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The congenitally jaundiced Gunn rat does not conjugate bilirubin but does conjugate bilirubin dimethyl 
diester. Partial defects in conjugating p-nitrophenol and demethylating aminopyrine are also evident. A 
proposed mechanism to explain this combination of findings is a defective microsomal membrane. To 
examine the 'matrix' of Gunn microsomal membranes, hepatic microsomes were isolated from Gunn (jj) and 
outbred Wistar (J  J) rats and were studied by electron paramagnetic resonance spectroscopy of 7-doxylstearic 
and 12-doxylstearic acid probes, fluorescence polarization of 1,6-diphenyl-l,3,5-hexatriene, glucose-6-phos- 
phatase activity vs. temperature, and lipid analysis. The data indicate several factors related to lipid bilayer 
order do not differ in microsomes from jj and JJ. 

The homozygous Gunn rat has non-hemolytic 
hyperbilirubinemia due to a genetically de- 
termined total absence of hepatic microsomal 
UDPglucuronate bilirubinglucoronoside glucu- 
ronosyltransferase (EC 2.4.1.77) (B-trans) activity 
[1,2]. The biochemical abnormality which results 
in the absence of B-trans activity has not been 
determined, but there are reasons to postulate a 
general microsomal membrane abnormality rather 
than a specific enzyme defect. In addition to the 
B-trans defect, the Gunn rat has partial defects in 
demethylation of aminopyrene and conjugation of 
p-nitrophenol [3-6]. In addition, it is able to con- 
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vert bilirubin dimethyl diester to bilirubin 
glucuronide [7], which presumably requires B-trans 
[8], and B-trans has been found immunochemically 
in Gunn rat hepatic microsomes [9]. Since the 
character of the membrane can affect the activity 
of tightly bound enzymes, the Gunn rat's hepatic 
microsomal membrane could be defective [10]. 

The extent of abnormality of the lipid mem- 
brane required to alter the function of B-trans is 
not known. A possible mechanism by which an 
alteration in lipid could alter enzyme activity is the 
way the substrates of enzymes interact or diffuse 
within the bilayer domain. Such an abnormality 
might explain the unmasking of B-trans when 
bilirubin dimethyl diester is used as a substrate 
since the chemical alteration of the bilirubin mole- 
cule alters its solubility characteristics [7]. Changes 
in the lipid composition of the microsomal mem- 
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TABLE I 

CHOLESTEROL AND PHOSPHOLIPID COMPOSITION OF MICROSOMAL MEMBRANES 

Figures are presented as means _+S.D. 
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Cholesterol Phospholipid Cholesterol/ 
mg/mg protein % a mg/mg protein % a phospholipid 

ratio 

jj (n = 5) 0.028 _+ 0.005 5.2 _+ 0.8 0.513 _+ 0.093 94.8 _+ 0.8 0.055 _+ 0.009 
JJ ( n = 5) 0.028 _+ 0.008 4.9 _+ 1.1 0.515 _+ 0.118 95.1 _+ 1.1 0.055 _+ 0.007 

a % of total cholesterol plus phospholipid. 

brane occurring during early neonatal  develop- 
ment  of the rat have been related to changes in 
activity of microsomal enzymes including B-trans 
[11]. Altering the lipid composi t ion of the mem- 
brane through dietary manipulat ion alters certain 
parameters  of microsomal enzyme function as well 
[12]. However,  such changes in lipid structure, no 
mat ter  how dramatic,  have not resulted in total 
absence of enzyme activity. 

Other investigators have looked for a possible 
membrane  defect in the G u n n  rat with contradic- 
tory results. Gourley et al. [13] found subtle dif- 
ferences in membrane  order and fatty acid com- 
posit ion between G u n n  and Wistar liver micro- 
somes. Conversely, Schenker's laboratory has been 
unable to detect any differences between them [4]. 

To resolve this issue, we studied the lipid mem- 
brane of hepatic microsomes isolated from homo-  
zygous male G u n n  rats (j j)  and outbred male 
Wistar  litter mates (J J) which weighed 100-150 g 
when killed. Microsomes were isolated in 0.25 M 
sucrose, 0.001 M E D T A  and were chosen for 
further study according to B-trans activity de- 
termined by the method of Strebel and Odell [2]: 
jj(n = 6) = 0 /~mol con juga t ed /g  liver per 10 rain 

and JJ(n = 6) = 117.7 + 10.9 (S.D.) (for reference 
Jj (heterozygotes, n = 7) = 66.0 + 9.4). Four  inde- 
pendent  methods were used to examine the mem- 
brane lipid. 

First, the lipid composit ion was analysed 
according to published procedures [14-17]. Table 
I summarizes the cholesterol and phospholipid 
content  of the microsomal fractions from jj  and 
J J, and Table II  gives their fatty acid composi-  
tions. No  gross abnormali ty  in the lipid composi-  
tion of the microsomal membrane  from jj is evi- 
dent  from these analyses. 

Second, the activity of glucose-6-phosphatase of 
fresh microsomal preparat ions was determined by 
the method of Zakim and Vessey [18] at tempera- 
tures varying from 11 to 38°C (measured to 
+0 .1°C) ,  and Arrhenius plots (log activity vs. 
l / T )  were constructed from the resulting data 
[19]. Fig. 1 illustrates the results, which are identi- 
cal in most  respects for j j  and JJ. Both demon- 
strate a slight inflection at 34.7°C, and the mean 
activity for each at 37.0°C is the same (2.45-2.51 
~tmol h y d r o l y z e d / m g  protein per 10 min). The 
activation energies are an identical 12.8 kca l /mol .  
These findings indicate no apparent  differences in 

TABLE II 

FATTY ACID COMPOSITION OF MICROSOMAL MEMBRANES 

Figures are presented as means _+ S.D. 

Fatty acid series (% of total) 

16:0 18:0 18:1 18:2 20:4 

jj ( n = 5) 24.5 ___ 1.0 28.7 + 3.1 9.4 + 2.2 12.3 -t- 1.1 16.6 ___ 3.0 
JJ(n =5) 22.2+2.4 29.9+3.2 8.5+0.7 13.2_+2.3 17.4_+1.1 
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Fig. 1. Arrhenius plots of hepatic microsomal membrane glu- 
cose-6~phosphatase activity for j j  and JJ. Log activity (/~mol 
hydrolyzed/mg microsomal protein per 10 min) is plotted vs. 
1/T. In the range of temperatures in which membrane lipid 

the lipid domain around the glucose-6-phos- 
phatase membrane attachment site since the func- 
tion of this enzyme has marked lipid dependence 
[20]. Below 14.3°C the plots differ slightly. The 
meaning of this is unknown, but probably does 
not reflect a difference in the lipid domain because 
the phase transition temperature of microsomal 
membranes is well above 14.3°C. 

Third, the order of the membrane lipid was 
investigated by electron paramagnetic resonance 
of 7- and 12-doxylstearic acid incorporated into 
the microsomes at a concentration of one mole 
percent of phospholipid content. The labels in 95% 
ethanol were pipetted into small glass tubes and 
dried under N 2. The microsomes were added, the 
tubes were vigorously agitated, and the labeled 
microsomes were taken for analysis. Spectra were 
determined at 6, 10, 20, 25, 30, and 38°C using a 
Varian 4502 spectrometer. Order parameters were 
calculated from the 7-doxylstearic acid spectra at 
each temperature by the method of Gaffney [2l] 
according to: 

S 1.748(O - 1 ) -2 .412  
0.894( O ) + 2.106( I ) + 2.906 

where I is one half the inner extrema of the spectra 
in Gauss, O is one half the outer extrema of the 
spectra in Gauss, and S is the order parameter. In 
the case of the 12-doxylstearic acid, the outer 
extrema disappered due to the increased freedom 
of rotation of the spin label in this position, and 
order parameters could not be calculated. Thus, 
only the inner extrema, which are a linear function 
of S, were measured in Gauss for this probe at 
each temperature [21]. One animal f romj j  and JJ  
were studied. The data are given in Table III. The 
spectra determined at each temperature and with 
each probe were superimposable for both animals. 
In addition, Arrhenius plots of the order parame- 
ters calculated from the spectra of the 7- 
doxylstearic acid were identical (data not shown). 
These data indicate no differences in membrane 
order within the limitations of the probe tech- 
nique. 

Finally, the fluorescence anisotropy of 1,6-di- 

phase changes would be expected (15-37°C), no difference was 
observed. (On the scale of 1000/T(K): 3.2-= 39.5°C; 3.3-= 
30.0°C; 3.4 -= 21.1°C; 3.5 ~- 12.7°C; and 3.6 ~ 4.8°C.) 
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TABLE III 

ELECTRON PARAMAGNETIC RESONANACE PARAM- 
ETERS OF MOTIONAL FREEDOM OF PROBES IN MI- 
CROSOMAL MEMBRANES 

T(°C) jj JJ 

S a A b S A 

6.0 0.696 c 13.41 0.698 13.41 
10.0 0.671 13.64 0.672 13.64 
20.0 0.565 14.50 0.582 14.34 
25.0 0.523 14.62 0.528 14.64 
30.0 0.469 15.14 0.485 15.40 
38.0 0.377 15.68 0.385 15.86 

a Order parameter determined using 7-doxylstearic acid. 
b Inner extrema measured using 12-doxylstearic acid (gauss). 
c n = 1, no S.D. given. 

phenyl - l ,3 ,5 -hexa t r i ene  (DPH)  in the membrane  
l ip id  was de t e rmined  as a funct ion of t empera tu re  
f rom 8 to 38°C in a Perk in-Elmer  MPF-44B spec- 
t ro f luoromete r .  M i c r o s o m a l  m e m b r a n e s  were 
labe led  by  the add i t ion  of 1.0 mg membrane  pro-  
tein to 40 ml of 2.0/~M D P H  in phospha te  buffered 
saline [22]. S teady-s ta te  an i so t ropy  values (A)  were 
ca lcula ted  by  the formula;  

lql - -  1 1  
A 

1~ +21L 

where  I,, is the emiss ion intensi ty  of the D P H  
fluorescence measure  in a p lane  para l le l  to that  of  
the excit ing light, and  I ±  is the emission intensi ty  
measured  pe rpend icu la r  to that  of  the excit ing 
beam.  Arrhen ius  plots  of  the s teady-s ta te  anisot-  
ropy  values were cons t ruc ted  for one each of JJ  
and  jj. N o  clear phase  t rans i t ion  was demon-  
s t rated,  and  the plots  of  the two p repa ra t ions  d id  
no t  differ  s ignif icant ly  (da ta  not  shown). A repre- 
sentat ive high (37.0°C) and low tempera tu re  
(10.0°C) were chosen at  which to s tudy five each 
of JJ  and jj. Table  IV summarizes  these da ta  
which i l lustrate  j j  to be  indis t inguishable  f rom JJ  
with regard  to the ro ta t iona l  f reedom of D P H  in 
the microsomal  l ipid.  

The  summat ion  of these da ta  provides  s t rong 
evidence against  a p r imary ,  genetic difference in 
the m e m b r a n e  l ip id  of the hepat ic  microsome as 
the cause of the conjugat ing  defect  of the G u n n  
rat.  The minor  differences found by  Gour l ey  et al. 

TABLE IV 

ANISOTROPY VALUES OF DPH IN MICROSOMAL 
MEMBRANES 

Figures are presented as means + S.D. 

A, 37°C A, 10°C 

jj (n = 5) 0 .118_+0.018  0.192+0.013 
JJ (n = 5) 0.123+0.017 0.211+_0.020 

[13] cannot  poss ib ly  expla in  the absence of  B-trans 
act ivi ty  in jj. Our  da t a  and  those of Schenker  et al. 
[4] indicate  the l ip id  m e m b r a n e  of the hepat ic  
mic rosome f r o m j j  to be indis t inguishable  f rom J J, 
within  the l imi ta t ions  of  the techniques used. A 
l ip id  abnormal i ty  p r o b a b l y  is excluded as an ex- 
p l ana t ion  of  the microsomal  defects  of the G u n n  

rat. 

References 

1 Gunn, C.H. (1938) J. Hered. 29, 137-139 
2 Strebel. L. and Odell, G.B. (1971) Pediatr. Res. 5, 548-559 
3 Wisnes, A. and Dutton, G.J. (1973) Biochem. Pharmacol. 

22, 1765-1771 
4 Meredith, C.G., Speeg, K.V., Gray, P., Hoyumpa, A. and 

Schenker, S. (1982) Hepatology 2, 731 
5 Gourley, G.R., Mogilevsky, W. and Odell, G.B. (1982) 

Biochem. Pharamacol. 31, 1792-1795 
6 Nakata, D., Zakim, D. and Vessey, D.A. (1976) Proc. Natl. 

Acad. Sci. USA 73, 289-292 
7 Odell, G.B., Cukier, J.O. and Gourley, G.R. (1981) 

Hepatology 1,307-315 
8 Burchell, B. and Odell, G.B. (1981) FEBS Lett. 135,304-381 
9 Weatherill, P.J., Kennedy, M.E. and Burchell, B. (1980) 

Biochem. J. 191, 155-163 
10 Gazzotti, P. and Peterson, S.W. (1977) J. Bioenerg. Bio- 

membranes 9, 373-386 
11 Kapitulnik, J., Tshershedsky, M. and Barenholz, Y. (1979) 

Science 206, 843-844 
12 Pugh, E.L., Kates, M. and Szabo, A.G. (1980) Can. J. 

Biochem. 58, 952-958 
13 Gourley, G.R., Mogilevsky, W. and OdeU, G.B. (1983) 

Biochim. Biophys. Acta 750, 419-423 
14 Bligh, E.G. and Dyer, W.J. (1959) Can. J. Biochem. Physiol. 

37, 911-917 
15 Rouser, G., Fleischer, S. and Yamamoto, A.P. (1979) Lipids 

5,494-496 
16 Blornlaoff, J.P. (1973) Clin. Chim. Acta 43, 257-265 
17 Kates, M. (1975) Techniques of Lipidology. Isolation Anal- 

ysis and Identification of Lipids, pp. 502-579, North-Hol- 
land, Amsterdam 

18 Zakim, D. and Vessey, D.A. (1973) Methods Biochem. 
Anal. 21, 1-37 



778 

19 Segel, I.H. (1976) Biochemical Calculations, 2nd Edn., pp. 
278-281, John Wiley and Sons, New York 

20 Dyatlovitskaya, E.V. Lemenovskaya, A.F. and Bergelson, 
L.D. (1979) Eur. J. Biochem. 99, 605-612 

21 Gaffney, B.J. (1976) in Spin Labelling Theory and Applica- 

tion (Berlinger, L.J., ed.), pp. 567-571, Academic Press, 
New York 

22 Gilmore, R., Cohn, N. and Glaser, M. (1979) Biochemistry 
18, 1042-1049 


