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Biologie synthétique

Synthetic biology is that branch of research and development
that applies rational design principles to produce novel biological
systems, organisms, or components de novo, or that contributes in
a direct and significant way to their production through the novel
development of materials, technologies or processes. (Douglas
and Savulescu 2010)
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Le « repressilator »
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Le génome synthétique
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BioBricks
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Organoïdes
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Combien ?

2018 : $3,8 Md
2022 : $13,9 Md (éstimé)
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Pourquoi ?

• produire des plantes avec résistance à la sécheresse ou des pestes
(déjà en cours)

• produire des médicaments (déjà en cours)
• remédier à la pollution (microbes synthétiques)
• nouvel alimentation (Impossible Burger)
• teinture, construction…
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Questions ontologiques

Ces choses, sont-elles :

• des objets (qu’on peut utiliser à notre gré) ou des sujets (avec des
droits) ?

• seulement des collections de cellules (comme d’autres cas de culture
cellulaire) ou des proto-organismes ?

• des êtres vivants ou seulement desmécanismes qui imitent la vie ?
• des choses naturelles ou des artefacts ?
• des outils (construits pour fins particulières) ou des entités qui
méritent considération en soi ?

• des objets (qui existent ici et maintenant) ou des processus (qui
imitent des processus biologiques) ?
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Questions épistémiques

Ces choses, sont-elles :

• dans la domaine de la science ou de la technologie ?
• dans la domaine de la recherche ou du traitement médical ?
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Questions épistémiques

What I cannot create, I do not understand

(sur l’ardoise de Richard Feynman à sa mort, 1988)
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Questions épistémiques

Y a-t-il une vraie différence entre le type de connaissance qui nous est
fourni par l’ingénierie ou la technologie (“making”) et la recherche ou la
science ?
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Considération morale

Est-ce que le défi pour notre distinction entre mécanisme et être vivant
nous pose des problèmes éthiques ?

Pas clair.

• Ça peut amener à une sorte de réductionnisme, la vue que la vie n’est
qu’une collection des éléments biochimiques, et donc à une perte de
valeur de la vie

• Mais il y a beaucoup d’êtres vivants auxquels on déjà n’impute aucune
valeur ou considération éthique
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Considération morale

Bref, la considération morale est déjà liée aux autres aspects d’une entité
que la vie (conscience, sentiment, douleur, rationalité, etc.).
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Manipulation et création

Est-ce que le changement de « manipulation » (des anciennes formes de
vie, par exemple avec l’agriculture) à « création » possède une signification
éthique ?

The shift from genetic engineering’s ‘manipulatio’ to synthetic
biology’s ‘creatio’ is a shift with considerable ethical significance…
In synthetic biology, the aim is not to amend an organism with a
certain quantity of altered characteristics (that is, to manipulate);
instead, it is to equip a completely unqualified organism with a
new quality of being (that is, to create a new form of life). (Boldt &
Müller 2008)
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Consentement et biotechnologie

Comment pourrait-on vraiment donner du « consentement éclairé » si nos
cellules peuvent être façonnées dans des lignées de cellules ou des
organoïdes, qui seront ensuite utilisés dans plusieurs contextes, sans
aucun lien (forcément) entre donneur et chercheur ?
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Consentement et biotechnologie
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Questions éthiques
and other genes from a human seasonal H3N2 
virus. The HA of this hybrid contains a Q226L 
mutation, which confers human-like Siaα2,6 
binding7 (Fig. 1c). During the 10 rounds of 
infection that were needed for this H9N2 virus 
to acquire transmissibility, it accumulated two 
additional HA mutations, one located at resi-
due 189 of HA1 (close to the receptor-binding 
domain) and the other at residue 192 of HA2 
(close to the membrane-fusion domain), as 
well as one NA mutation located in the trans-
membrane domain. Together, these studies  
demonstrate that mutations that increase 
Siaα2,6 binding1,5,7, as well as those that  
stabilize HA structure1,7, seem to be function-
alities required for the HA of viruses that are  
transmissible among mammals. 

 Thus, Imai and colleagues’ generation of a 
respiratory-droplet-transmissible H5N1 virus 
represents the culmination of a sustained effort 
by numerous groups to better understand the 
mechanisms that can confer mammalian 
transmissibility in avian influenza viruses. 
However, it is likely that different combinations 
of HA mutations can achieve the same effects, 
and further studies are needed to explore this 
possibility. Furthermore, although transmis-
sion of influenza A virus among humans is 
already known8,9 to involve the virus HA, NA 
and basic polymerase protein 2, it is possible 
that other viral proteins, not explored by Imai 
and colleagues, also contribute to mammalian 
transmissibility.

 It is intriguing that, although the parent 
H5N1 virus strain (A/Vietnam/1203/2004) 
used by Imai et al. causes lethal disease in 
ferrets when they are directly infected, infec-
tion with the ferret-transmissible H5N1 virus 
does not kill the animals. It is possible that 
the change in receptor binding from Siaα2,3, 
which is present on alveolar epithelial cells in 
ferret and human lungs, to Siaα2,6, found on 
cells of the upper respiratory tract, may change 
the virus from one that causes alveolar infec-
tion, likely to result in more severe disease, to 
one targeting the upper airways, which is asso-
ciated with milder symptoms. However, Imai 
and colleagues did not find that the two viruses 
differ markedly in their targeting of the upper 
or lower respiratory regions. 

Imai and colleagues’ H1N1 virus with an 
H5 HA is a laboratory creation, but it should 
not be considered an experimental artefact. 
Natural emergence of an H5N1–H1N1 hybrid 
virus is plausible. Some H1N1 and H5N1 
viruses readily swap genes with one another 
in vitro10,11, generating hybrid viruses. Further-
more, pandemic H1N1 viruses are established 
in pigs in many parts of the world, and H5N1 
viruses have been isolated from pigs12, suggest-
ing that opportunities exist for the viruses to 
combine in these animals. 

However, these findings do not only pro-
vide further indication that such a virus may 
arise naturally; they also pave the way for 
improved in#uenza surveillance and pandemic 

preparedness. For example, one of the four 
mutations reported by Imai et al., N158D, 
results in a loss of N-linked glycosylation, and 
loss of glycosylation at this residue is increas-
ingly seen among naturally occurring H5N1 
isolates. Although the other three mutations 
have only very rarely been seen in H5N1 isolates 
from the $eld, mutations in HA that change the 
virus from binding Siaα2,3 to binding both 
Siaα2,3 and Siaα2,6 have been reported in both 
birds and humans13. %ese $ndings reinforce 
the need for focusing even greater attention on 
H5N1 infections in humans and other mam-
mals (including pigs). In#uenza viruses exist 
as genetic variants termed quasi-species even 
within a single clinical specimen, but such 
genetic diversity may not be fully assessed by 
conventional sequencing methods. Investiga-Investiga-
tion of mammalian clinical specimens using 
new deep sequencing methods for these muta-
tions, and for other mutations that confer simi-
lar functionality, will allow us to evaluate the 
extent of H5N1 adaptation that is occurring in 
mammalian hosts. More broadly, understand-
ing the mutations that confer mammalian trans-
mission of avian in#uenza viruses will allow 
better risk assessment of the animal viruses 

that represent a pandemic threat, and help to 
select virus strains against which pre-pandemic  
vaccines should be generated. ■
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Figure 1 | Avian haemagglutinins transmissible in mammals. The haemagglutinin (HA) protein of 
influenza determines the type of target cell that the virus can infect. By mutating the site of the HA that binds 
to sialic acids in receptors on target cells, which differ between avian and mammalian cells, and other protein 
regions that determine the pH at which virus–cell fusion can occur, researchers have generated viruses 
that have avian HA proteins that can be transmitted from mammal to mammal. a, Imai et al.1 identify 
four mutations (N158D, N224K, Q226L and T318I) in the HA of a highly pathogenic avian influenza 
virus, H5N1, that allow a virus with this HA to be transmitted by respiratory droplets between ferrets. The 
receptor-binding site of the HA is shaded in yellow. b, Chen et al.5 also created a virus with an H5N1 HA that 
can be partially transmitted between ferrets, by introducing three mutations (Q196R, Q226L and G228S) 
into the H5 HA. The virus used as the basis for this hybrid already contained the N158D mutation that 
Imai and colleagues also identified in their mutated HA. c, Sorrell et al.7 used the HA protein from a low-
pathogenic H9N2 avian virus to achieve similar transmissibility. The Q226L mutation was already present 
in this virus, and two additional mutations (T189A and H192R/HA2) were acquired during ferret infection 
studies. The H192R/HA2 mutation cannot be shown because the protein is cleaved at a site that lies in front 
of this amino-acid residue.  Full virus names and their subtypes are given below each structure. Mutated 
amino-acid residues are indicated by red and blue spheres.
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Utilisation malveillante

Comment garder contra l’utilisation malveillante de ces technologies ?

1 Laissez-faire : les scientifiques sont mieux placés pour choisir
comment gérer leurs inventions

2 Obligation de considération : les scientifiques eux-mêmes doivent
considérer les risques du mauvais usage

3 Obligation de considération indépendante : certains projets doivent
être considérés par une instance indépendante avant
financement/recherche/publication
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…finitude ?

Les idées de finitude, d’imperfection et de fragilité inhérentes à la
vie humaine et au vivant devraient dissuader les projets d’optimisa-
tion, de rationalisation et de maîtrise toujours plus grands de la vie,
au risque d’en détruire le sel. (Flocco et Gyuonvarch, 316)
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Autres questions éthiques

• Faut-il clarifier nos critères pour la considération morale ?
• Comment évaluer les risques et bénéfices (en particulier, comment
évaluer la sûreté de ces produits) ?

• Brevetabilité de la vie
• Impact sur la recherche animale


