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H o w m a m m al s s e n s e i nf e cti o n:  
fr o m e n d ot o xi n t o t h e T oll-li k e 

r e c e pt or s 

Br u c e B e utl er  
C e nt er f or G e n eti c s of H o st D ef e n s e  

U T S o ut h w e st er n M e di c al C e nt er  
D all a s, T X  



Er n e st B e utl er, M. D., 1 9 2 8 -2 0 0 8  





G al e n  
1 2 9 –  1 9 9, A D  

Hi p p o cr at e s  
4 6 0 - 3 7 0, B C E  

M o s e s b e n -M ai m o n  
( M ai m o ni d e s) 
1 1 3 5 -1 2 0 4, A D  

I nf e cti o n s a n d t h eir tr a n s mi s si bl e 
c h ar a ct er w er e k n o w n i n a nti q uit y …  

 

 
 

St a p h yl o c o c c u s a ur e u s  

N ei s s eri a  m e ni n giti di s  H er p e s si m pl e x  

C hl a m y di a tr a c h o m ati s Ti n e a  f a ci ei 

M e a sl e s  



A nt o ni e   v a n L e e u w e n h o e k  
1 6 3 2 - 1 7 2 3  

… w hil e mi cr o b e s w er e o nl y di s c o v er e d i n 
t h e 1 7t h c e nt ur y …  



… a n d t h e a s s o ci ati o n b et w e e n mi cr o b e s a n d 
i nf e cti o n w a s o nl y di s c o v er e d i n t h e 1 9t h c e nt ur y.  

L o ui s P a st e ur  
1 8 2 2 -1 8 9 5  

R o b ert K o c h  
1 8 4 3 -1 9 1 0  



W h at mi g ht b e t h e n at ur e of c o nt a ct b et w e e n mi cr o b e a n d h o st ?  

?  



S o o n aft er mi cr o b e s w er e di s c o v er e d, it w a s a p pr e ci at e d t h at 
m a m m al s r e c o g ni z e t h e m a s f or ei g n a n d m o u nt a n i nt e n s e 

i nfl a m m at or y r e s p o n s e 

I n 1 8 9 1, Ri c h ar d Pf eiff er, a 
st u d e nt of R o b ert K o c h, n ot e d 
t h at h e at-kill e d mi cr o b e s 
c a u s e d a vi ol e nt r e a cti o n i n 
g ui n e a pi g s s o o n aft er t h e y 
w er e i nj e ct e d i nt o t h e s e 
a ni m al s.  H e c oi n e d t h e t er m 
“e n d ot o xi n ” t o d e s cri b e t h e 
p oi s o n o u s, h e at -st a bl e 
pri n ci pl e a s s o ci at e d wit h 
b a ct eri a, r e s p o n si bl e f or f e v er, 
i nfl a m m ati o n, s h o c k a n d 
s o m eti m e s d e at h.  



Gr a m n e g ati v e  b a ct eri a  
E s c h eri ci a  c oli  

P e pti d o gl y c a n  
L a y er  

O ut er  
M e m br a n e  

I n n er 
M e m br a n e  

Li p o p ol y s a c c h ari d e  
( L P S) 

O a nti g e n  

O ut er c or e  

I n n er c or e 

Li pi d A  



L P S  



Bi o s y nt h e si s of Li pi d A  

C hri sti a n R. H. R a et z  
 1 9 4 6 - 2 0 1 1  



Li pi d A  Li pi d I V a 



A br a h a m Br a u d e , 1 9 1 7-1 9 8 4  



W a sti n g di s e a s e ( c a c h e xi a) i n a c o w wit h Afri c a n tr y p a n o s o mi a si s 



Pl a s m a tri gl y c eri d e  

L P L, A c C o A C, F A S  

L P L s u p pr e s si o n  
f a ct or 

T u m or s  

Ot h er  
ti s s u e 

E n d ot o xi n  Tr y p a n o s o m e f a ct or s  T u m or f a ct or s  

I nf e cti o n M ali g n a n c y  

A di p o c yt e  

?  

?  

L P L  

 

C a c h e cti n  

R A W 2 6 4. 7  
m a cr o p h a g e s  

3 T 3 -L 1  
pr e -a di p o c yt e s  

1 9 8 3  



I s ol ati o n of m o u s e c a c h e cti n 
• Pr e s s ur e di al y si s of m e di u m fr o m ~ 5 0 0 1 0 c m pl at e s 

of L P S -a cti v at e d R A W 2 6 4. 7 c ell s ( e arl y h ar v e st)  

• C o n A s e p h ar o s e c hr o m at o gr a p h y  

• I s o el e ctri c f o c u si n g i n a gl y c er ol gr a di e nt 

• Pr e p ar ati v e n ati v e g el el e ctr o p h or e si s  

• Pr e p ar ati v e S D S g el el e ctr o p h or e si s  

• Yi el d e d mi cr o gr a m q u a ntiti e s of a n a p p ar e ntl y p ur e 
1 7. 5 k D pr ot ei n wit h a p pr o xi m at el y 2 % yi el d of i niti al 
bi ol o gi c al a cti vit y ( pri or t o d e n at uri n g g el 
el e ctr o p h or e si s).  

• C a c h e cti n c o m pri s e d 1 -2 % of t h e pr ot ei n s e cr et e d b y 
R A W 2 6 4. 7 c ell s d uri n g t h e fir st t w o h o ur s f oll o wi n g 
L P S a cti v ati o n . 





T u m or n e cr o si s  
 a n d c yt ol y si s  

Tri gl y c eri d e s y nt h e si s,  
L P L , F A S  
 
A c C o A  c ar b o x yl a s e , 
gl y c er ol r el e a s e  

F A T  

T U M O R  

M A C R O P H A G E  
L P S  

T hi s r ai s e d t h e q u e sti o n: 
mi g ht T N F m e di at e all  

eff e ct s of L P S, i n cl u di n g 
t h e l et h al eff e ct ? 

T N F  



P urifi e d T N F mi mi c s L P S t o xi cit y  

D e n at ur e d  
T N F  

A cti v e  
T N F  

1 9 8 4  



T h e l et h al eff e ct of L P S i s att e n u at e d b y  
p a s si v e i m m u ni z ati o n a g ai n st T N F  

1 9 8 5  

N = 1 6 mi c e p er p oi nt  



T N F  





Tri gl y c eri d e 
s y nt h e si s, L P L, F A S, 
A c C o A  c ar b o x yl a s e , 
gl y c er ol r el e a s e  

F A T  

C yt ot o xi cit y, r e arr a n g e m e nt,  
n e utr o p hil a d h e si o n, M H C 
e x pr e s si o n, pr o c o a g ul a nt , 
P L A 2 . 
T hr o m b o m o d uli n  

E N D O T H E LI U M  

M A C R O P H A G E  

D e gr a n ul ati o n , e n d ot h eli al 
a d h e si o n, l y s o z y m e s e cr eti o n, 
s u p er o xi d e a ni o n pr o d u cti o n, 
H 2 O 2  r el e a s e, p h a g o c yt o si s  

 N E U T R O P HI L  

M U S C L E  T r a n s m e m br a n e p ot e nti al,  
gl u c o s e u pt a k e  

Pr olif er ati o n  
of T c ell s  

T C E L L S  

L P S  

T u m or n e cr o si s, 
c yt ol y si s  

T U M O R  

T N F  



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• R e si st a nt t o L P S ( H e p p n er a n d W ei s s, 1 9 6 5)  



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• F ail t o m a k e a c yt o ki n e r e s p o n s e t o L P S (f or 
e x a m pl e, n o T N F), s u g g e sti n g a pr o xi m al d ef e ct.  



C 3 H/ H e J  mi c e:  
r e si st a nt t o L P S 
( a n d o nl y  L P S)  

Vir u s e s  

R e s p o n si v e  U nr e s p o n si v e  

Gr a m n e g ati v e b a ct eri a  

R e s p o n si v e  

B a ct eri a  

N u cl ei c A ci d s  L P S  Fl a g elli n  Li p o pr ot ei n s  

R e s p o n si v e  

B a ct eri a  



C 3 H/ H e J b o n e m arr o w tr a n sf er t o C 3 H/ H e N a n d vi c e v er s a:  
s u s c e pti bilit y t o L P S -i n d u c e d l et h alit y i s d et er mi n e d b y t h e d o n or 

C 3 H/ H e J  
M arr o w  

C 3 H/ H e J  C 3 H/ H e N  

Ali v e  Ali v e  D e a d  D e a d  

C 3 H/ H e J M arr o w  C 3 H/ H e N M arr o w  C 3 H/ H e J M arr o w  C 3 H/ H e N M arr o w  

C 3 H/ H e N  
M arr o w  

L P S  
h  h  



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• H y p er s u s c e pti bl e t o a ut h e nti c G( -) i nf e cti o n s ( O’ bri e n, 
et al., 1 9 8 0; S v a n b or g -E d e n, et al., 1 9 8 3)  



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• L P S d o e s n ot w or k a s a n a dj u v a nt i n C 3 H/ H e J  mi c e 
( B. J. S ki d m or e et al, 1 9 7 6) 



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• Si n gl e l o c u s (L p s ); all eli c t o a m ut ati o n i n t h e L P S -r efr a ct or y 
C 5 7 B L/ 1 0 S c Cr str ai n (C o uti n h o  a n d M e o, 1 9 7 8).  



T h e C 3 H/ H e J M o u s e a n d  
t h e L p s  L o c u s  

• L p s  m a p p e d t o C hr. 4 b et w e e n M u p 1  a n d 
P ol y s y n d a ct yl y  l o ci b y W at s o n et al. i n 1 9 7 8.   



L P S  

C D 1 4  

?  
I κ B 

p 5 0  p 6 0  

T N F  

N F -κ B  

R. Ul e vit c h a n d c oll e a g u e s, 1 9 9 0  



C o n v e nti o n al s e ar c h e s f or a diff er e n c e b et w e e n  
C 3 H/ H e J a n d C 3 H/ H e N  

3. C o m p ari s o n s at  
t h e pr ot ei n l e v el. 

C 3 H/ H e J  C 3 H/ H e N  

1. Cr o s s i m m u ni z ati o n  
    of C 3 H/ H e J a n d  
    C 3 H/ H e N mi c e.  

M a cr o p h a g e  

C 3 H/ H e J  C 3 H/ H e N  

2. Tr a n sf e ct  c D N A       
fr o m C 3 H/H e N t o 

 C 3 H/ H e J  c ell s.  

c D N A  

C 3 H/ H e N c ell s  

m R N A  

C 3 H/ H e J   
c ell s  

A A A A A  

A A A A  

T N F ?  

A A A  

L P S  



B et s y  
L a yt o n  

Al e x a n d er  
P olt or a k  

Iri n a 
S mir n o v a  

C hri st o p h e  
V a n H uff el  



P o siti o n al cl o ni n g e nt ail s …  
   

• G e n eti c m a p pi n g (i n o ur c a s e, o n 2 0 9 3 
m ei o s e s)  

• P h y si c al m a p pi n g (i n o ur c a s e, e ntir e 
i nt er v al cl o n e d i n 6 6 B A C s a n d 2 Y A C s) 

• E x pl or ati o n f or g e n e s (i n o ur c a s e, 1 
a ut h e nti c g e n e s a n d 7 p s e u d o g e n e s ) 

• M ut ati o n i d e ntifi c ati o n  (fi n d t h e o n e a n d 
o nl y g e n eti c c h a n g e r e s p o n si bl e f or t h e 
p h e n ot y p e .   



1 9 9 3  



C o m p ari s o n of M o u s e a n d H u m a n L P S G e n e L o c u s  

 2 4  

 2 3  

 2 2  

 2 1  

 1 2  

 1 3  

 1 1  

 1 3  

 1 2  

 2 1. 1  

2 1. 2  

2 2. 3  

 2 2. 1  
2 2. 2  

 3 2  

 3 1  

 3 4. 1  

2 1. 3  

 3 3  

 1 1  

 3 4. 2  
 3 4. 3  

H u m a n 9  M o u s e 4  

T Y R P 1  

O R M  

T A L 2  

P A P P A  

I F N A 

P a p p a  

lf n a 
b  

T al 2  

H x b  
Or m 1  

p  

q  

M u p 1  

P s  



1  

L p s  

L p s  



1 9 9 5  



1 9 9 5  



M et h o d s f or fi n di n g g e n e s 
wit hi n B A C s  

• E x o n tr a p pi n g  

• H y bri di z ati o n s el e cti o n  

• C o m p ut ati o n al pr e di cti o n 
( G R AI L) 

• S h ot g u n s e q u e n ci n g a n d E S T 
d at a b a s e s e ar c hi n g  



Cr e ati o n of B A C s  

Fr a g m e nt ati o n  
of B A C s  

R e m ot e E S T d at a b a s e  

Cl o ni n g of Fr a g m e nt s  B L A S Ti n g   

V e ct or  

M a m m ali a n D N A  



L p s  

L p s  



L P S  L P S  I L-1  

T L R 4  C D 1 4  I L-1 R  

?  



C 3 H/ H e N  

C 3 H/ H e J  

S cr e e n s h ot of a m ut ati o n i n T L R 4 di sti n g ui s hi n g  
 C 3 H/ H e J  fr o m C 3 H/H e N  mi c e  

1 9 9 8  



O n N ort h er n bl ot a n al y si s, C 5 7 B L/ 1 0 S c Cr mi c e  
a p p e ar n ot t o e x pr e s s Tlr 4  

1 9 9 8  



R T -P C R al s o s h o w s n o n -e x pr e s si o n of Tlr 4 i n 
C 5 7 B L/ 1 0 S c Sr mi c e  

1 9 9 8  



Tlr 4 l p s-n  

Tlr 4 l p s-d  

C 3 H/ H e N  

C 3 H/ H e J  

…  …  

…  …  

F              I                 P              G              V  

F              I                 H              G              V  1 9 9 8  

7 1 2  



D el eti o n of 7 4 K i n t h e C 5 7 B L / 1 0 S c Cr m o u s e 

1 9 9 8  





B ut t h e q u e sti o n r e m ai n e d:  

W a s  t h er e dir e ct c o nt a ct b et w e e n 
 T L R a n d L P S ?  



Li pi d A:  
A g o ni st f or b ot h  

m o u s e a n d h u m a n  

Li pi d I V a: 
A g o ni st f or m o u s e;  

a nt a g o ni st f or h u m a n  



M o u s e  M o u s e  H u m a n  H u m a n  

C 3 H/ H e J  

R e s p o n si v e  

C 3 H/ H e J  C 3 H/ H e J  C 3 H/ H e J  

Li pi d A  Li pi d I V a Li pi d A  Li pi d I V a 

R e s p o n si v e  R e s p o n si v e  U nr e s p o n si v e  

T N F  T N F  T N F  



pl a s m a m e m br a n e  

TI R  

T L R 4  

M D -2  

L P S  

B S P ar k et al.  N at ur e  4 5 8,  7 2 4 2 ( 2 0 0 9)  
R S hi m a z u  et al., J E x p  M e d  1 8 9 , 1 1 ( 1 9 9 9

I m a g e cr e at e d u si n g P y M ol  Y.  X u  et al.  N at ur e  4 0 8,  6 8 0 8  ( 2 0 0 0) 



T L R 4  L P S  

M D -2  



>  >  >  >  >  >  >  >  

> > > > > > > > 

C D 1 4  

>  >  >  >  >  >  >  >  

> > > > > > > > 

M D -2  

T L R 4  L p s  T L R s  2, 1  T L R 3  T L R 7  T L R 5  T L R s  2, 6  T L R 9  

L P S  L P  

T h e r ol e of T L R 4 a s a s e n s or of L P S 
s u g g e st e d t h at ot h er mi cr o bi al li g a n d s 
w er e s e n s e d b y ot h er T L R s , a n d t h e 

s p e cifi cit y of m o st T L R s  w a s r e v e al e d b y  
k n o c ki n g t h e g e n e s o ut o n e at a ti m e, 

l ar g el y i n t h e A kir a l a b. 

C p G  s s R N A  Fl a g elli n  P ol y I: C  



N o w, t h e m o d e of bi n di n g of s e v er al li g a n d s t o T L R s i s u n d er st o o d  



D M T O L L 1      

H U M T L R 4  

L U -U 7 3 9 1 6  

F u n cti o n of t h e TI R d o m ai n  
 t hr o u g h o ut t h e tr e e of lif e 



P a m el a R o n al d,  
Di s c o v er er of X A 2 1  

I m a g e s c o urt e s y Dr. P a m el a R o n al d 

B a ct eri al bli g ht of ri c e  

X a nt h o m o n a s  or y z a e  (X o o ) 



M o n o c ot s ( Ri c e)  I n s e ct s ( Dr o s o p hil a) V ert e br at e s ( M o u s e)  





M a ki n g n e w p h e n ot y p e s i n mi c e  

*  *  

*  * *  * *  

* *  

*  *  

*  * *  

E N U  

G 1  

G 2  

G 3  

E N U  

C 5 7 B L/ 6  

A s of 9/ 2 0/ 1 1, > 1 5 1, 0 0 0  G 1 + G 3 mi c e 
pr o d u c e d.   ~ 6 0 c o di n g/ s pli ci n g  
c h a n g e s p er s p er m.  

  

  

  

  

M a s k  

B u si n e s s Cl a s s  W T  



T h e pr o c e s s of fi n di n g m ut ati o n s w a s 
gr e atl y a c c el er at e d b y t h e s e q u e n ci n g 

a n d a n n ot ati o n of t h e m o u s e g e n o m e …  

 N e v er a g ai n w a s it n e c e s s ar y t o m a k e a 
B A C c o nti g  or s e ar c h f or g e n e s.  



M GI g e n o m e br o w s er (t y pi c al vi e w)  



M a s si v el y p ar all el s h ort r e a d s e q u e n ci n g h a s m a d e 
t ar g et e d e x o n s e q u e n ci n g u n n e c e s s ar y i n m o st c a s e s. 

• T h e c o st of s e q u e n ci n g a m o u s e g e n o m e t o > 9 0 % c o v er a g e i s 
n o w a b o ut $ 3, 0 0 0.  A b o ut 4 m o u s e g e n o m e s c a n b e 
s e q u e n c e d p er w e e k i n o ur l a b.  

• T h e pri c e p er b a s e p air c o nti n u e s t o dr o p b y a b o ut 8 0 % e a c h 
y e ar.  

• Wit h mi ni m al m a p pi n g, it i s p o s si bl e t o fi n d m ut ati o n s e xtr e m el y 
q ui c kl y.  

  



T L R 7  T L R 9  



Fr o m g e n eti c s t o str u ct ur e s t o m e c h a ni s m …  



I n pl a s m a c yt oi d  d e n driti c c ell s, s p e ci ali z e d  
m a c hi n er y i s n e e d e d f or T L R si g n ali n g  

s alt a n d p e p p er  

Di s bi n di n  





M ut ati o n s w e h a v e f o u n d t o c a u s e M C M V s u s c e pti bilit y  



B e utl er L a b, D e c e m b er 1 5, 2 0 0 9  

N a n c y  
N el s o n  

B et s y  
L a yt o n  

Ci n d y  
B o ult o n  

C h arl e s  
R o s s  Y u  

Xi a  

D a n  
P o p ki n  

P hili p p e  
Kr e b s  

C arri e  
Ar n ol d  

C eli n e  
Ei d e n s c h e n k  

C h ri sti n a  
N e p pl  

K at hi  
Br a n dl  

Xi a o h o n g  
Li  

P ei  
Li n  Xi n  

D u  

Mi c h a  
B er g er  

N o r a  
S m art  

S u n y o n g  
W o n  E v a  

M o r e s c o  

C h ri sti n e  
D o mi n g o  

Li z  
Fl o r e s  

El ai n e  
Piri e  

S ar a  
K ali n a  

Br u c e  
B e utl er  Di a nt h a  

L a Vi n e  

St e p h e n  
L y o n  

L ei  
S u n  

H u a  
H u a n g  

A m a n d a  
Bl a si u s  

O w e n  
Si g g s  L ar a  

Kri e g  

W at ar u  
T o mi s at o  



Ot h er s n ot s h o w n i n t h e l a st sli d e  

• Ji a n gf a n  Ji a n g  

• K a s p er H o e b e  

• B e n Cr o k er  

• K oi c hi T a b et a  

• K ari n e Cr o z at  

• S o p hi e R ut s c h m a n n  

• P hili p p e G e or g el  



F or t h e cl o ni n g of t h e L p s  
l o c u s 

• Al e x a n d er P olt or a k  
• Iri n a S mir n o v a  
• C hri st o p h e V a n H uff el  
• B et s y L a yt o n  
• Xi a ol o n g  H e  
• M u -Y a Li u  
• Xi n D u  
• D al e Bir d w ell  
• Eri c a Al ej o s  

 
• C hri s G al a n o s  a n d M ari n a Fr e u d e n b er g ( M a x Pl a n c k I n stit ut e f ur 

I m m u n bi ol o gi e, Fr ei b ur g) 
 

• P a ol a Ri c ci ar di -C a st a g n oli ( U ni v er sit y of Mil a n)  
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Galen 
129 – 199, AD 


Hippocrates 
460 - 370, BCE 


Moses ben-Maimon 
(Maimonides) 
1135-1204, AD 


Infections and their transmissible 
character were known in antiquity… 


 


 
 


Staphylococcus aureus 


Neisseria meningitidis Herpes simplex 


Chlamydia trachomatis Tinea faciei 


Measles 







Antonie  van Leeuwenhoek 
1632 - 1723 


…while microbes were only discovered in 
the 17th century… 







…and the association between microbes and 
infection was only discovered in the 19th century. 


Louis Pasteur 
1822-1895 


Robert Koch 
1843-1910 







What might be the nature of contact between microbe and host? 


? 







Soon after microbes were discovered, it was appreciated that 
mammals recognize them as foreign and mount an intense 


inflammatory response 


In 1891, Richard Pfeiffer, a 
student of Robert Koch, noted 
that heat-killed microbes 
caused a violent reaction in 
guinea pigs soon after they 
were injected into these 
animals.  He coined the term 
“endotoxin” to describe the 
poisonous, heat-stable 
principle associated with 
bacteria, responsible for fever, 
inflammation, shock and 
sometimes death. 
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Biosynthesis of Lipid A 


Christian R.H. Raetz 
 1946 - 2011 







Lipid A Lipid IVa 







Abraham Braude, 1917-1984 







Wasting disease (cachexia) in a cow with African trypanosomiasis 
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3T3-L1 
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1983 







Isolation of mouse cachectin 
• Pressure dialysis of medium from ~500 10 cm plates 


of LPS-activated RAW 264.7 cells (early harvest) 
• ConA sepharose chromatography 
• Isoelectric focusing in a glycerol gradient 
• Preparative native gel electrophoresis 
• Preparative SDS gel electrophoresis 
• Yielded microgram quantities of an apparently pure 


17.5 kD protein with approximately 2% yield of initial 
biological activity (prior to denaturing gel 
electrophoresis). 


• Cachectin comprised 1-2% of the protein secreted by 
RAW 264.7 cells during the first two hours following 
LPS activation. 











Tumor necrosis 
 and cytolysis 
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TUMOR 


MACROPHAGE LPS 


This raised the question: 
might TNF mediate all 


effects of LPS, including 
the lethal effect? 


TNF 







Purified TNF mimics LPS toxicity 


Denatured 
TNF 
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1984 







The lethal effect of LPS is attenuated by 
passive immunization against TNF 


1985 


N = 16 mice per point 







TNF 
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glycerol release 
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Degranulation, endothelial 
adhesion, lysozyme secretion, 
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H2O2 release, phagocytosis 
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The C3H/HeJ Mouse and 
the Lps Locus 


• Resistant to LPS (Heppner and Weiss, 1965) 







The C3H/HeJ Mouse and 
the Lps Locus 


• Fail to make a cytokine response to LPS (for 
example, no TNF), suggesting a proximal defect. 







C3H/HeJ mice: 
resistant to LPS 
(and only LPS) 


Viruses 


Responsive Unresponsive 


Gram negative bacteria 
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Bacteria 
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C3H/HeJ bone marrow transfer to C3H/HeN and vice versa: 
susceptibility to LPS-induced lethality is determined by the donor 
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The C3H/HeJ Mouse and 
the Lps Locus 


• Hypersusceptible to authentic G(-) infections (O’brien, 
et al., 1980; Svanborg-Eden, et al., 1983) 







The C3H/HeJ Mouse and 
the Lps Locus 


• LPS does not work as an adjuvant in C3H/HeJ mice 
(B.J. Skidmore et al, 1976) 







The C3H/HeJ Mouse and 
the Lps Locus 


• Single locus (Lps); allelic to a mutation in the LPS-refractory 
C57BL/10ScCr strain (Coutinho and Meo,1978). 







The C3H/HeJ Mouse and 
the Lps Locus 


• Lps mapped to Chr. 4 between Mup1 and 
Polysyndactyly loci by Watson et al. in 1978.   
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R. Ulevitch and colleagues, 1990 







Conventional searches for a difference between  
C3H/HeJ and C3H/HeN 


3. Comparisons at 
the protein level. 


C3H/HeJ C3H/HeN 


1. Cross immunization 
    of C3H/HeJ and  
    C3H/HeN mice. 


Macrophage 


C3H/HeJ C3H/HeN 


2. Transfect cDNA      
from C3H/HeN to 


 C3H/HeJ cells.  
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Positional cloning entails… 
   


• Genetic mapping (in our case, on 2093 
meioses) 


• Physical mapping (in our case, entire 
interval cloned in 66 BACs and 2 YACs) 


• Exploration for genes (in our case, 1 
authentic genes and 7 pseudogenes) 


• Mutation identification (find the one and 
only genetic change responsible for the 
phenotype.   
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Comparison of Mouse and Human LPS Gene Locus  
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Methods for finding genes 
within BACs 


• Exon trapping 
• Hybridization selection 
• Computational prediction 


(GRAIL) 
• Shotgun sequencing and EST 


database searching 







Creation of BACs 


Fragmentation 
of BACs 


Remote EST database 


Cloning of Fragments BLASTing  


Vector 
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Screen shot of a mutation in TLR4 distinguishing 
 C3H/HeJ from C3H/HeN mice 


1998 







On Northern blot analysis, C57BL/10ScCr mice 
appear not to express Tlr4 


1998 







RT-PCR also shows non-expression of Tlr4 in 
C57BL/10ScSr mice 


1998 
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Deletion of 74K in the C57BL/10ScCr mouse 


1998 











But the question remained: 


Was there direct contact between 
 TLR and LPS? 







Lipid A: 
Agonist for both 


mouse and human 


Lipid IVa: 
Agonist for mouse; 


antagonist for human 
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BS Park et al. Nature 458, 7242 (2009) 
R Shimazu et al., J Exp Med 189, 11 (1999


Image created using PyMol Y. Xu et al. Nature 408, 6808 (2000) 
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LPS LP 


The role of TLR4 as a sensor of LPS 
suggested that other microbial ligands 
were sensed by other TLRs, and the 


specificity of most TLRs was revealed by 
knocking the genes out one at a time, 


largely in the Akira lab. 


CpG ssRNA Flagellin Poly I:C 







Now, the mode of binding of several ligands to TLRs is understood 
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Function of the TIR domain 
 throughout the tree of life 







Pamela Ronald, 
Discoverer of XA21 


Images courtesy Dr. Pamela Ronald 


Bacterial blight of rice 


Xanthomonas oryzae (Xoo) 
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Making new phenotypes in mice 


* * 
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G1 
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ENU 
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As of 9/20/11, >151,000 G1 + G3 mice 
produced.   ~60 coding/splicing 
changes per sperm. 
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The process of finding mutations was 
greatly accelerated by the sequencing 


and annotation of the mouse genome… 


 Never again was it necessary to make a 
BAC contig or search for genes. 







MGI genome browser (typical view) 







Massively parallel short read sequencing has made 
targeted exon sequencing unnecessary in most cases. 


• The cost of sequencing a mouse genome to >90% coverage is 
now about $3,000.  About 4 mouse genomes can be 
sequenced per week in our lab. 


• The price per base pair continues to drop by about 80% each 
year. 


• With minimal mapping, it is possible to find mutations extremely 
quickly. 
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From genetics to structures to mechanism… 







In plasmacytoid dendritic cells, specialized 
machinery is needed for TLR signaling  
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Mutations we have found to cause MCMV susceptibility 







Beutler Lab, December 15, 2009 
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Others not shown in the last slide 


• Jiangfan Jiang 
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For the cloning of the Lps 
locus 


• Alexander Poltorak 
• Irina Smirnova 
• Christophe Van Huffel 
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• Xiaolong He 
• Mu-Ya Liu 
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• Chris Galanos and Marina Freudenberg (Max Planck Institute fur 


Immunbiologie, Freiburg) 
 


• Paola Ricciardi-Castagnoli (University of Milan) 
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