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AIDS Retrovirus Induced Cytopathology: Giant Cell 
Formation and Involvement of CD4 Antigen 

The formation of multinucleated giant cells with progression to cell death is a 
characteristic manifestation of the cytopathology induced by the AIDS retrovirus in 
infected T lymphoid cells. The mechanism of giant cell formation was studied in the 
CD4 (T4/Leu 3) positive T cell lines JM (Jurkat) and VB and in variants of these lines 
that are negative-for cell surface CD4 antigen. By means of a two-color fluorescent 
labeling technique, multinucleated giant cells in infected cultures were shown to form 
through cell fusion. Antibody to CD4 specifically inhibited fusion, and uninfected 
CD4 negative cells, in contrast to uninfected CD4 positive cells, did not undergo 
fusion with infected cells, suggesting a direct role for the CD4 antigen in the process of 
syncytium formation. These results suggest that, in vivo, cell fusion involving the CD4 
molecule may represent a mechanism whereby uninfected cells can be incorporated 
into AIDS virus infected syncytia. Because the giant cells die soon after they are 
formed, this process may contribute to the depletion of helperlinducer T cells 
characteri~ticd~ observed in AIDS. 

T HE T LYMPHOTROPIC RETROVIRUS 

known variously as LAV, HTLV- 
111, and ARV has been etiologically 

associated with the acquired immune defi- 
ciency syndrome (AIDS) and a spectrum of 
related disorders (1). Serum antibodies to 
viral antigens are found in most patients 
with these conditions (1,2),  and the virus is 
readily isolated from these individuals (2). 
In patients infected with the virus, the help- 
eriinducer T lymphocyte subset, which bears 
the CD4 (T4iLeu 3) cell surface antigen, is 
characteristically depleted (3 ) .  In vitro, the 
virus is tropic and cytopathic for T cells and 
transformed cell lines expressing CD4, and 
monoclonal antibodies to CD4 block the 
infectivity of the virus in vitro (1, 2, 4-6). 
Thus CD4 may function as a specific cellular 
receptor for the AIDS virus (6). 

The mechanism through which the AIDS 
virus induces cytopathology in susceptible 
cells is not well understood. In vitro, infect- 
ed cells characteristically form multinucleat- 
ed giant cells that produce large amounts of 
virus and then die over a period of a few 
days (1, 2). Multinucleated giant cells and 
cells expressing viral antigens have also been 
observed in histologic sections from infected 
individuals (7). Such cells may result from 
fusion of infected cells, or from uncoupling 
of the normal mechanisms that synchronize 
nuclear replication and cell division. We 
now present evidence that the CD4 mole- 
cule is involved in the fusion of infected cells 
and that CD4' cells do not need to be 
productively infected themselves to undergo 
fusion with an already infected cell. 

To study the cytopathic effects of the 

AIDS retrovirus, we used two CD4' leuke- 
mic T cell lines, JM (Jurkat) and VB, that 
respond to AIDS virus infection in a manner 
which approximates infection in nontrans- 
formed human T helperiinducer cells. Infec- 
tion of these lines resulted in a burst of virus 
production [assessed by measuring cell-free, 
particle-associated reverse transcriptase 
(RT) activity] that was accompanied b y  a 
pronounced cytopathic effect. Virus produc- 
tion then declined over a period of days to 
weeks, and RT activity ultimately ceased 
altogether. Cell surface expression of the 
CD4 antigen decreased after infection, so 
that by the time detectable virus production 
had ceased, all the viable cells were essential- 
ly CD4- (Fig. 1). Surface expression of 
other antigens, including CD3, CD5, CD7, 
and nonpolymorphic HLA class I determi- 
nants did not vary significantly between the 
initial CD4' population and the CD4- 
postinfection outgrowth. The JM CD4- 
outgrowth was c~mpletely refractory to in- 
fection with the virus. To determine wheth- 
er the CD4- outgrowth was persistently but 
nonproductively infected, we used Southern 
blot analysis to test for the presence of the 
AIDS virus genome. No viral gene se- 
quences were detected when the HTLV-I11 
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proviral DNA clone HXB2 (8) was used as a analysis with sera from patients positive for 
hybridization probe (Fig. 2, A and B). In AIDS virus antibodies, and coculture with un- 
parallel experiments, infected CD4+ VB cells hfeaed CD4+ JM or VB cells did not result in 
also yielded a CD4- virus negative out- detectable RT activity or cytopathology. 
growth. Viral antigens were not detectable in To account for the loss of virus produc- 
these CD4- cells by immunofluorescence tion and cell surface CD4 expression, we 

Linear  g r e e n  f l u o r e s c e n c e  

Fig. 1. Expression of cell surface 
CD4 on the parent JM cell line 
(JM3Bll) and on postinfection 
outgrowth of JM cells (JMVl). 
Uninfected cells and the postinfec- 
tion outgrowth were stained at 4°C 
with FlTC-conjugated monoclonal 
antibody to CD4 at a saturating 
concentration of 2 pg of antibody 
per 1.0 x lo6 cells (13). Relative 
green fluorescence intensity is plot- 
ted against cell number for unin- 
fected cells (dotted line) and post- 
infection outgrowth (solid line). 
Fluorescence of the postinfection 
outgrowth was indistinguishable 
from background. 

Fig. 2. The CD4- postinfection JM outgrowth is virus negative and has the T cell receptor (TCR) @- 
chain gene pattern expected for the JM cell line. (A) The original JM cell line (lane 2) and two different 
CD4- postinfection JM outgrowths (lanes 3 and 4) evaluated for the presence of AIDS virus DNA by 
Southern blot analysis of total cellular DNA after cleavage with Eco RI. Cleavage with this enzyme 
should release a specific internal viral fragment, irrespective of flanking host sequences, allowing 
detection of viral DNA. Eco RI-digested DNA (30 pg per lane) was subjected to electrophoresis on a 
0.8% horizontal agarose slab gel, transferred to nitrocellulose (14), and probed with HXB2 DNA 
(mixture of the two large internal Sac I fragments) (8) labeled with 32P by nick translation to detect 
AIDS virus-specific sequences. No hybridization was seen. Lane 1 is phage A DNA, used for size 
markers after cleavage with Hind 111, dephosphorylation, and labeling with A-~~P-ATP and polynucleo- 
tide kinase. (B) Copy number positive hybridization controls indicating sensitivity of the procedure. 
DNA from AIDS virus infected VB cells was mixed with total cellular DNA from noninfected VB cells 
(lanes 2 to 7). Mixed DNA was then cleaved with Eco RI and subjected to electrophoresis (7.5 wg per 
lane), transferred to nitrocellulose (14), and probed with "P-labeled HXB2 DNA. Lanes 1 and 15, 
phage A size markers. Relative amounts of infected VB cell DNA to total DNA in lanes 2 to 8 are: lane 
2, all infected VB cell DNA; lane 3, 1 : 2; lane 4, 1 : 5; lane 5, 1 : 10; lane 6 , l :  50; lane 7 , l :  100; lane 8, 
all uninfected VB cell DNA. To determine the sensitivity of the hybridization procedure in terms of 
copies of AIDS virus genome detectable, HXB2 plasmid DNA was mixed with total cellular DNA from 
the uninfected B lymphoid cell line DHLl (15) in proportions corresponding to the copy numbers 
specified below. Copy numbers for HXB2 plasmid DNA mixed with DHLl DNA (lanes 9 to 14) are: 
lane 9 ,5  : 1 (five full viral genome copies per one cell DNA equivalent); lane 10, l :  1; lane 11,1:2; lane 
12, 1 : 10; lane 13, 1 : 50; lane 14, 1 : 100. Detection of AIDS virus DNA from infected VB cells 
(approximately 50% viral antigen positive) mixed with uninfected VB DNA emends to approximately 
one infected cell per 50 cells total DNA equivalent. Hybridization to HXB2 plasmid DNA mixed with 
DHLl DNA shows a sensitivity of approximately one copy of viral genome per 100 cells DNA 
equivalent. Results shown are for a 24-hour exposure of Kodak XAR-5 film, with intensifying screens; 
increased exposure time ve a slight improvement in sensitivity. (C) To assess TCR @-chain gene 
rearrangements, 7.5 wg ogotal cellular DNA from JM cells (lane 2) and two distinct CD4- derivatives 
(lanes 3 and 4) were cleaved with Eco RI, subjected to electrophoresis, transferred to nitrocellulose, and 
probed as above, using the YT-35 DNA clone (9) as a hybridization probe. Results show the 
hybridization pattern expected for JM cells, indicating the clonal identity of the CD4+ parent cells and 
the CD4- derivatives. Comparison of the JM rearrangement pattern (lanes 2 to 4) with the germline 
configuration exhibited by the B cell lymphoma cell line DHLI (lane 5) (15) reveals several differences. 
Size markers (lane 1) are as in (A) and (B). 

considered the possibility that the original 
JM cell line we used was not clonal. If this 
were the case, the CD4- outgrowth could 
have reflected overgrowth by a CD4-, non- 
JM contaminant of the predominant CD4+ 
JM cells. We therefore analyzed both the 
original JM cells and the CD4- postinfec- 
tion outgrowth by the Southern blot tech- 
nique, using the YT-35 DNA clone for the 
T cell receptor (TCR) P-chain (9). Both the 
parental JM cell line and the CD4- post- 
infection JM outgrowth displayed the TCR 
p-chain gene rearrangement pattern expect- 
ed for the JM cell line (Fig. 2C) (9). These 
results suggested that the C D ~ -  outgrowth 
was not the result of contamination of the 
original cell line but arose as a consequence 
of selective pressure in the infected clonal 
cultures. Approximately 1% to 3% of cells 
were CD4- at the time of infection; these 
CD4- cells apparently resist AIDS virus 
infection and cytopathology, and are able to 
survive. Other investigators have reported 
CD4-, AIDS virus positive outgrowths of 
infected CD4+ cultures, suggesting that 
AIDS virus infection may lead to decreased 
expression of CD4 (10). Although our stud- 
i& do not formally rule out the possibility of 
latent viral infection, below the threshold of 
the assays used, the absence of detectable 
virus s u k t s  that our CD4- cells were not 
generated through this mechanism. 

We next used the JM and VB cell lines 
and their CD4-, virus negative postinfec- 
tion outgrowths to examine the mechanism 
of giant cell formation and evaluate the role 
of the CD4 molecule in AIDS virus induced 
cytopathology. A two-color fluorescent la- 
beling technique was used to identify cell 
populations in cell mixing experiments. 
Briefly, a population of CD4+ cells was 
infected with virus and cultured until giant 
cell formation began. The cells were then 
surface-labeled with rhodamine isothiocya- 
nate (RITC) (1 I).  A second population of 
uninfected cells, either CD4+ cells or a 
CD4- outgrowth of the same cell line, was 
surface-labeled with fluorescein isothiocya- 
nate (FITC) (11) and mixed in equal num- 
bers with the RITC-labeled infected cells. 
The cells were cultured at 37°C in the 
presence and absence of a monoclonal anti- 
body to CD4 or a control antibody and 
were evaluated by fluorescence microscopy 
at various time points after mixing. The 
fluorescent labeling procedure did not affect 
the viability or growth of the cells when 
compared to unlabeled parallel cultures. 

One hundred multinucleated giant cells, 
defined as greater than four times the diame- 
ter of uninfected cells. were scored for each 
sample. These cells were evaluated for the 
presence of unequivocal red (RITC) or 
green (FITC) fluorescence by an observer 
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Table 1. Giant cell formation involving CD4. Cells were labeled and scored as described in the text and 
Fig. 3. If no fusion between infected (red) cells and uninfected (green) cells occurred, red only giant 
cells would be expected, reflecting those present at the initiation of the culture and those formed during 
culture within the red labeled population. Giant cells scored red and green are indicative of fusion 
between cells of the two labeled populations. Giant cells were present in the culture treated with 
antibody to CD4 (20 pg/ml), at approximately one-tenth the frequency observed in untreated cultures 
or cultures treated with control antibodies (anti-CD3, anti-CDS, anti-CD7, anti-HLA dass I), 
suggesting that antibody to CD4 inhibited fusion-mediated giant cell formation both between the two 
labeled populations and within the red labeled (infected) population. 

Percentage of multinudeated 
giant cells at 48 hours 

Cell populations 
Red Red and 
only green 

Infected (CD4+) (red) plus uninfected (CD4+) (green) 16 84 
Infected (CD4+) (red) plus uninfected (CD4-) (green) 95 5 
Infected (CD4+) (red) plus uninfected (CD4+) (green) 82 18 

plus antibody to CD4 

unaware of the identity of the samples being 
scored. Filters eliminated spectral overlap of 
the fluomchmmes. Giant cells arising from 
the original RITGlabeled infected cell pop- 
ulation would be expected to show only red 
fluorescence. Giant cells showing both red 
and green fluorescence would result fiom 
h i o n  of uninfected (green, FITC-labeled) 
cells with infected (red, RITC-labeled) cells. 
As shown in Table 1, uninfected (green) 

CD4' cells mixed with infected (red) cells 
showed a high percentage of giant cells with 
both red and green fluorescence (Fig. 3, a 
and b). When CD4- uninfected (green) 
cells were mixed with infected (red) cells, 
virmally all the giant cells showed only red 
fluorescence (Fig. 3, c and d). Thus CD4- 
cells did not undergo fusion with infected 
cells and there was not significant transfer of 
fluorochromes between the two labeled 

Fig. 3. Giant cell formation mediated by CD4-dependent cell fusion. W were surface-labeled with 
FITC and RlTC as described (11,16). Labeled cells were mixed in the indicated combinations at equal 
numbers, cultured at 37C, then fixed in 0.37% formaldehyde with PBS (vlv), and scored on a Zeiss 
Universal photomicroscope equipped for epifluorescence. Results shown are for the VB cell line scored 
at 48 hours, when approximately 60% of the cells were involved in syncytia. Initial formation of two- 
color giant cells was noted as early as 3 hours after mixing of cells. The cells shown were from a culture 
in which infected (RlTC-labeled) VB cells were mixed with uninfected (FITC-labeled) CD4+ VB cells 
(a and b) or with an uninfected (FITC-labeled) CD4-, virus negative outgrowth of a previously 
infected VB culture (c and d). The same field was photographed with filters to observe either red or 
green fluorescence. Note normal sized cells showing either only red or only green fluorescence. In 
contrast, the multinucleated giant cell in (a) and (b) (400x orighal mgdcation) demonstrates 
unequivocal fluorescence for both RlTC (a) and FITC (b), indicative of cell fusion. The giant cell in C 
and D (400x) shows only red fluorescence. Similar results were obtained in parallel experiments with 
the JM cell line and its CD4- outgrowth, and when H9 cells were uscd as the infected component of the 
assay system with uninfected VB or JM cells. 

Fig. 4. Inhibition of protein synthesis by cyclo- 
heximide. Cydoheximide treatment (10 pgtml) 
inhibited greater than 90% of [35S]methionine 
incorporation into trichloroacetic acid precipita- 
ble protein by uninfected VB cells, AIDS virus 
infected H9 cells, and by mixed cultures. Inhibi- 
tion of protein synthesis reached its maximum 
within 30 minutes of exposure to the drug. 
Metabolic labeling with [35S]methionine fol- 
lowed by SDS-PAGE and autoradiography con- 
firmed the absence of protein synthesis in the 
cydoheximide-treated cells (17); 8% SDS-PAGE 
shows total cellular protein. Lane 1, untreated, 
uninfected VB cells; lane 2, uninfected, cydohexi- 
mide-treated VB cells; lane 3, untreated, infected 
H9 cells; lane 4, cycloheximide-treated, infected 
H9 cells; lane 5, untreated, mixed uninfected VB 
and infected H9 cells; lane 6, cydoheximide- 
treated, mixed uninfected VB cells and infected 
H9 cells. 

populations hi the absence of fusion. When 
CD4' uninfected (green) cells were mixed 
with infected (red) ;ells in the presence of 
monoclonal antibody to CD4, giant cells 
occurred at a greatly reduced fkequency, and - .  
most of them were red only, refl&ingthose 
giant cells already present in the red labeled 
population at the time of mixing. Monoclo- 
nal antibodies to CD3, CD5, CD7, and 
nonpolymorphic HLA class I determinants, 
also expressed by the cells tested, did not 
interfere with the formation of mixed color 
giant cells. Thus, cell-to-cell fusion is the 
mechanism of giant cell formation in infect- 
ed cultures and the CD4 molecule appears 
to participate in the process. 

We next addressed the question of wheth- 
er all cells involved in fusion leading to giant 
cell formation had to be productively infect- 
ed for the process to occur. We used the 
fluorescent labeling technique described 
above in combination with indirect immu- 
nofluorescence analysis using a patient-&- 
rived immunoglobulin G (IgG) preparation. 
This preparation was demonstrated by 
immunoprecipitation to contain reactivity 
against the major structural proteins of the 
AIDS virus. Unlabeled AIDS virus infected 
cells and RITC surface-labeled uninfected 
cells were separately treated with cydohexi- 
mi&, then mixed and cultured in the contin- 
ued presence of the drug. After 4 hours the 
cells were fixed, then stained by indirect 
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immunofluorescence (FITC) to detect viral viral antigens could not occur (Fig. 4). 
antigen expression. In the presence of cyclo- Nevertheless, as shown in Fig. 5, a to h, 
heximide, even if virus were to gain entry cydoheximide treatment did not interfere 
into an initially uninfected cell, synthesis of with the h i o n  process. Cydoheximide had 

Fig. 5. Uninfkcted VB cells h e  with HTLV-111-ink cted H9 cells: Fusion is unattenuated by high dose 
cydoheximide. Uninfected VB cells (labeled with RITC as described for Fig. 3) and AIDS virus 
infected H9 cells (not labeled) were independently treated with 10 pg/rnl of cydoheximide for 1 hour at 
37°C to inhibit protein synthesis (see Fig. 4). The treated VB cells (IUTC-labeled) were mixed with 
cycloheximide-treated, infected H9 cells (not RlTC-labeled) in equal numbers (2 x lo6) and incubated 
at 37°C for 4 hours with cydoheximide (19). The unmixed cell populations were incubated in a similar 
manner. After incubation the cells were fixed in gradient paraformaldehyde (2%, 4%, 8%) with . . . 

subsequent staining by FITC-indirect immunofluokscence (20) for viral Gc&c antigens using the 
I& fraction 121) of serum from an AIDS virus sero~osirive ~atient. (a) RITC-~ositive uninfected VB 
c h s  (IUTC-libeied) treated with cyclohexirnide for '4 hours: (b) ~aie'field as ?a) showing absence of 
FITC immunofluorescence for AIDS virus associated proteins. (c) Absence of FITC immunofluores- 
cence for AIDS virus associated proteins in cydoheximide-treated, uninfected H9 cells (not RlTC- 
labeled). (d) Positive FlTC immunofluorescence for AIDS virus associated proteins in cydoheximide- 
treated, AIDS virus infected H9 cells (not IUTGlabeled). (e) IUTC-positive giant cells appearing 4 
hours after mixing of cydoheximide-treated, uninfected VB cells (IUTGlabeled) and cydoheximide- 
treated, AIDS virus infected H9 cells (not RlTGlabeled). (f) Same field as (e) showing positive FlTC 
immunofluorescence for AIDS virus associated proteins in giant cells. (g) IUTC-positive giant cells 
appearing 4 hours after mixing of cydoheximide-treated, uninfected VB cells (RlTC-labeled) and 
cycloheximide-treated, AIDS virus infected H9 cells (not IUTC-labeled) and not subjected to FlTC- 
indirect immunofluorescence for the virus-associated proteins. (h) Same field as (g) showing negligible 
background fluorescence during FITC excitation compared to (f). Original magnification: (a to f) 
400x; (g and h) 250x. 

no effect on the formation of viral antigen 
(FITC)-positive giant cells, which also 
showed RlTC fluorescence, indicative of 
fusion with uninfected surface-labeled cells. 
Thus, infection of a CD4+ cell, with result- 
ing synthesis of viral proteins, is not re- 
quired for such a cell to fuse to another 
already infected cell displaying viral antigens 
on its surface. 

The exact mechanism of fusion remains to 
be elucidated, but presumably involves in- 
teractions between CD4 molecules on one 
susceptible target cell and antigens deter- 
mined by AIDS virus infection, most likely 
the viral envelope glycoprotein (12), ex- 
pressed on another cell. Because the giant 
cells die shortly after they are formed, cell 
h i o n  leading to cell death may be one of 
the mechanisms accounting for the progres- 
sive depletion of CD4+ T helperlinducer 
lymphocytes observed in patients infected 
with the AIDS virus. 
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14. E. Southem, J. Mol. Bid. 98,503 (1975). 

(FITC) or 25°C (RlTC), RPMI 1640 culture medi- 
urn containing 10% f e d  calf sem (FCS) was 
added to absorb fluomchrome not bound to c d  
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surface proteins. Labeled cells were washed in PBS, 
then resuspended in RPMI 1640 medium contain- 
ing 10% FCS at lo6 cells per milliliter for culture. 

17. Ap roximately 1 x lo7 cells were washed in PBS 
anc? metabolically labeled with 150 kCi of 
[35S]methionine for 4 hours in 5 ml of methionine- 
free RPMI 1640 medium containing 10% dialyzed 
FCS + 10 bglml of cycloheximide. Cells labeled in 
the presence of cycloheximide were treated for 1 
hour before the addition of the radioisotope. After 4 
hours of incubation the cells were washed extensive- 
ly in ice-cold PBS and solubilized in 0.5 ml of 2% 
Triton X-100 in PBS, pH 7.4. Insoluble material 
was then pelleted by centrifugation at 10,0008 for 
10 minutes. Portions (100 ~ 1 )  of cell extract were 
then mixed with 100 b1 of 2 x electrophoresis buffer 
[6% sodium dodecyl sulfate (SDS), 10% glycerol, 
0.125M tris-HCI, H 6 8, and 5% p-mercapto- 
ethanol] and boileBfor 2'minutes. The extract was 
then run on a standard gel [8% SDS-polyacrylam- 

ide gel electrophoresis (PAGE)] according to the 
method of Laemmli (18). The el was fixed, im reg 
nated with ENLIGHTEN IN^ (New ~ n ~ l a n i ~ u :  
clear) and exposed to Kodak X-Omat AR film with 
intensifying screens; optimal gel ex osure was 7 
hours. Trichloroacetic acid precipitabE counts were 
determined from remaining cell extract not used for 
SDS-PAGE. 

18. V. K. Laemmli, Nature (London) 227, 680 (1970). 
19. Uninfected VB cells and HTLV-IIIILAV-infected 

H9  cells were chosen for this experiment because 
with this combination of cells, extensive fusion 
occurs within 4 hours. High doses of cycloheximide 
could thus be used to inhibit protein synthesis 
without compromising cell viability during the 
course of the experiment. The findings described in 
cycloheximide-treated cells were essentially identical 
to those for untreated cells both qualitatively and 
quantitatively, as well as temporall{ 

20. B. S. Stein et al., J. Bwl. Chem. 259, 14762 (1984). 

Protein, DNA, and Virus Crystallography with a 
Focused Imaging Proportional Counter 

A set of programs has been developed for rapid collection of x-ray intensity data from 
protein and virus crystals with a commercially available two-dimensional focused 
geometry electronic detector. The detector is compact and portable, with unusually 
high spatial resolution comparable to that used in oscillation photography. It has 
allowed x-ray data collection on weakly diffracting crystals with large unit cells, as well 
as more conventional "diffractometer-qualityyy crystals. The quality of the data is 
compared with that from oscillation photography and automated diffractometry in the 
range of unit cells from 96.3 to 383.2 angstroms. Isomorphous and anomalous 
difference Pattersons, based on detector data, are shown for a variable surface 
glycoprotein mercury derivative and for a repressor-DNA lbromine derivative, which 
has been solved at 7 angstroms with detector data only. 

T HE MOST EFFICIENT METHOD OF 

collecting x-ray diffraction data is to 
record at one time with a photon 

counting detector as many as possible of the 
simultaneously occurring x-ray reflections. 
Conventional proportional counters have no 
spatial resolution, and thus conventional 
diffractometers collect only one or a few 
reflections at once. Film is an efficient but 
imperfect area detector, and widely used in 
the unit cell range above 100 A (1). After 
the pioneering work by Xuong (2 ,3 )  and by 
Arndt (4), several groups have developed 
data collection systems using two-dimen- 
sional photon counting electronic detectors 
with sufficient spatial resolution to assign 
every diffracted photon to the correct reflec- 
tion (4, 5). 

We have written software for rapid data 
collection with a novel commercially avail- 
able detector that is portable enough to be 
moved from one x-ray generator to another 
in the laboratory. The detector generates a 
5 12 by 5 12 pixel image of all simultaneously 
occurring diffraction. Its total angular sub- 
tense is 60 degrees when set at 11 cm from 

the crystal. A 5 minutes of arc oscillation 
exposure of tomato bushy stunt virus 
(TBSV) (Fig. 1) demonstrates a novel fea- 
ture of this inst~ument-high spatial resolu- 
tion. The 5 12 by 5 12 pixel image has about 
200-pm resolution at the detector face. This 
makes it roughly equivalent to digital film 
scanning with a 2 0 0 - ~ m  raster, except that 
the counter sufYers none of the spot-edge 
effects (6) that limit optical density raster- 
scanning. Thus, the only condition to be 
met is that adjacent reflections be spatially 
resolved. Using Franks double mirror focus- 
ing optics (7) an an Elliot GX-6 rotating 
anode, unit cell dimensions in the 100 to 
180 A range are readily resolved at crystal to 
detector distances of 10 cm, and larger cells 
are resolved at 18 cm. Figure 1 shows 
diffraction from crystals of TBSV (a = 385 
A). The spots within the marked circle (Fig. 
1A) at 2.6 A resolution (specimen to detec- 
tor distance 18 cm) can be seen on an 
expanded scale (Fig. 1B) to form a resolved, 
centered lattice. 

The x-ray detector is a focused geometry 
imaging proportional counter, which is part 

R. A. Kekwick, Biochem. J. 34, 1248 (1940). 
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of a data collection system (Nicolet-Xen- 
tronics, Madison, WI). The counter is a 
sealed, xenon-filled unit, with a concave Be 
window (11.5 cm in diameter). The curva- 
ture reduces parallax at the edges of the 
detector by making the electric field lines 
more parallel to the path of the incident 
photons in the interaction zone near the 
front window. The signal is collected on a 
multiwire anode and read capacitively on 
cathodes of more finely spaced wires (one 
set of wires in x and one in y). The detector 
and position-determining circuit combine a 
coarsely segmented cathode (2 cm) with 
capacitive charge division within a segment 
to produce resolution of 0.20-mm full width 
at half height. High resolution is achieved in 
both the x and y dimensions because elec- 
trons created in the initial ionization event 
are allowed to diffise in the drift space, 
creating a relatively large (3  to 4 mm) cloud 
of ions. The distribution of the electrons is 
recorded on a number of wires from which 
the centroid (and therefore the photon posi- 
tion) can be calculated to a fraction of the 
actual wire spacing. The current instrument 
has six cathode segments in each direction 
and 12-bit analog to digital converters. The 
electronics have a dead time of 5 psec. The 
current limiting factor for data collection 
rate is the 18-psec time required by the data 
collection microcomputer to record and 
map (see below) each event. This character- 
istic permits acquisition rates up to 60  kHz 
at 50% dead-time loss (the unmapped mode 
rate is 100 kHz). Our experience indicates 
that the data rate is limited by the power 
available from our x-ray source (Elliot GX-6 
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