

Introduction
Structure amplitudes from crystals diffused with U02++ ions

were obtained by other workers and used by the author © prepare hkO
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Fourier and Patterson projections from which tentative x and y

coordinates for U02++ jons were obtained. Additional structure
amplitudes were obtained by the author and used to prepare hOl

Fourier and Patterson projections from which no satisfactory z

coordinate was obtained. Determination of a z coordinate from

three-dimensional data is recommended.
hkO Fourier and Patterson Projections

Both the hkO Fourier Projection in Figure 5 and the hkO Patter-
son projection in Figure 6 support the coordinates x = O.4l and y =
0.38 for the U02++ ions. The Fourier was prepared with amplitudes
of \Flys + anl and phase angles from Phillips at the Royal
Institution. The Patterson was prepared with amplitudes of
(! lFlys + UOaJ '}Flys>)2‘

A second Patterson was prepared with the value of k' used for
the first but with amplitudes of (k' lFlys . W0a ')2 . ]Flys 2.

Because the second 'Pé.tterson did not support the above coordinates,
it was assumed a less reliable type of Patterson for location of U02++
ions.

Compa.rison of the Fourier from crystals diffused with U02++ ions
(Figure 5) with the Fourier from undiffused crystals (Figure 1)
suggested an additional heavy atom location at x = 0.30 and y =
0.17. This location was rejected because it was not consistent with

the Patterson in Figure 6.



Fig. 5 - An hkO Fourier for lysozxme crystel diffused 2-1/2 md.
with U0z iops at a U0, +:lysozyme molar ratio of
2:1, dmin = 6A.
Phase angles from Phillips at Royal Imstitution.

Crosses mark heavy atom at x = 041, y = 0.38 and
symuetrically-related location. '

Data collected by other workers.



Fig. 6 - An hkO Patterson for lysozyme crystal diffused 2-1/2 mo.
with UOz'" ions at a UO2"":lysozyme molar ratio of 2:1,
dmin = BA,

. : ’ 2

. 1 P
amplitudes:  (k | Py + voa] - fFlysl) , k' = 1.k,
Crosses mark projection of interactions between heavy
atoms at x = 0.41, y = 0.38 and symmetrically-related
locations. .

Data collected by other workers.
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++
U0z :Lysozyme Molar Ratio Studies

After determination of tentative x and y coordinates from hkO
data, hOl data were collected for determination of & tentative z
coordinate. The hOl data were from lysozyme crystals diffused with
U02++ ions at a molar ratio of 1.5:1, because the following study
indicated that location of the U02++ ions would be favored at that
ratio.

Both hkO and hOl diffraction patterns were obtained from crystals
diffused at molar ratios of 1:1, 1.5:1, 2:1 and 3:1. The 2:1 hkO
pattern was obtained by other workers, The 1l:1 hkO and hOl patternms
appeared identical to those from undiffused crystals.\ Patterns from
crystals diffused at higher ratios appeared identical to each other
but different from the 1l:1 patterns. Thus, the 1.5:1 ratio was'
selected for collection of hOl data because it was the minimum ratio
producing patterns different from the undiffused patterns.

The lack of difference at low angles between patterns from 1.5:1
and from higher ratios is striking, but inexplicable at present.
Similarly, the apparent low-angle and high-angle identity of patterns
from undiffused crystals and crystals diffused at 1l:1, is striking

but inexplicable.

hOl Projections

Two WOl Fouriers and one hOl Patterson were prepared from data

collected from crystals diffused at a molar ratio of 1.5:1. Two
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Difference Fouriers were prepared: one, using phase angles for
lysozyme derived from PtIs™ data, and the other using phase angles
from scattering factors for uranium atoms with coordinates from the
first. The two Fouriers were qualitatively similar. In the second,
heavy atom peaks appeared in the positions derived from the first,
apparently unshifted. But the correctness of the coordinates from
the first projection is questionable because the phase angles derived
from them, and used in the second projection, differed from those
used in the first, for 23 out of 57 reflections compared. The
phase angles used in the first projection were those for lysozyme
derived from‘PtIa= data and should show mich greater agreement with
the phase angles from a genuine heavy atom derivative than is the
case above.

Further, the third hOl projection, a Difference Patterson, did
not support the coordinates obtained from the Difference Fouriers.
In summary, no satisfactory z coordinate wa# obtained.

Difference projections were prepared because they were expected
to offer the best opportunity for location of heavy atoms. The value
of k' used for the three difference projections was an average of
slx independently-derived values. Because the range of these six
values was relatively small, no additional values of k' were used

in the preparation of hOl projections.

Scaling of hOl Data

To further eveluate the coordinates derived from the first hOl
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Difference Fourier, scaling of hOl data to scattering factors for
~uranium atoms at those coordinates was attempted. The method of
least squares failed to scale the data, giving additional evidence

of an unsatisfactory z coordinate.

Discussion

Satisfactory x and y coordinates were obtained from hkO
Patterson and Fourier projections, but a satisfactory z coordinate
was not obtained‘from hOl Patterson and Fourier projections. The
inability to obtain a satisfactory z coordinate may result from the
relatively smaller contribution of heavy atoms to the scattering
matter projected through 8ok for the hOl projection than to the-
scattering matter projected through kOX for the hkO projection. It
may also result from a random distribution of heavy atoms in the
direction of the c¢ axis. If the former is the case, then determination
of a satisfactory z coordinate may be possible with three-dimensional
data. If the latter is the case, then no z coordinate can be obtained.
Collection of three-dimensional date is recommended for settling the

question.

Crystals Diffused with WO, Ions

Introduction

Structure amplitudes were obtained by the author and other

workers from crystals diffused with W04~ ions and used by the author
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to prepare hkO and hOl Patterson and Fourier projections. From the
hkO projections, tentative x and y coordinates were obtained, but no
satisfactory z coordinate was obtained from the hOl projections.
Determination of alsatisfactory z coordinate from three-dimensional

data is recommended.

hkO Fourier and Patterson Projections

Four hkO projections were prepared for crystals diffused with
WO.«;== ions. Tor two of them, a Fourier and a Diffefencé Patterson,
data were obtained by other workers from crystals diffused at a molar
ratio of 4:1. The Fourier supported x = 0.264 and y = 0.25, but the
Difference Patterson did not. However, at a molar ratio of 2:1,
both the Fourier, presented in Figure 7, and the Difference Patterson,
presented in Figure 8, supported x = 0.27 and y = 0.25. Consequently,
teﬁtative coordinates of x = 0.27 and y = 0.25 were adopted. The 2:1

data were collected by the author.

Discussion of hkO Projections

The consistency of coordinates from Fouriers and Difference
Pattersons is strongly influenced by molar ratio. Coordinates from
the Fourier at the higher ratio are consistent with those from both
the Fourier and Difference Patterson at the lower ratio, but those
from the Difference Patterson at the higher ratio are not. The

Fourier is less influenced by molar ratio then the Patterson. No
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Fig. 7 - An hkO Fourier for lysozyme crystal diffused 55 da. with

W04~ ions at a WO4 :lysozyme molar ratio of 2:1, dmin = 63
Phase angles from Phillips at Royal Institution.

Crosses mark heavy atom at x = 0.27, y = 0.25 and symme-
trically-related location.



Fig. 8 - An hkO Patterson Tor lysozyme crystal diffused 55 da. with
W04~ ions at a W04 :lysozyme molar ratio of 2:1, dmin = 58.

' . ' ~ - :
Auplitudes: (k }Flys+WO4] |F1ys
Crosses mark projection of interactions between heavy atoms
‘at x = 0.265, ¥ = 0.25 and symmetrically-related locations.

2 /
F) DS, x = 1.06.

] Flyél collected by other workers.
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doubt, this difference arises from the Fouriers' dependence upon the
same, essentially correct, phase angles and upon the Pattersons'
dependence upon a scale factor derived from date which are affected
by the number of WO4='ions randomly distributed in the crystal. At
the higher ratio, the number of WO4= ions in the crystal would be
greater than at lower ratio, and, thus, the scale factor would be
expected to deviate more from the correct value.

The Fourier in Figure 7 contains the 220 reflection. The
apparently spurious peeks at (0,0) and (1/2, 1/2) were smaller than

those in a second Fourier prepared without this reflection.

hOl Date

Data of the hOl projection were obtained by the author from
crystals diffused withWO.;= ions at a WO4=:lysozyme molar ratio of
%:1. This ratio was selected after comparison of hkO and hOl
diffraction patterns from crystals diffused at a number of molar
ratios. The 3:1 ratio was the lowest above which there was little
further change in the high-angle diffraction pattern from that of
undiffused crystals. Consequently, the 3:1 ratio was expected to
yield the highest possible occupancy of heavy atom sites with the

lowest possible number of additional heavy atoms in the crystal.

h0l Fourier and Patterson Projections

The contribution of W04= ions to six hOl Fourier and Patterson
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projections was at or below the noise level of the projections. Two
Fouriers, one for the diffused and the other for the undiffused
crystal, were qnalitétively similar, except for a small peak in the
first at x = 1/4 and z = 5/8. This peak probably represented a small
fluctuation in electron density amplified by the center of symmetry
at that point.

To investigate quantitatively the possible contribution of wo4“
ions to Fouriers, two Difference Fouriers were prepared. The scale
for the second was set at 1.4 times that for the first in an effort
to improve the chance of locating WO.~ ions. The same phase angles
were used for the preparation of both Fouriers. The first Difference
Fourier did not permit unique determination of a z coordinate,
although the second did. However, in both Fouriers a number of large
peaks were unexplained by the assigned values of z.

To test the doubtful coordinates obtained from the Difference
Fouriers, the amplitudes from the two Difference Fouriers were squared
and used to prepare two Difference Pattersons. From the Pattersons
no coordinates consistent with these obtained from the Difference
Fouriers were obtained. Thus, the coordinates obtained from the
Fouriers were not confirmed. The contribution of WO,~ ions must be

at or below the noise level of the hOl projections investigated.

hOl Scaling

The coordinates obtained from the second Difference Fourier
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were tested further by preparing scattering factors for WO4= ions

at these coordinates and scaling the scattering factors by the method
of 'least squares to structﬁre amplitudes from the diffused and
undiffused crystals. Although an R factor of 48% was obtained for
the scaled data, only 36% of the phase angles for undiffused crystals
derived from the scaled data agreed with the phase angles for
undiffused crystals derived from PtIgs~ data. Therefore s the

coordinates from the second Difference Fourier were rejected.

Discussion

No satisfactory z coordinate for WO4,= ions was obtained from
hOl data. This may result from their reiatively small contribution
to the hOl projection or from their random distribution in the
direction pf the ¢ axis. Study of three-dimensional data is recommended

to settle the question.

Crystals Diffused with PCMBS¥

Introduction

Structure amplitudes from crystals diffused with PCMBS were
obtained by other workers and used by the author to prepare hkO

Fourier and Patterson projections from which tentative x and y

*p-chloromercuribenzenesulfonid acid
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coordinates for the heavy atoms in the crystal were obtained. These
coordinates were symmetrically related to published coordinates for
MHTS** (8).

Determination of a z coordinate from three-dimensional data is

recommended.

hkO Fourier and Patterson Projections

Four hkO projections were prepared from data from the same
diffused crystal. The Fourier in Figure 9 and the Difference Patterson
in Figure 10 are consistent with heavy atoms at x = 0.305 and y =
0.08, whereas two other Difference Pattersons prepared are not. The
scale for the first Patterson was about 1.2 times that for the second
and third. The larger scale was selected when the smaller failed to
yield Pattersons which supported the coordinates derived from the
Fourier.

Tentative coordinates of x = 0.305 and y = 0.08 were adopted

for the heavy atoms in crystals diffused with PCMBS.

Discussion

The tentative coordinates of x = 0.305 and y = 0.08 for the
heavy atoms in crystals diffused with PCMES are nearly equal to the

coordinates of x = 0,28 and y = 0.10, which are symmetrically related

**o-mercurihydroxytoluene-p-sulfonic acid



Fig. 9 - An hkO Fourier for lysozyme crystal diffused 3 mo. with
~ PCMBS ,at_a PCMBS:lysozyme molar ratio of 2-1/2:1,
dmin = 68.

Phase angles from Phillips at Royal Institution.

Crosses mark heavy atoms at x = 0.306, y = 0.08 and
symuetrically-related position.
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Fig. 10 - An hkO Patterson for lysozyme crystal diffused 3 mo. with

PCMBS at_a PCMBS:lysozyme molar ratio of 2-1/2: 1,
dmin = 58.

Amélituae's:’ (' ¥+ pauss| - }Flysj)a, k' = 1.2.

Crosses mark projection of interactions between heavy atoms
at x = 0.305, y = 0.08 and symmetrically-related locations.

Data collected by other worker.
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to published coordinates for heavy atoms in crystals diffused with
MHTS (8).
Determination of a z coordinate from three-dimensional data is

recommended. The indication from crystals diffused with WO, ions
or UO;_»++ ions is that no satisfactory z coordinate can be determined:
from hOl data for heavy atoms which yield hkO Fourier peaks of the
height found for PCMBES. |

Preliminary comparison of diffraction pa.ttérns from crystals
diffused with PCMBS at a number of molar ratios suggests that three-
dimensional data should be collected from crystals diffused at a

molar ratio of approximately 4.5:1.

Crystals Diffused with HgClo

Introduction

Structure amplitudes from crystals diffused with HgClo were
obtained by other workers and used by the author to prepare hkO and
hOl Patterson and Fourier projections from which tentative x, y and
z coordinates were obtained for the heavy atoms in the crystal.
Scé.ling of hOl structure amplitudes to calculated heavy atom
scattering factors was achieved. However, no further study of these
crystals is recommended because structure amplitudes from these
crystals appear to contain considerable random error and their heavy
atoms may have the seme coordinates as PtIg ions. With the same
coordinates, they would not constitute as independent heavy atom

derivative.
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All structure amplitudes from crystals diffused with HgClo
were obtained from crystals diffused at a 20:1 molar ratio of HgCls:
lysozyme because that ratio was required to produce diffractidn

patterns different at high asngles from those of undiffused crystals.

nkO Fourier and Patterson Projections

From an hkO Fourier and an hkO Difference Patterson, tentative
coordinates of x = y = 0.35 were obtained. In the Fourier, the heavy
atom peak with these coordinates was oval-shaped. The structure of
the heavy atom was not known. In the Difference Patterson, a number
of large peaks were not accounted for by the tentative coordinates.
Because these peaks were not consistent with any coordinates supported
by the Fourier, they were assumed indicative of random errors in the
data. Additional indication of random error in the data came from
thé departure of the ratio of the height of the Patterson peak at

w = 1/2, v = 0.15 to the peak at u = v = 0.35 from the ratio required.

by crystal symmetry.

Determination of a 2z Coordinate for Heavy Atoms

From an hOl Difference Patterson, a tentative z coordinate of
0.19 was obtained. There was some doubt about the correctness of
this coordinate because several of the heavy atom-heavy atom inter-
actions required by it were of low height. Evaluation of this

coordinate is considered below.
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No hOl Fourier was prepared to evaluate the z coordinate because
no further work on crystals diffused with HgCly was undertaken, for

reasons stated in the Discussion.

Evaluation of the z Coordinate for Heavy Atoms

To evaluate the z coordinate for heavy atoms in crystals diffused
with HgClsz, hOl structure amplitudes were scaled by the method of
least squares to the scattering factors for PtIS= ions with coordinates
of x = 0.345, ¥y = 0.355 and z = 0.200. Scattering factors for PtIg
ions were used because the structure of heavy atoms in crystals
diffused with HgClo was unknown. The above coordinates are essentially
those obtained from hk0 and hOl Fourier and Patterson projections for
the heavy atoms in crystals diffused with HgCls.

The scaling of data from 60 hOl relections led to an R factor of
43% for the agreement between calculated heavy atom scattering factors,
fcalc’ and observed heavy atqm scattering factors, fobé’

R = é“fobsl - sfca.lc”
é‘l fcalc‘

Although this agreement was encouraging, the sgreement between the

resulting phase angles for lysozyme and those for lysozyme derived

from PtIg~ data was not. Of 37 phase angles compared, only 2k agreed.
The disagreements in phase angles may have resulted from an incorrect
z coordinate for the heavy atoms in crystals diffused with HgClp, orA

from random error in the data.
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Discussion

No further study of crystals diffused with HgClz is recommended.
Structure amplitudes from these crystals appear to contain consider-
able random error and their heavy atoms may occupy the same locations
as PtIe,= ions. With the same heavy atom coordinates, the crystals
diffused with HgClz would not constitute an independent heavy atom

derivative.

Crystals Diffused with HgI4= Jons

Structure amplitudes from crystals diffused with HgI.;,= ions
were obtained by other workers and used by the author to prepare an
hkO Fourier which revealed two heavy atom sites per asymmetric unit.
The coordinates of these sites, x = y = 0.32 and x' = y' = 0.38, are
in close agreement with x = y = 0.32 and x' = y' = 0.37, vwhich are
symnetrically related to published coordinates for HgL;= ions in
crystals of lysozyme (8).

Further work on lysozyme crystals with two heavy atom sites per
asympetric unit should be postponed until all crystals with one site
per asymmetric unit have been investigated fully, because phase angles
from crystals with two sites will be adversely affected by uncertainties
in the relative occupancy of sites, whereas crystals with one site will

IS

not.
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Crystals Diffused with ThCl,

Structure amplitudes from crystals diffused with ThClg were
obtained by other workers and used by the author to prepare an hkO
Fourier and two hkO Pattersons. These three hkb projections were
consistent with two heavy atom sites per asymmetric unit. As
mentioned in the previous section, no further work on crystals with
two sites per asymmetric unit is recommended until all crystals with

one site per asymmetric unit have been investigated fully.

Comparison of hkO Difference Pattersons

Two types of hk0 Difference Pattersons were used in the preceding

. . . . _ 2
studies: one with amplitudes of (k lFlys + heavy atom l IFlys} )

and the other with amplitudes of (k ! Flys + heavy atom ]2 - iFlyslz)
Pattersons with the first amplitudes were prepared for crystals
diffused with 6 of the 7 heavy atoms studied. From each of the 6
we?e derived x and y coordinates consistent with coordinates obtained
from hkO Fouriers whose amplitudes included no scale as & source of
error and whose phase angles had been found essentially correct during
the study of Pt16= crystals, Thus Difference Pattersons with the first
amplitudes were extremely reliable for location of heavy atoms in the
hkO projection.

Four Difference Pattersons with the second type of amplitude were
prepared in the preceding studies. For 3 of these, the scale, k, was

the square of the k' which had been used in a Difference Patterson of
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the first type to yield coordinates consistent with a Fourier. In
only two of these three cases did the second type of Patterson yield
coordinates consistent with the Patterson of the first type and with
the Fourier. Therefore, Difference Pattersons of the second type
were not as reliable for location of heavy atoms as were Difference

Pattersons of the first type.

Discussion of Diffused Lysozyme Crystals

Determination of a z coordinate for heavy atoms was attempted with
1Ol data from crystals diffused with PtIs~ ions, UOz = ions, WOs ions
and HgClz. Only for crystals diffused with PtIe= ions was a z
coordinate determined with reasonable certainty. The ability to
determine z coordinates for the above heavy atoms is apparently
related to their relative contribution to hkO Fourier projections. In
Figure 1, the hkO Fourier for lysozyme crystals diffused with PtIa=
ions, the contribution of Pt15= ions is greater than thét of surrounding
lysozyme, whereas the contribution of the héavy atoms in crystals
diffused with U0a  dons, WO,~ ioms or HgClas is about equal to that
of surrounding lysozyme (see Figures 5 and 7). An inability to
determine a z coordinate was associated with a heavy atom contribution
about equal to that of surrounding lysozyme.

The contribution of heavy atoms to Figure 9, the hkO Fourier for

crystals diffused with PCMBS, is about equal to that of surrounding

lysozyme. Therefore, an inability to determine a z coordinate for
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heavy atoms for hOl data for these crystals is predicted. Collection
of three-dimensionsl data is recommended. Collection of three-
dimensional data is also recommended for crystals diffused with
U02++ ions or WO‘;,= ions. It is not recommended for crystals diffused
with HgClo, because data from these crystals will probably contain
considerable error.

Of the crystals diffused with U02++ ions, WO4= ions or PCMES,
those diffused with W0’4.= ions appear most promising for determination
of a z coordinate from three-dimensional data, because hkO and hOl
diffraction patterns from these crystals show the greatest difference
at high angles from the corresponding diffraction patterns of
undiffused crystals. Further, the crystals diffused with PCMBS
appear more promising than those diffused with U02++ ions because
diffraction patterns from the former differ more at high angles from
the patterns for undiffused crystals.

Only after three-dimensional date from crystals diffused with
w04= ions, PCMBS, or U02++ ions have been investigated fully is
collection of three-dimensional date from crystals diffused with
HgI4= ions or ThCls recommended. Crystals diffused with HgI4= ions
or.ThCl4 have two heavy atoms sites per asymmetric unit and probably
will yield phase angles less certain than those from crystals diffused
with W04= ions, PCMBES or U02++ ions which have one site per asymmetric
unit. Thus, immediate study of crystals diffused with HgI4= ions or

ThCls is not recommended.
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When the tentative X, y and z coordinates for Pt16= ions have
been confirmed with three-dimensional data, and at least one additional
heavy atom derivative has been obtained, then three-dimensional

electron density maps for lysozyme crystals may be prepared.



ITI. CONCLUSION



No heavy atom derivatives were obtained for chymotrypsin, but,
subject to confirmation with three-dimensional data, one was obtained
for lysozyme. And, except for the possible preparation of(inhibitors
of chymotrypsin carrying heavy atoms, no immediate source of heavy
atom deriva;tives for chymotrypsin is available. However, several
diffused crystals of lysozyme may be useful as heavy atom derivatives
of lysozyme if z coordinates for their heavy atoms can be determined
from three-dimensional data. Consequently, obtaining the minimum of
two independent heavy atom derivatives required for preparation of
three-dimensional electron density maps 1s much more likely, in the

near future, for lysozyme than chymotrypsin.



1k,

15.
16.
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