
Mass Spectroscopic Genomics 

Matrix-assisted laser desorption/ionization 
(MALDI) time-of-flight (TOF) mass spec- 

trometry is a tech- 
I S I G H T I  N G S I t i i i l~~e  that detects 

lnolecules o n  the  ba- 
sis of an  intrinsic physical property of a nlol- 
ecule-its lllass-to-charge ratio. Because 
there is 110 need for gel electrophoresis and 

u 

radioactive or fluorescent labeling, the  
method provides an  alternative approach for 
the analysis of tlilcleic acids. T h e  method has 
been coupled with solid-phase affinity lneth- 
oils to increase the speed at which the  tech- 
niclue can he used as a large-scale detection - 
tool. T h e  method has been previously used, 
rvith D N A  duplex probes, to analyze genetic 
variations in D N A  ( I  ). 

A recent report by Griffin e t  nl. extends 
this approach by means of peptide nucleic 
acids (PNAs) rather than D N A  duplexes as 
the D N A  probe (2 ) .  T h e  reasons for switch- 
ing to the use of PNAs are that they offer 
increased stabilitv and snecificitv. In  addi- 
tion, they also daln hyiridize a t  low salt 
concelltratiolns and give a better signal in  
MALDI-TOF mass spectrometry. 

T h e  authors first had to  design a set of test 
PNA probes. They chose to  study the  natural 
genetic polylllorphisrn of the human tyrosi- 
nase gene where there are four comlnon 
polymorphic sites. Two allele-specific P N A  
probes were synthesized: one complementary 
to the wild-type allele and one colnplemetl- 
tary to the  single base substitution variant. In  
order to give each of these probes a uniqi~e 
mass that  could he detected by the  mass 
spectrometer, each was attached to  different 
numbers of mass labels. T h e  mass label they 
used was S-arnino-3,6-dioxaocta1loic acid 
~ n o l e c ~ l e s ,  which can be covalently attached 
to  the  NH:-terminal end of the  PNA. Once 
the  nrobes have been svnthesized, thev are , , 

hybridized with polymerase chain reaction 
nroducts that  have been biotin~rlated and  
itntnobilized o n  streptavidin-coated mag- 
netic beads. After washing the  samples, the  
beads are applied to the  MALDI probe tip. A 
chemical matrix is added and is allowed to  
crystallize, leading to  the  dissociation of the  
hybridized P N A  probe while the  bead with 
its D N A  target remains o n  the  prohe tip. 
MALDI of the  dissociated P N A  probe is 
then performed, and the  signal is detected by 
T O F  nlass spectrometry. 

T h e  approach was able to unambiguously 
analyze lnultiple polylnorphic sites for tyrosi- 
nase o n  human D N A  samples and was able 
to identify heterozygotes. T h e  P N A  probes 
provided a high degree of specificity. In  addi- 
tion, they could hybridize in  the  absence of 
salt, which decreases the  likelihood of forma- 
tion of secondary structure in  the  D N A  
strand imlnobilized o n  the  magnetic bead. In  

addition, this lack of salt avoids the  need for 
additional washing stens that are often re- 

L, 

quired to  remove ilnwanted salts in DNA-  
based analyses. 

There are, however, two major drawbacks 
that will need to be resolved before this 
method can be applied to the  large-scale de- 
tection of genornic variations. First, the  
P N A   robes had different hvbridiiation sta- 
bilitiei, so they could not be combined in the  
same reaction mixture. Each set of nrobes 
needs different wash conditions in  order to  
eet good discrimination between the  wild- " L, 

type and variant probe. Thus, in the  tyrosi- 
nase example, four separate reaction lllix- 
tures were required. T h e  second drawback is 
that various P N A  nrobes have different mass 
spectral intensities. T h e  authors were not 
able to find conditions that would allow sat- 
isfactory signals from all the  probes when 
mixed together. Thus, each s ~ e c t r u m  had to  
be acquired separatel;, alnd a iinal composite 
s ~ e c t r u m  had to  be created. 

So,  before the  above approach can reli- 
ably be applied to high-throughput screen- 
ing of genetic polymorphism, more needs to 
be understood about P N A  probes: what pre- 
dicts their stability with D N A  duplexes, and 
what determines their signal intensity in  
IvIALDI-TOF mass spectrometry. However, 
use of the digital readout produced by Inass 
spectroscopic methodology is still very 
prornisitlg for future genornic applications. 

-Richard Peters and Robert Sikorski 
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Molecular Plumbing 

T h e  goal of tissue engineering is essentially 
to create "replacement parts" that can be 

grafted into humans. 
T h e  ~lti l i ty of universal 
grafts-namely, tissue 

that is accepted by any individual in  any part 
of the  body-would be enormous. In  the  case 
of vascular surgery, for instance, tailor-made 
vascular grafts would provide a critical sup- 
ply of vessels that could be used in surgery. 
T o  date, the  strategies for tissue engineering 
have ilsually relied o n  the  availability of vari- 
ous synthetic materials to provide mechani- 
cal strength and scaffolding to  cultured cells. 

T h e  most significant challenge facing 
.i7ascular transplantation is that small-diatn- 
eter biosynthetic grafts invariably show a 
poor patency rate ( that  is, a high rate of 
vessel collapse). Chronic inflamlnation from 
low-level graft rejection of the  inert matrix is 
a major contributing factor to the  closing LIP, 

or stenosis, of the  grafts. In  addition, the  
presence of the  graft as a foreign body in- 
creases the  likelihood of infection. Attempts 
at creating a completely biologic blood vessel 
in vitro without any synthetic scaffold have 
been successfi~l, but the  resultant vessels 
lacked the  necessary strength recli~ired to 
function in viva ( 1 ) .  More recently, a com- 
pletely biologic, autologous ( that  is, taken 
from the  same individual) vascular graft was 
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generated using the  small intestine submil- 
cosa in  a dog model (2) .  Unfortunately, ex- 
periments with human intestinal tissue 
failed to show the  same effect. 

Now comes some good news for all those 
D 

would-be molecular surgeons. A team of sci- 
entists has just reported a method to generate 
a cornpletely biological, tissue-engineered 
h i ~ m a n  blood vessel (3). T h e  blood vessels, 
generated in  vitro, are devoid of any syn- 
thetic material. Ivloreover, these tissue-engi- 
neered vessels were organized into a well- 
defined, three-layered histological architec- 
ture, complete with an  intima, a media, and 
a n  adventitia (inner,  middle, and outer 
layer). Like natural blood vessels, the  man- 
made endothelium was confluent, expressed , 

\roll Willebrand factor, incorporated acety- 
lated low-density lipoprotein, produced 
prostacyclin (PGIZ), and inhibited platelet 
adhesion. Amazinelv, smooth-muscle cells 

L, , 
reexpressed desmin, a marker normally lost 
ilnder standard culture conditions. Collage- 
nase activity was also kept to  a minimum in 
this engineered vessel. Impressively, the  
burst strength ( the  hydrostatic pressure re- 
quireil to burst the  vessel) was actually 
higher than the  burst strength of the  large 
saphenous veins of the  leg, harvested from 
patients ilndergoing .i7ascular reconstruction. 
How did they do it? 

Their secret was to canitalize o n  the  in- 
creased synthesis of extracellular matrix by 
mesenchvmal cells when thev are grown in  
the  presence of ascorbic aci i .  It is this in- 
crease of the  densitv of extracellular matrix 
that provides illcreased burst strength to  this 
vessel. Here is a step-by-step description of 
the  approach used by the  scientists. 

Endothelial cells were plated in eelatin- 
coated culture flasks; smooth-muscle cells 
and fibroblasts were cultured in ser?arate 
flasks, each supplemented with ascorbic acid 
(50 pg/ml). After 1 month,  these cells 
formed sheets (cells plus extracellular ma- 
trix) that could be peeled off the flask. 

Adventitias from fibroblast cultures were 
dehydrated and used to  provide a n  acellular 
inner membrane. This inner membrane was 
slipped around a perforated polytetrafluoro- 
ethvlene tube. and a sheet of smooth-muscle 
cells was rolled around it to produce the  vas- 
cular media. This construct was nlaced for 1 
week in a hioreactor apparatus that provided 
mechanical support and lulninal flow of cul- 
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