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SOFTWARE 

Order From Chaos 

B ENOIT is a fractal analysis soft- 
ware product for Windows 95, Win- 
dows 98, or Windows NT used to 

find order and patterns in seemingly 
chaotic data. ~articularlv where tradition- , . 
a1 statistical approaches to da- 
ta analysis fail. It is widely 
used in disciplines as diverse 
as biology, chemistry, physics, 
economics, medicine, and ge- 
ology. The U.S. Geological 
Survey, for example, employs 
fractal analysis to accurately 
Dredict the volume of undis- 
covered deposits of oil and 
natural gas. on the basis of da- 

The self-similar or image methods BENOIT a good resource for learning 
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series or 2 for image data). Upper and 
lower fractal limits are controlled by the 
size of the dataset. Self-similar methods 
available in BENOIT are well known in 

ta from Yknown deposits. 
BENOIT measures user-supplied data 

by standard fractal methods. For a fractal, 
measures change in value as the scale de- 
creases in size because ever-smaller pieces 
become included in the analysis. Measures 
are plotted as a function of ruler size on a 
log-log plot, and a fractal dimension is cal- 

fractal analysis: box dimen- 
sion, perimeter-area dimen- 
sion, information dimension, 
and ruler dimension. All 
methods are explained in stan- 
dard Help files that contain 
several pages of information 
for each topic. 

The 1D analysis routines 
use "self-affine" methods of 
analvsis. Self-affine fractals 

differ from seli-similiar fractals in that 
their parts need to be rescaled by different 
factors in different coordinates to resemble 
the original. In the roughness-length 
method, the root-mean-square variation or 
roughness of the data is calculated for a va- 
riety of horizontal scales (Fig. 1). The oper- 
ation provides an estimate of the Hurst ex- 

ponent, H, in a log-log 

SOFTWARE 

Flash Your Data 

H ow you present your scientific data 
will affect how well it is received by 
your audience. Whether the audi- 

ence is a scientific journal reviewer, a sym- 
posium attendee, or the panel that will de- 
termine your tenure status, a good presen- 
tation will help and a poor one will hurt. 

That said. most scientists are well 
versed in the use of basic graphics editing 
tools like Adobe Photoshop. With some 
simple Photoshop commands, one can 
crop and annotate figures, position col- 
lages of images, or design diagrams. How- 
ever, with the growing use of the Web and 
lab Web sites, as well as increased reliance 
on computers for seminar presentations, 
the functionality of Photoshop has fallen 

(Rescaled Range) analysis, 
power spectrum, rough- 
ness-length, variogram, 
and wavelets. 

Printing of log-log fig- 
ures is provided, but with- 
out manv features that 
would de found in a 
s~readsheet. Documenta- 
tion for the program is 
available online. BENOIT 
has a highly visual inter- 
face. com~lete with an ani- 

Fig. 1. Example of user data analyzed by a self-affine method. mated grii or ruler for self- 
similar fractal methods, 

culated from the slope of the resulting line. and it gives users control of all calculations 
Users select one of 10 analytical measures that the program performs, unlike other 
with the software. Five of the available fractal software. 
measures in the program act upon bitmap 
images in Windows BMP format. These 
are described as the "self-similar" or two- 
dimensional (2D) methods, while the re- 
maining group of routines act upon time- 
series or 1D data. The latter group requires 
data to be in a simple but specific data for- 
mat, such as is available in Excel. The pro- 
gram also features a data generator that 
produces files with a given fractal dimen- 
sion. Users may find this useful for testing 
and control purposes. 

Benoit is not without flaws. Some oper- 
ations, such as name registration with the 
Windows NT 4.0 taskbar and the Open File 
requester, do not conform to standard Win- 
dows conventions. It would be of help to 
have an outline or flowchart of the opera- 
tion of the different routines available in 
BENOIT for newcomers to fractal analysis. 

In summary, the variety of fractal analy- 
sis methods available in BENOIT, together 
with generally detailed help files and sig- 
nificant user control of operations, make 

the gap and much more. 
What is Flash? Simply put, Flash is a 

way to deliver the best and most compact 
graphics and animations through a Web 
browser or stand-alone application. It is a 
tool that all scientists should investigate 
because it will allow them to present their 
data in the largest variety of forms to the 
widest audience. 

The first key to Flash is that the images 
are stored and moved in what is known as 
vector graphic form. This is in contrast to 
commonlv used image formats (such as 
those of ~hotosho~)  \;here the images are 
in bitmap form. Bitmap images are large 
because each pixel in the image must be 
described by several bits of information. 
Add up all of the bits, and file size grows 
rapidly. Vector graphics are described by 
mathematical formulas that are calculated 
on the fly as the image is loaded. 

The second key to Flash is how well it 
integrates with the Web. The Flash player 
comes in the form of a plug-in to the 
browser architecture. It can be downloaded 
for free from the Macromedia Web site 
(www.macromedia.com) as a file less than 
200K in size. However, since July 1998, 
all fourth-generation browsers from both 
Netscape and Microsoft have Flash capa- 
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bility built in.  I f  you are using a 4 . X  
browser, chances are you won't have to do 
anything special to see a Flash image, just 
point your browser to a "Flashed" site. 

What can Flash do? The list is long, but 
some highlights o f  Flash functions are easy 
creation o f  animation. MP3 sound forn~ in- 
put, onion skinning, shape morphing, 
tweening, and freehand graphics. Onion 
skinning, for example, is a way to create 
see-through layers o f  art that can be super- 
imposed to create complex animations. The 
effect is similar to flipping cards with im- 
ages on them, but the images are digital. 
Tweening is a process whereby the starting 
and ending points o f  a movement are select- 
ed but the intervening sequences o f  events 
are filled in by the computer. With tween- 
ing, you can easily make complex transi- 
tions between two points on the screen. 
Freehand graphics is a general term for 
turning hand-drawn (with the mouse) graph- 
ics into professional ai-twork. I f  you try to 
draw with a mouse, say in Photoshop, you 
will quickly find out that creating even sim- 
ple curves is almost impossible. You end up 
with jagged edges. However, Flash will au- 
tomatically smooth out these curves. It will 
also recognize that you are trying to draw 
shapes like circles, squares, triangles, and so 
forth, and fill them in with perfect angles. 

What can Flash do for the average scien- 
tist? Nothing less than produce the next 
generation o f  digital presentations. W e  are 
moving into a new frontier that was pio- 
neered by simple slide transitions in pro- 
grams like Microsoft Powerpoint. Wi th  
Flash. you can now design a presentation 
with sound, motion, rich text, and detailed 
graphics within one program. You could, for 
example, make a movie showing a cell di- 
viding, transition to an SDS-polyacry- 
lamide gel electroporesis gel showing the 
accumulation o f  a particular cyclin. return 
to a series o f  frames describing the tech- 
nique o f  microinjection (complete with pic- 
tures o f  the equipment). and then morph to 
confocal slides o f  cells arrested in G2 phase 
after injection o f  a mitotic inhibitor. The 
presentation could even be matched with 
sound narration from the lead author (who 
couldn't make the meeting). Because Flash 
can be run within a shell that does not in- 
clude the browser, the presenter would not 
need an Internet connection or sewer. 

Some more animated examples could 
include all kinds o f  training videos from 
safety seminars, to technique tutorials, to 
online classes. You don't even need to use 
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animation to find a benefit for using Flash 
today. The ability to mix and match a vari- 
ety o f  graphics formats to produce one im- 
age would be useful in itself. 

How do you get this technology in your 
lab? First, ask around and, chances are, a 
student or co-worker may know the basics 
already. Next, download the sofmjare demo 
from Macromedia's Web site and take their 
digital tour. From there, it i s  up to you to 
Flash your colleagues with your new skills. 

--ROBERT SIKORSKI AND RICHARD PETERS 

P R O T E I N  E X P R E S S I O N  

Folding to Green 

A nyone who has spent any significant 
amount o f  time behind the laborato- 
ry bench trying to express proteins 

in Eschevichia coli lmows that this process 
can often be frustrating. Overexpressed 
proteins have a tendency to misfold and ag- 
gregate: the result is that you end up with 
material that is neither biologically active 
nor useful for structural studies. It is as- 
sumed that thermodynamically or kinetical- 
ly trapped intermediates. or improper disul- 
fide bonds are major pathways to aggrega- 
tion and hence insolubility. To get around 
this problem, students and postdoctoral fel- 
lows spend countless hours t~ying a number 
o f  approaches. These include changing the 
growth conditions (different media, differ- 
ent temperatures, different bacterial strains. 
and so forth), fusion o f  the protein with a 
soluble partner such as glutathione S-trans- 
ferase, co-expression with folding catalysts 
such as chaperones, and unfolding and re- 
folding experiments. In structural biology 
laboratories, for instance, laboratory per- 
sonnel can spend many months trying to 
isolate large amounts o f  pure, soluble, and 
functional oroteins. 

A recent report published in Nature 
Biotechnologj~ takes a step toward increas- 
ing the productivity o f  protein chemists 
( I ) .  The authors used green fluorescent 
protein (GFP) as a reporter for protein 
folding: the protein o f  interest is ex -  
pressed as an amino-terminal fusion with 
GFP. The scientists demonstrated that the 
correct folding o f  the downstream GFP 
and consequent formation o f  its chro- 
mophore are directly proportional to the 
folding o f  the upstream protein. Because 
correct folding o f  GFP leads to increased 
fluorescence, monitoring fluoresence o f  
intact cells becomes an easy assay to 
quantify the solubility o f  expressed pro- 
teins. The system can also be used to iso- 
late more-soluble variants o f  proteins that 
would normally aggregate. 

How did they do it? They first expressed 
20 cytoplasmic proteins from P,vrubaculur~~ 
aevophil~~rrz in E. coli at 37°C as amino-ter- 
minal GFP fusions. Next, they measured 
the fluorescence o f  liauid cultures while the 
solubility o f  the protein expressed wi thut  
the GFP tag was separately measured by 
SDS-polyacrylamide gel electrophoresis. 
There was a direct correlation between sol- 
ubility and fluorescence, indicating that the 
fluorescence that emanates from the GFP 
folding reporter was an appropriate marker 
o f  the solubility o f  the upstream protein. 
Next, they decided to try to improve :he 
solubility o f  lmown Inisfolded proteins and 
use the GFP assay as an indicator o f  suc- 
cess. They used the C33T mutant o f  gene V 
protein and the bullfrog H-subunit o f  fer- 
ritin. After putting these proteins through 
several rounds o f  directed evolution select- 
ing for increased solubility. they assayed 
the intact cells for fluorescence and the 
nonfusion protein for solubility. The solu- 
bility o f  those proteins was increased by at 
least 10-fold, and fluorescence was in- 
creased at least 40-fold. 

The authors also wanted to make sure 
that such a solubility increase could be 
achieved without loss o f  function: after all, 
a protein could end up being more soluble, 
but nonfunctional. To test this, they fo- 
cused their efforts on the H-subunit o f f e r -  
ritin. Each o f  three mutants examined was 
highly soluble, but two o f  the three had a 
mutation that destroyed iron binding. The 
third mutant retained most o f  the wild- 
type iron oxidation activity. thus provir~g 
that directed evolution o f  solubility with 
GFP as an intramolecular folding reporter 
can be a successful approach. 

There are a number o f  aspects o f  this 
report that are very attractive. The ability 
to obtain soluble functional variants o f  an 
otheiwise insoluble protein without having 
to rely on functional screens other than 
GFP fluorescence should free uo the hands 
o f  busy students and postdocs. Fluores- 
cence-activated cell sorting can be used to 
select clones with high fluorescence. Fi- 
nally, the approach could be coupled to 
high-throughput in vitro screening o f  prc- 
tein folding from amplified genes. The 
technique needs to be adopted by a num- 
ber o f  laboratories to see how applicable it 
can be across inany other systems. Having 
spent a good amount o f  time at the bench 
(and cold room) trying to improve the sol- 
ubility o f  expressed proteins ourselves. we 
believe that this relatively simple approach 
may have a great impact on the field o f  
protein chemistry. 

-RICHARD PETERS AND ROBERT SIKORSKI 
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