
I MICROBIOLOGY 1 singly chlorinated ethene that is a trouble- 
some known human carcinocen. In 1989. 
complete dechlorination of e~ and TCE Breathing with Chlorinated Solvents e k e  was but inmixedcultures 
(7). Now Maym6-Gatell report the exist- 
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ence of a bacterium that may-be the respon- 
sible party (3). 

&It if these oqanisms that can halorespire 
exist in tke sail, why-in groundwaters con- 
taminated with PCE and TCE and other or- 

Chlorinated solvents are effective cleaners, halorespiration, the chlorinated solvents ganics-is the conversion to ethene not 
removing dirt and oils from clothes, engines, are reduced through reductive dehalo- complete? In cases where organic materials 
machines, and electronic p m .  In the past, genation, which is the removal of one or are present to provide the electron donors 
the dirtied solvents were dumped into land- more chlorine atom and their replacement required for halorespiration, the complete 
fills, stored in disposal tanks that often with hydrogen. Bacteria that can carry out destruction of PCE and TCE under anaero- 
leaked, or spilled on the ground-only some- this reaction do not occur everywhere, and bic conditions involves consortia of many 
times accidentally. As a result, the most where they do occur they generally do not microorganisms working together (see the 
common contaminants of organic ground- completely remove the chlorines. Ere- figure). Some hydrolyze complex materials 
water at hazardous waste sites are the two quently, PCEandTCEpemistforyears with- to simple monomers (sugars, amino acids, 
major chlorinated solvents, tetrachloro- organic acids), and they or others then fer- 
ethylene (perchloroethylene or PCE) and ment the monomers to alcohols and fatty 
trichloroethylene (TCE) ( I  ). Both are sus- acids for energy. Others oxidize the alcohols 
pected carcinogens. One reason for their Mixed cornple and organic acids, producing acetate and 
widespread persistence is that they, like rganic rnateris molecular hydrogen A few competing mi- 
other chlorinated solvents, are htghly resis- I 

Hydrolysis 
mrganisms then oxidize the acetate and 

tant to biodegradation. Indeed, no known I hydrogen as electron donors in energy me- 
microorganism can aerobically destroy PCE, tabdbgn. In turn, they reduce electron ac- 
although the surprising discovery was made a ceptm that may be available, such as sulfate, 
few years ago that some anaerobic bacteria iron (III), or carbon dioxide, converting 
can use c-ted solvents for respiration, them to sulfide, iron (11), and methane, re- 
breakmg &em down inthe pmmss (2). Now, spectively. This is where the halorespiring 
on page 1568ofthi.s &aue,M-tell et d organisms find their niche when chlorinated 
(3) report the ~ t h n d a ~  (Strain solvents are present. They also compete for 
195) thattan-rt:daf&e&tine atom c the electrons in hydragen and acetate (8). 
bPCEdmby to form J Unfortunately, these organisms are not 
ethene, an innmw end pruduct. These Ac highly svceessful in dris competition and 
halorespiring organisme gain only a small share of the 
can potentially be used to c"- 7 0x1, 1" 

available electrons, Now that 
destroy ChlOriMted sol- I 4  

4 kn-haom, 
vents naturally in the en- out the complete conversion 
vironment or in engi- * of PCE and TCE to ethene . 
neered treatment systems. 

I 
available, we are in a better 

We rely on microor- 
1 

position to learn why they are 
ganisms to cleanse soils a ' *- , . not more effective and how 
and waters of most natu- we can increase their com- 
ral or hunan-created petitive advantage, 
c O m ~ d S  that make DetoxMceU~n: a ampWveaitustion. Ebctw flow from electron donors to elec- The first rnicroo- 
their way there. The tnxl acmpt~ws in the anaerobic oxidation af mixed and complex organic materials. that was use &lor- 
dorinated compounds M i c m i m  that can use chlorinated mw& (PCE, TCE, cis-WE, and VC) inated s o b  h hahms- 
are among the most as electron aoceptm in halorespiration eom- for the electrons in the amtmte piration, 
noubling because d and hydrCQ@l intermediates With micmr~ismsthat czan use sulfate, iron (Ill), and (z), is a s&t rnerobe, It =- 
h i r  m~cinogenic h- cart30" dioxide. &C~S PGE to TCE and cD%E 
ads and their resis- while using either hydrogen 
tmce to natural destructive forces in soils out change, because electron dcmm re- or formate as electron donor for energy. 
and water. What prevents the breakdown quired for halorespiration are absent. The strange aspect of D. rest&w is that it 
of these compounds? Natural reductive At some locations, such as sanitary cannot obtain-energy ffom oxidation of 
dehakgmation of chlohated solvents landfills or waste lagoons, chlorinated sol- any other. electron &nor that was exam- 
(4-6) occurs when the bacteria can we the vents make up only a d l  portion of the ined except fomate or hydrogen or use any 
solven~ as electron acceptors to generate total waste load. The other organics can other electron acceptors except FCE and 
energy for growth, similar to the way oxy- provide the elemon h o r s  required for TCE. An interesting question of h& eco- 
gen is used by aerobic orgmhms, In dehalqmation. But even in the presence of l a g i d  significance is how such an organ- 

the other coaulounds. dechlorination of ism with suah a restricted diet could have 
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Gatell et al. that carries out the complete 
reduction to ethene has a similarly restricted 
diet, and the same question can be posed on 
its behalf. 

Equally fascinating is the rapidly grow- 
ing number of microorganisms now identi- 
fied that are capable of the partial halo- 
respiration of PCE and TCE to cis-DCE 
(3). Most are not as restrictive in their 
diets as D. restrictus and Strain 195, but 
can obtain energy for growth from many 
other electron donors and acceptors. In- 
deed, Strain MS-1, which can reduce PCE 
to cis-DCE while using acetate as an  elec- 
tron donor, can grow fermentatively on  a 
wide variety of organic compounds and 
can even use oxygen or nitrates as electron 
acceptors in energy metabolism (9) .  These 
it uses first if available because of the much 
greater energy generation. But when they 

are not  available or become de~ l e t ed .  PCE 
can then be used. 

Several laboratories have been attemDt- 
ing to isolate strains that can completely 
dehalogenate cis-DCE or V C  to ethene. 
Strain 195 is the first isolated, but undoubt- 
edly many others with this ability exist. 
Whether these others will be similarly re- 
strictive in diet remains to be seen, but it 
seems likely they will not, judging from the 
broad capability of organisms recently 
identified that convert PCE to cis-DCE. 
W e  have much to learn about how these 
microorganisms obtain energy through 
halorespiration, whether they all use similar 
biochemical pathways, and how the process 
is regulated. Some electron donors may pro- 
vide a better competitive advantage for 
halorespiring organisms, and we need to un- 
derstand why. The significant step taken by 

Mavm6-Gatell et d. should h e l ~  answer manv 
of these questions about halorespiration of 
chlorinated solvents. 
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Twins: En Route to QTLs for Cognition ability is 62%, a value remarkably consis- 
tent with the value of this parameter in 
adolescence and onward (3). These data fill 

Irving I. Gottesman 

Suppose you want to measure the 
contribution of genes to cognitive - - 
ability. So  you suggest an  experi- 
ment that requires cloning human 
beings in order to guarantee that one 
of your tested groups is 100% geneti- 
cally similar. Many eyebrows would 
surely be raised. But if truth be told, 
such experiments of Nature have 
been conducted routinely since the 
days of Sir Francis Galton (1875) (1 ) 
on identical (monozygotic) and fra- 
ternal (dizygotic) twins to study both 
diseases and quantitative traits 
[traits such as blood pressure or intel- 
ligence quotient (IQ) that vary con- 
tinuously, rather than in an  all-or- 
none manner]. Since Galton's time, 
the journey ofbehavioral geneticists 
from their reputation as determin- 
ists (genes determine behaviors) to  
the one they now strive for as proba- 

a gap in theories about the epigenesis of 
intellect over the course of life; previously it 
was supposed that with accumulated experi- 
ence the contribution of one's genetic 

makeup to intellectual functioning 
declined; now it seems that in fact it 
remains rather stable. 

Such cross-sectional samples of 
twins at single time points and their 
allegedly simplistic statistics have 
technical flaws, but nevertheless have 
yielded well-cited data (1 ,  4). The 
flaws in this approach can be captured 
in the words of the physicist P. 
Hansma (5 ,  p. 1882), who was con- 
trasting electron microscope images 
of RNA with the dynamic creation 
of enrvmes: [Heritabilities are1 "like 
snapshots of a ballerina. They won't 
tell vou about the ballet." As a con- 
sequince of this shortcoming, cur- 
rent practitioners, including the au- 
thors of the new study, have already 
moved from this classical approach to 
multitime point, longitudinal designs 
and to the hunt for QTLs (quantita- 
tive trait loci), both of which are re- 

bilists (genes determine the likeli- Influence of genes, environment, chance, and time on gen- quired to complement the classical 
hood of behaviors) has been an  up- era1 cognitive ability. [Adapted from Sing et a/. (7)]  strategies for understanding complex 
hill struggle. Now, a landmark study traits (6). 
on Daee 1560 of this issue marks an  The  US.-U.K.-Swedish team of re- The new data com~lement  existing evi- . - - 
achievement in this struggle and reports searchers analyzed the cognitive abilities of dence for the strength of genetic influences 
the counterintuitive result that the ge- an  extensive s a m ~ l e  of Swedish octogenar- on cognition. The correlational similaritv of 
netic contribution to cognitive abilityu is ian twins using thk classical method ([hat is, variois indicators of general cognitive abil- 
remarkablv constant throughout life (2) .  determination of the genetic contribution itv, sometimes referred to as p, has been as- - . . " , . -. 

to cognition at a single time point). For sessed for pairs of relatives ranging from 0 to 
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these 2 4 0  intact pairsbf twins,the herita- 100% gene overlap and from 0 to 100% envi- 
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