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Analysis of lines of mice selected for fat content 
3. Flux through the de novo lipid synthesis pathway 
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Summary 

T h e flux t h r o u g h the de novo fa t ty ac id syn thes i s p a t h w a y w a s e s t i m a t e d in l ines of mice w h i c h 
differed s u b s t a n t i a l l y in fat c o n t e n t fo l lowing 26 g e n e r a t i o n s of se lec t ion a t 10 w e e k s of age . 
P r e v i o u s e s t i m a t e s o f l i pogen ic e n z y m e act iv i t ies h a d i n d i c a t e d a n inc rease in t he c a p a c i t y for 
l ipogenes is in t he F a t c o m p a r e d to t h e L e a n l ine. T h e r e f o r e t he in vivo flux in l ipogenes i s w a s 
m e a s u r e d in b o t h l iver a n d g o n a d a l fat p a d ( G F P ) t i ssues o f m a l e s a t 5 a n d 10 w e e k s of age , u s ing 
the r a t e of i n c o r p o r a t i o n o f 3 H f r o m 3 H 2 0 a n d 1 4 C f r o m a c e t a t e a n d c i t r a t e i n t o t o t a l l ip ids . A t 
b o t h ages a n d in b o t h t i ssues t h e F a t l ine h a d a h i g h e r flux, a b o u t 2 0 % inc rease in t h e l iver a n d 
u p to th ree - fo ld inc rease ( r a n g e 1-2- t o 3-4-fold) in t he G F P . W e c o n c l u d e t h a t d i r ec t se lec t ion for 
fa tness in mice h a s r e su l t ed in m e t a b o l i c c h a n g e s in t h e r a t e of de novo fa t ty ac id syn thes i s , a n d 
t h a t the c h a n g e s a r e largely d e t e c t a b l e be fo re 10 w e e k s , t h e a g e o f se lec t ion . 

1. Introduction 

T h i s s t u d y uti l izes l ines of mice d ive rgen t ly se lected 
for b o d y fat c o n t e n t . T h e s e w e r e p a r t of a l a rge r 
selection p r o g r a m m e to c r e a t e a r e s o u r c e for p h y s i o 
logical a n d b i o c h e m i c a l ana ly se s of t he bas i s o f 
genet ic c h a n g e s in t r a i t s of g r o w t h a n d c o m p o s i t i o n 
(Sha rp , Hill & R o b e r t s o n , 1984) . D e p e n d i n g o n age , 
the F a t a n d L e a n F l ines differed t w o - f o l d o r m o r e in 
fat c o n t e n t a t g e n e r a t i o n 26 , w h e n th is s t u d y w a s 
c o n d u c t e d ( H a s t i n g s & Hi l l , 1989 , 1 9 9 0 ; I . M . 
Has t ings , p e r s o n a l c o m m u n i c a t i o n ) . P r e v i o u s s tud ies 
on these lines h a v e s h o w n t h a t t he specific ac t iv i t ies o f 
enzymes g e n e r a t i n g N A D P H , a n essent ia l c o f a c t o r 
for l ipogenesis , a r e a b o u t two- fo ld h ighe r in t he F a t 
t h a n the L e a n lines ( A s a n t e , Hi l l & Bulfield, 1989) , 
a n d t h a t the specific ac t iv i t ies of e n z y m e s in t he de 
novo fatty ac id synthes is p a t h w a y a r e 2- t o 3-5-fold 
higher in the F a t l ine, p a r t i c u l a r l y in t he g o n a d a l fat 
p a d of y o u n g mice ( H a s t i n g s & Hi l l , 1990) . U n s e l e c t e d 
con t ro l s were genera l ly i n t e r m e d i a t e b e t w e e n t h e F a t 
a n d Lean lines. 

These p rev ious resu l t s i n d i c a t e t h a t l i pogen ic 
capac i ty in the F a t line h a s i nc r ea sed , p a r t i c u l a r l y in 
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t h e fat p a d , be fo re 10 w e e k s , t h e age a t se lec t ion in 
these l ines . I t is n o t k n o w n , h o w e v e r , w h e t h e r th is 
i nc rease in p o t e n t i a l for l i pogen ic ac t iv i ty ac tua l ly 
resu l t s in a n inc rease in l i pogen ic flux in vivo ( as m i g h t 
b e e x p e c t e d ) . T h i s s t u d y w a s t he r e fo r e u n d e r t a k e n t o 
d e t e r m i n e t he flux by m e a s u r i n g the r a t e o f in
c o r p o r a t i o n of 3 H f rom 3 H 2 0 a n d o f 1 4 C f r o m a c e t a t e 
a n d c i t r a t e . T h i s w a s n e c e s s a r y b e c a u s e s ignif icant 
differences in d e g r a d a t i o n r a t e s a l o n e c o u l d a c c o u n t 
for t h e o b s e r v e d differences in fat c o n t e n t . 

2. Materials and methods 

(i) Animals 

D e t a i l s of t he o r ig in s of t he l ines ( the F l ines) a n d the 
se lec t ion p r o c e d u r e a r e g iven e l s ewhere ( S h a r p et al. 
1 9 8 4 ; H a s t i n g s & Hi l l , 1989 , 1990) . Briefly, t h r e e 
r ep l i ca te s o f F a t a n d L e a n l ines w e r e se lected for 20 
g e n e r a t i o n s f r o m the s a m e b a s e p o p u l a t i o n u s ing the 
r a t i o o f g o n a d a l fat p a d w e i g h t ( G F P W ) t o b o d y 
w e i g h t o f m a l e s a t 10 w e e k s o f age as t h e c r i t e r i on of 
fa tness . T h e 3 F a t r ep l i ca tes w e r e t h e n i n t e r c r o s s e d t o 
f o r m a n e w F a t l ine ( F 6 F a t ) , a n d s imi la r ly for t he 
L e a n s ( F 6 L e a n ) , w i t h o u t r ep l i ca tes . Se lec t ion w a s 
c o n t i n u e d in F 6 , n o w u s i n g t h e r a t i o o f d r y w e i g h t t o 
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T a b l e 1. Mean body weight (BW), liver weight (LW) and gonadal fat 
pad weight (GFPW) of mice injected with SH20, [\,5-uC]citrate and 
[U-uC]acetate at 5 and 10 weeks of age, and ratios of means (F/L ratio) 
averaged over treatments" 

Experiment 
(tracer used) 3 H , 0 [l,5-14C]citrate [U-14C]acetate F/L ratio 

5 weeks 
BW (g) Fat 18-6 25-7 25-8 

Lean 24-9 25-6 24-7 0-93 
LW (g) Fat 1-04 1-37 1-60 

Lean 1-43 1-34 1-36 0-97 
GFPW (g) Fat 0-143 0-317 0-310 

Lean 0-115 0139 0119 
10 weeks 

206 

BW (g) Fat 35-9 43-1 39-7 
Lean 300 34-4 32-7 1-22 

LW (g) Fat 1-94 1-79 1-91 
Lean 1-59 1-46 1-63 1-21 

GFPW (g) Fat 100 1-55 1-35 
Lean 0-241 0-279 0-234 5-17 

" n = 8 mice per cell, except for [l,5-14C]citrate in Lean line at 5 and 10 weeks 
where n = 1. 

wet b o d y w e i g h t o f m a l e s a t 14 w e e k s a s a c r i t e r i o n o f 
overa l l f a tness , G F P in t he L e a n l ines h a v i n g b e c o m e 
very smal l . C o n t e m p o r a n e o u s unse l ec t ed c o n t r o l 
p o p u l a t i o n s w e r e n o t m a i n t a i n e d for use in t he p r e s e n t 
s tudy . M i c e for t he p r e s e n t s t u d y were s a m p l e d f rom 
g e n e r a t i o n 26 (i.e. six g e n e r a t i o n s af ter l ines were 
c rossed) . 

(ii) Experimental 

T h r e e g r o u p s of e igh t mice w e r e s a m p l e d f r o m e a c h of 
t he lines a t b o t h 5 a n d 10 w e e k s o f a g e a n d injected 
i n t r a p e r i t o n e a l l y w i t h 1-5 m C i of 3 H 2 0 o r 5 /id [U-
1 4 C ] a c e t a t e o r 5 /iC\ [ l , 5 - 1 4 C ] c i t r a t e , e a c h in 0 1 m l 
sal ine ( 0 - 9 % w / v ) . T h e mice were left in a fume 
c u p b o a r d for 60 m i n af ter 3 H 2 0 in jec t ion a n d 30 m i n 
after a c e t a t e o r c i t r a t e in jec t ions , t h e l inear i ty o f 
r a d i o l a b e l i n c o r p o r a t i o n f r o m e a c h s u b s t r a t e i n t o 
liver a n d G F P t issues h a v i n g b e e n c h e c k e d in 
p r e l i m i n a r y e x p e r i m e n t s . A t these t imes af ter in jec t ion , 
t he mice were a n a e s t h e t i z e d w i t h d i e t h y l - e t h e r a n d t h e 
a b d o m i n a l cav i ty q u i c k l y o p e n e d u p . 

T h e h e a r t w a s p u n c t u r e d a n d b l o o d s a m p l e s w e r e 
col lec ted w i t h syr inges r insed wi th 5 % h e p a r i n a n d 
a l i q u o t e d i n t o h e p a r i n i z e d E p p e n d o r f t u b e s . T h e l iver 
a n d G F P w e r e qu ick ly r e m o v e d , we ighed , f rozen in 
l iquid n i t r o g e n a n d s t o r e d a t — 80 ° C . T o t a l l ip ids 
were e x t r a c t e d a c c o r d i n g to t h e m e t h o d o f F o l c h , Lee 
& S l o a n e - S t a n l e y (1957) as f o l l o w s : t he C h l o r o f o r m 
p h a s e (5 ml ) c o n t a i n i n g t h e t o t a l l ip ids w a s careful ly 
p i p e t t e d i n t o min i - sc in t i l l a t i on vials a n d d r i ed u n d e r 
air . R a d i o a c t i v i t y in t he d r i e d t o t a l l ip ids w a s c o u n t e d 
in a sc in t i l l a t ion c o u n t e r af ter a d d i t i o n of 0-5 m l 
m e t h a n o l a n d 4 ml O p t i p h a s e M P . T h e specific 
r a d i o a c t i v i t y of 3 H in p l a s m a of each m o u s e w a s 
d e t e r m i n e d by c o u n t i n g 10 ju\ o f 100-fold d i l u t e d 

p l a s m a . T h e w e i g h t of w a t e r in 1 0 m l of p o o l e d 
p l a s m a w a s d e t e r m i n e d for t h e g r o u p rece iv ing 3 H 2 0 
a n d th is w a s used t o c o n v e r t t he c o u n t s in d p m for 
e a c h m o u s e t o fig 3 H p e r g r a m t i ssue ( R a t h & T h e n e n , 
1980) . T h i s c o n v e r s i o n a c c o u n t s for i s o t o p e d i l u t i o n 
a n d e r r o r s in t he a m o u n t s o f r a d i o a c t i v i t y a d m i n 
i s t e red p e r m o u s e . P r o t e i n c o n t e n t s ( m g / g ) of t he liver 
a n d G F P t i ssue w e r e d e t e r m i n e d as p rev ious ly 
d e s c r i b e d ( A s a n t e et al. 1989) . M e a n s for e a c h age-
label subc la s s were u s e d to c o n v e r t c o u n t s pe r g r a m 
t i ssue t o c o u n t s pe r m g p r o t e i n . 

(iii) Statistical 

D a t a o n c o u n t s were t r a n s f o r m e d to l o g a r i t h m s to 
r e d u c e h e t e r o g e n e i t y o f v a r i a n c e a n d n o n - n o r m a l i t y . 
R e s u l t s g iven in the t ab l e s a r e o f b a c k t r a n s f o r m e d 
m e a n s , w i t h s t a n d a r d e r r o r s a l so o b t a i n e d by b a c k 
t r a n s f o r m a t i o n as a l inear a p p r o x i m a t i o n . T h e r a t i o s 
o f m e a n s for F a t a n d L e a n lines w e r e tes ted for 
d e p a r t u r e f rom un i ty , u s i n g t t es t s o f t h e difference o f 
log m e a n s . R e s u l t s w e r e a l so p o o l e d o v e r ages , t i ssues 
a n d s u b s t r a t e s , u s i n g the log m e a n s w e i g h t e d by the 
inverse o f the i r v a r i a n c e . 

3. Results 

T h e m e a n b o d y , l iver a n d g o n a d a l fat p a d w e i g h t s a r e 
s h o w n in T a b l e 1 ; t h e g r o u p a t 5 w e e k s f rom the F a t 
l ine injected wi th 3 H 2 0 h a d a l o w e r m e a n b o d y we igh t 
t h a n u s u a l for these l ines , b u t t h e r e w a s n o i n d i c a t i o n 
t h a t o t h e r resu l t s w e r e u n u s u a l for these mice ( H a s t i n g s 
& Hi l l , 1989) . By 10 w e e k s of age t h e G F P W of t he 
F a t l ine w a s ove r s ix-fold h i g h e r t h a n t h a t of t he L e a n 
a n d a s a r a t i o o f b o d y w e i g h t w a s five-fold h igher . In 
t he liver t h e r a t e o f i n c o r p o r a t i o n o f 3 H a n d l 4 C i n to 
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T a b l e 2. Mean" ( + S.E.) 6 rate of incorporation of radioactivity (3H or 
1 4 C ) into liver and gonadal fat pad (GFP) total lipids of three groups 
of Fat and Lean mice injected with either 3H20 (jig 3H per mg protein), 
[\,5-uC\citrate {dpm x \03/mg protein) or [U-uC]acetate (dpm x \03/mg 
protein) at 5 and 10 weeks of age 

3 H 2 0 [l,5-14C]citrate [U-14C]acetate 

Liver 
5 weeks 

Fat 1-272 ±0-087 0-257 + 0-17 3-70 + 0-63 
Lean 1-119 + 0065 0-213 + 0-15 2-91+0-95 
F/L ratio 

10 weeks 
114 + 010 1-22 + 0-11 1-27 ±0-46 

Fat 1-048 + 0-098 0-311+0-038 3-55 + 0-79 
Lean 0-872 + 0-057 0-242 + 0-029 2-84 + 0-54 
F/L ratio 1-20 + 0-14 1-29 + 0-22 

GFP 
l-25±0-37 

5 weeks 
Fat 2-936 ±0-941 0-576 + 0-104 51-7+17-3 
Lean 1-933 + 0-294 0-469 + 0-054 19-9 + 3-6 
F/L ratio 

10 weeks 
1-52 ±0-54 l-23±0-26 2-60 ±0-99* 

Fat 0-717±0-101 0-565 + 0-076 30-3 + 15-8 
Lean 0-515 + 0-047 0-281 ±0-038 8-86 + 2-91 
F/L ratio 1-39 ±0-23 2-01 ±0-38** 

Meanc 

3-42 + 2-06 

F/L ratio 1-23 + 009* 1-32 ±0-09** 1-65 + 0-31** 

* P < 005; **P< 001; test for F/L ratio > 1. 
0 n = 8 observations per cell, except for [l,5-14C]citrate in lean at 5 and 10 weeks 
where n = 1. 
b Log transformed data were analysed. Back transformed means and standard 
errors shown. 
c Weighted means using log transformed data, with approximate standard errors. 

to ta l l ip ids w a s cons i s t en t ly a b o u t 20 % h i g h e r in t h e 
F a t t h a n t h e L e a n line a t b o t h ages in all t h r e e g r o u p s 
of mice , a l t h o u g h th i s w a s n o t s ignif icant ( T a b l e 2) . In 
the g o n a d a l fat p a d the differences b e t w e e n l ines w e r e 
m o r e va r i ab l e t h a n in the liver d e p e n d i n g o n t h e t y p e 
of r a d i o l a b e l e d s u b s t r a t e used ( T a b l e 2) . T h e r a t i o o f 
F a t t o L e a n a n i m a l s in r a t e o f i n c o r p o r a t i o n r a n g e d 
f rom 1-2 t o 2-6 a t 5 w e e k s a n d f rom 1-4 t o 3-4 a t 10 
weeks . M e a n r a t e s genera l ly d r o p p e d f r o m 5 t o 10 
weeks in t he G F P , b u t n o t in t he liver, b o t h w h e n 
expressed p e r m g p r o t e i n ( T a b l e 2) a n d pe r g r a m 
t issue ( d a t a n o t s h o w n ) . M e a n r a t i o s o f F a t t o L e a n 
( c o m p u t e d f rom the log t r a n s f o r m e d d a t a ) sig
nificantly exceeded un i t y for each s u b s t r a t e . 

T h e r a t e o f i n c o r p o r a t i o n of 1 4 C in to h e p a t i c t o t a l 
l ipids in b o t h selected l ines f rom a c e t a t e w a s m u c h 
h ighe r t h a n f rom c i t r a t e a t b o t h ages in all l ines ( T a b l e 
2). I n t he liver t h e r e w a s a n a p p r o x i m a t e l y 12-fold 
difference a t b o t h ages in b o t h l ines w h e r e a s in t he 
G F P , t he r a t i o r a n g e d f r o m 30 to 90 , be ing h i g h e r in 
the F a t l ines a n d a t t he y o u n g e r age . 

4. Discussion 

T w o re l evan t b i o c h e m i c a l i n v e s t i g a t i o n s h a v e p r e 
v ious ly been u n d e r t a k e n o n these F l ines . F i r s t , t he 
specific act ivi t ies were d e t e r m i n e d (per m g p r o t e i n ) a t 

5 a n d 10 w e e k s of age in t he liver a n d G F P of four 
N A D P H - g e n e r a t i n g e n z y m e s : g lucose 6 - p h o s p h a t e 
d e h y d r o g e n a s e , 6 - p h o s p h o g l u c o n a t e d e h y d r o g e n a s e , 
m a l i c e n z y m e a n d i soc i t r a te d e h y d r o g e n a s e ( A s a n t e et 
al. 1989) . T h e i r act ivi t ies were in genera l h ighe r in t he 
F a t l ines a n d the larges t differences were in t he G F P 
a t 5 w e e k s o f a g e w h e r e t he r a t i o o f F a t t o L e a n lines 
w e r e 1-31, 1-11, 2-25 a n d 1-27, respect ively ( T a b l e 3). 
S e c o n d , specific act ivi t ies were e s t ima ted a t t h e s a m e 
ages for six e n z y m e s invo lved in de novo l i pogenes i s : 
A T P - c i t r a t e lyase ( A C L ) , acetyl c o e n z y m e A c a r b o x y 
lase ( A C C ) , fa t ty ac id syn the t a se ( F A S ) , c y t o p l a s m i c 
m a l a t e d e h y d r o g e n a s e ( M D H ) , ma l i c e n z y m e ( M E ) 
a n d p y r u v a t e k i n a s e ( P K ) ( H a s t i n g s & Hil l , 1990) 
( T a b l e 3) . Act ivi t ies were genera l ly h ighe r in t he F a t 
l ine a n d a g a i n t he la rges t differences o c c u r r e d in t h e 
G F P a t 5 w e e k s , w h e r e for t he F 6 lines t h e r a t i o s of 
F a t t o L e a n for A C L , A C C , F A S ( the t h r e e m a i n 
e n z y m e s d i rec t ly involved in the de novo syn thes i s 
p a t h w a y ) a n d M E were 3-53, 2-37, 2-52 a n d 3-51, 
respec t ive ly . T w o o t h e r enzymes n o t d i rec t ly o r solely 
i n v o l v e d in l ipogenes is , M D H a n d P K , s h o w e d little 
difference in ac t iv i ty be tween F a t a n d L e a n l ines . 

T h e differences in l ipogenic a n d N A D P H - g e n 
e r a t i n g e n z y m e act ivi t ies ind ica ted t h a t t h e F a t l ines 
h a v e a n e leva ted capac i t y for l ipogenes is a n d the 
resu l t s o f t h e p r e s e n t s t u d y conf i rm t h a t l ipogenes i s in 
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T a b l e 3. Summary of differences (F/L ratios) in enzyme activities and 
lipogenic fluxes between Fat and Lean F line or F6 mice 

5 weeks 10 weeks 

Liver GFP Liver GFP 

Enzyme activities ° 
G 6 P D H 1-56 1-31 0-99 1 0 5 
6 P G D H 1-43 1-11 1 1 6 1-48 
ME 1-26 2-25 1 1 7 2-26 
IDH 1-15 1-27 1 0 6 1-47 

ACL" 1-52 3-53 1 0 5 1-53 
ACC 1 1 2 2-37 0-97 1-52 
FAS 1-21 2-52 1-04 1-46 
MDH 0-99 1 0 9 1-02 0-81 
ME 1-29 3-51 1-13 1-57 
PK 1 1 1 1-38 1-03 0-85 

Fluxc 

3 H 2 O 1 1 4 2-15 1-22 1-45 
[U-14C]acetate 1-11 3-14 1-30 4-21 
[l,5-14C]citrate 1-23 1-31 1-30 1-99 

Table was derived from Asante et al. (1989)° , Hastings & Hill ( 1 9 9 0 ) 6 and the 
present paperc. 

vivo h a s i n d e e d b e e n a l t e r e d b y d i v e r g e n t se lec t ion for 
fa tness . T h e r e a r e t h r e e c h a r a c t e r i s t i c f ea tu re s of t he 
p r e s e n t s t u d y t h a t a r e c o m m o n t o t he s tud ies o f 
A s a n t e et al. (1989) a n d H a s t i n g s & Hil l (1990) . F i r s t , 
t he m a g n i t u d e of t h e differences b e t w e e n l ines ( r a t i o 
of F a t / L e a n ) in l ipogen ic r a t e s o r e n z y m e act iv i t ies 
were less in liver t h a n in t he G F P , p e r h a p s b e c a u s e t h e 
G F P is a re la t ively m o r e ac t ive site for l ipogenes i s o r 
p e r h a p s b e c a u s e se lec t ion u p t o g e n e r a t i o n 20 w a s 
p r a c t i s e d d i rec t ly o n th is o r g a n ( a l t h o u g h o t h e r fat 
d e p o t s a l so r e s p o n d e d t o se lec t ion) . 

S e c o n d , w h e r e a s a b s o l u t e ac t iv i t ies in t h e liver 
r e m a i n e d largely u n c h a n g e d a c r o s s ages , in t he G F P 
t h e r e w a s a c o n s i s t e n t dec l ine in a b s o l u t e ac t iv i t ies 
f rom 5 t o 10 w e e k s of age . T h i r d , in all t h r e e s tud ie s , 
be tween - l i ne differences ( r a t i o of F a t / L e a n ) w e r e 
genera l ly as h i g h o r h i g h e r a t 5 w e e k s as a t 10 w e e k s 
of age ( the age w h e n se lec t ion w a s p r a c t i s e d ) , t he o n l y 
e x c e p t i o n be ing t h a t t h e difference in i n c o r p o r a t i o n o f 
1 4 C s u b s t r a t e s i n t o G F P w a s l o w e r a t 5 w e e k s ( T a b l e 
2). A l t h o u g h t h e F 6 l ines u s e d in t he p r e s e n t s t u d y a r e 
n o t r ep l i ca t ed , t he p r e v i o u s ana ly se s o f e n z y m e 
act ivi t ies genera l ly s h o w e d g o o d a g r e e m e n t a m o n g 
the r ep l i ca ted F l ines ( f rom w h i c h t h e F 6 w e r e 
de r ived) . 

R a d i o l a b e l s p r o v i d e a p o w e r f u l t o o l for e s t i m a t i n g 
flux t h r o u g h the l ipid syn thes i s p a t h w a y , b u t t h e r e a r e 
p r o b l e m s i n h e r e n t in t he t e c h n i q u e s i nvo lved . T h e r e 
c a n be a h igh v a r i a n c e b e t w e e n e s t i m a t e s (see for 
e x a m p l e , s t a n d a r d e r r o r s for a c e t a t e in G F P in T a b l e 
2) , a n d the cho ice of r a d i o l a b e l l e d s u b s t r a t e s a p p e a r s 
t o g rea t ly inf luence e x p e r i m e n t a l r esu l t s . I t h a s b e e n 
a r g u e d t h a t w h e r e a s 3 H f r o m 3 H 2 0 is i n c o r p o r a t e d 
in to newly f o r m e d l ip ids r e g a r d l e s s o f s o u r c e of 
s u b s t r a t e o r c a r b o n , 1 4 C p r e c u r s o r s a r e subjec t t o 

i s o t o p e d i l u t i o n f rom e n d o g e n o u s u n l a b e l l e d ace ty l -
C o A , especia l ly in t h e liver ( H e m s , R a t h & T e r e n c e , 
1 9 7 5 ; B a k e r , L e a r n & B r u c k d o r f e r , 1978) . T h e use o f 
1 4 C p r e c u r s o r s will t he r e fo r e u n d e r e s t i m a t e h e p a t i c 
c o n t r i b u t i o n a n d o v e r e s t i m a t e e x t r a h e p a t i c c o n 
t r i b u t i o n t o t o t a l fa t ty ac id syn thes i s . 

B o t h [ 1 4 C ] c i t r a t e a n d [ 1 4 C ] a c e t a t e w e r e used in t he 
p r e s e n t s t u d y b e c a u s e c i t r a t e a p p e a r s t o be a m o r e 
p h y s i o l o g i c a l s u b s t r a t e de r ived f r o m g lucose m e t a b 
o l i sm t h a n a c e t a t e b u t is r a r e ly u s e d in l ipid labe l l ing 
e x p e r i m e n t s . I n all o u r c o m p a r i s o n s 3 H 2 0 , [ 1 4 C ] a c e t a t e 
a n d [ 1 4 C ] c i t r a t e h a v e b e e n t r e a t e d as t h r e e different 
m e a n s o f l o o k i n g for differences b e t w e e n t he F a t a n d 
L e a n l ines . T h e e m p h a s i s is o n be tween - l i ne differences 
a n d n o a t t e m p t h a s b e e n m a d e t o c o m p a r e d i rec t ly 
a b s o l u t e va lues of 3 H 2 0 (jig/g) a n d [ 1 4 C ] c i t r a t e o r 
[ 1 4 C ] a c e t a t e ( d p m / g ) . T h e b ig difference b e t w e e n 
a c e t a t e a n d c i t r a t e m a y b e a f u n c t i o n o f t he re la t ive 
efficiencies o f l abe l l ing i n t r ace l l u l a r a c e t a t e a n d c i t r a t e , 
t he re la t ive p o o l sizes, t h e n u m b e r o f p a t h w a y s e a c h 
s u b s t r a t e is sub jec ted t o a s well as t he k ine t i cs o f t he 
sys t em. T h o u g h t h e differences b e t w e e n a c e t a t e a n d 
c i t r a t e a r e t hemse lves i n t e r e s t i ng , t he a i m of t h e 
p r e s e n t s t u d y w a s n o t t o inves t iga t e these b i o c h e m i c a l 
di f ferences , b u t r a t h e r t h e differences b e t w e e n t h e 
selected l ines . 

T h e p r e s e n t d a t a i nd i ca t e , h o w e v e r , t h a t t he F a t 
a n d L e a n F 6 mice differ in l i pogen ic r a t e s r ega rd l e s s 
o f t h e r a d i o l a b e l l e d s u b s t r a t e u sed , so se lec t ion for fat 
c o n t e n t h a s i n d e e d a l t e r e d t he r a t e o f flux t h r o u g h t h e 
de novo l ipid syn thes i s p a t h w a y . T h i s m a y h a v e b e e n 
a c h i e v e d t h r o u g h c h a n g e s in t he ac t iv i t ies o f t he m a i n 
e n z y m e s i nvo lved in t he specific de novo l ipid syn thes i s 
p a t h w a y ( H a s t i n g s & Hi l l , 1990) a n d anc i l l a ry e n z y m e s 
t h a t g e n e r a t e N A D P H essent ia l for t h e r e d u c t i o n o f 
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malonyl Co A to fatty acids (Asante et al. 1989). The
general occurrence of similar or larger differences
between lines at 5 weeks than 10 weeks of age (the age
of selection) suggests that the metabolic events relevant
to lipid deposition are being established by 5 weeks of
age when the lines differ little in GFPW or total fat.

Although the changes in enzyme activities and
fluxes in the Fat and Lean lines are consistently in the
same direction (Table 3), the magnitude of the changes
are unequal. This raises the question of whether or not
the changes in flux can explain the differences in fat
deposition between the fat and lean mice. There is
evidence that fat accretion in the Fat line increases
linearly with age beyond 10 weeks, but tails off in the
Lean line by 10 weeks of age (Hastings, 1989). Yet fat
synthesis rate as determined in the present study,
though much reduced in the Lean line by 10 weeks of
age, is not negligible. As there is no net increase in fat
deposition some amount of degradation must be
taking place.

For the Fat line, as fat deposition continues above
14 weeks of age and fat is a terminal product, a small
increase in synthetic flux would result in a large
increase in fat deposition, provided degradation rates
are negligible. The extent of degradation and whether
it differs between the Fat and Lean lines is not known.
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grant from the Agricultural and Food Research Council
and a Commonwealth Scholarship to E. A. Asante. We are
grateful to Dr Ian Hastings for unpublished information
and helpful comments on the manuscript.
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