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!%MWU The effect of choline deficiency on the kinetic properties of the 
microscmdl enzyme UDP-glucuronyltrausferase (m2.4.1.17) was investigated 
in rats. Animals fed cl%Gne-deficient diets, as canpared with animals fed 
a choline-replete dietor staudaxdlabratorychow, shmed dLmosta three- 
fold increase in enzyme activity whan the enzyrms was assayed at physiological 
ccmcentrations of UDP-glucumnic acid (0.25 nM). The increase in activity 
appezedtolzedue toauenhanced affinity of the enzyme forUDP-glucuronic 
acid rather thauto an increase in the amuntof en+. Thesedata indicate 
thatthekineticpropertiesof tightlybouudn*mbraneeusWas are altered 
byadietarychange thatisknom tocauseliverdisease inthe rat. 

cholin&eficient rats accumlate triglycerides in their livers because 

of defective secretion of these lipids as plasm very-la+density proteins 

a,21 - The defect in triglyceride metabolism in livers of cbline-deficient 

rats can be self-limited (3); interestingly, hmever, there are cmditions 

under which dmline deficiency is cirrbgenic in rats (4). In addition, 

dietarycblinecanbe slmwnunder some circumtances tobeessential for 

maintenance of normal liver function in primates (5-7). 

The bitical basis for the adverse effect of choline deficiency on 

liver function is not understood. Cbline deficiency does lead to diminished 

activity of a microsanal glycosyltrausferase (8). This effect apparently is 

due to depletion of a pool of microscmal pbsphatidylcholi that influences 

the function of the glycosyltransferase (8). Thus, the ratio of phosphatidyl- 

* Tbwhanallaxnqxmdenoa shouldbe addressed. 
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choline toproteinis abnormallylowinlivermicroms fmnclmline-deficient 

rats (9). Moreover, a choline-deficient diet interferes with induction of 

hepatic c$m&rme P450 (10,ll) which, in pure form, requires phosphatidyl- 

choline for reconstitution of activity (12). These data suggest that choline 

deficiency in rats could have general effects on the function of membrane-bound 

enzymas that have a dependence for activity on interactions with plmsphatidyl- 

choline. Themicrosomal enzym lJDP-glucuronyltransferaseis in this category of 

enzymes (13-15). Since this enzyme is critical for detoxification of a vast 

array of endogmous and exogenous toxins, defective function could have 

deleterious effects on the liver. Inorder to expard the informationon the 

effects of dietary choline deficiency on the function of enzyms that require 

phosphatidyl~line for activity, we have determined the activity of 

UDP-glucumn yltransferase inhepaticmicros~nes fmmcholine-deficient rats. 

UDP-glucuronic acid (amoni m salt), ~nitmphenol, Trizma Base, UDP-N- 
acetylglumxmine,UDP,UDP-glucose,andNADwerepurchasedfranSigmChemical 
Q=T?- I St. Iouis, IQ, U.S.A. Ihevitaaxinmix,tichcontainednoB12orcholine, 
was obtained fran Calbiochez+Behring Corp., San Diego, GA, U.S.A. Male Wistar 
rats were purchased fran Simnsem Laboratories, Gilroy, CA, U.S.A. They were 
housed in individual wire-b&tan cages in a rcan with a 12-hour day/night cycle, 
andwere allcwed free access towater. 
diets (16). 

The animalswere fed artificial granular 
This diet contained, by weight, casein (8 percent), sucrose (72.3 

percent), alphacel (5 percent), lard (4 percent), corn oil (4 percent), vitamin 
mix (2 percent), Hegsted salt mix (4 percent) and cystine (0.5 percent). The 
diet fed to clmline-replete rata (Ch+) contained 0.2 percent choline byweight. 
No cholinewas added to the diet fed to choline-deficient rats (Ch-). Animals 
receivingthecl+ine-deficientandreplete dietsgainedidentical amountsof 
waight. Qnsuqtion of diets was the same for both (Ch+) and (Ch-) groups. 
Five animalswere fedstandardlatmatorycbow. 

Animals were killed by cervical dislocation, and the livers rapidly 
removed and placed into chilled 0.25 M sucrose. Liversfmmthe (ch-) anilnals 
showed extensive fatty rmatamrphosis. llxxe franthe (Ch+) andlabchmgroups 
warenormal. The microscmdl fraction was collected as previously described (17). 
Alldatarepxxtedwereobtainedusingmic rosmesonthedaytheywereprepared. 
Thiswas necessary because therewas activationof UDP-glucuronyltransferase 
secondaqtofreeze-thawing. The differences notedbelowwith freshmicroscmas 
were alsopresentin freeze-thaw&microscxnas; huiwer, because we were interested 
in changes intheenzym thathadoccurredinvivo,only freshmicrosoneswere 
used. 

-- 
The anrxnts of micmscenal protein per gran body weight were 0.50+0.06 mg 

(C%-), 0.49+0.06 (Ch+), and 0.5420.06 q (lab chow). 

Initial rates of conjugation of ~nitmphenol were determined as previously 
described (17), exceptthatls@lNADwas addedto each assay to inhibit nucleo- 
tick pyrophospha~ activity. Assay conditions are indicated inthelegends 
to Figures. Proteinswere determinedbythebiuretmsthod (18). Alldataare 
expressed as +S.E.M. Statistics were performad using the student's T test, 
and statistical significance was achieved when ~10.05. 
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FU2SUL'ISANDDISCUSSION 

Based on prior findings that phsphatidylckmline, lysoplmsphatidylcholine 

and sphingcmyelin are the cmly microsaml plmspholipids that reconstitute tlz 

activity of delipidated UDP-glucur~yltransferase (13), we expected choline 

deficiency to decrease the activity of microscsoal UDP-glucuronyltransferase. 

However, the activity of UDP-glucumnyltransferase was greater in liver micro- 

sanzs frcnn (6) animals as coqxredwithanimals fed the (Ch+) dietorlab 

chow (Table 1). In order to determine the possible cause for the difference 

in activity of UDP-glucuronyltransferase between animals fed (a+) ard (ch-) 

diets, rates of conjugation of rnitrophenol wxe measured as a function of 

the concentration of UDP-glucwonic acid. Activities as a function of the 

concentration of UDP-glucuronic acid were tk smz in rats fed the (Ch+) diet 

andlabchcm. Double-reciprocal plots of the activity of UDP-glucuronyltrans- 

ferase as a function of the concentration of UDP-glucuronic acid are skwn in 

Fig. 1 for animals fed (Ch-) and (CM) diets for IXKI weeks. Similar results 

wxe obtainedwhen rats wre fed the diets for four weeks (data not slxmn). 

The plots in Fig. 1 are non-linear, a finding reported previously. 

?tyo iqxmtant points are illustrated by the data in Fig. 1. First, the 

activities at saturating concentrations of UDP-glucuronic acid are identical 

Table1 

Effect of choline Deficiency on 
Activity of UDPglucumnyltransferase 

Diet No. Animals Rate (nml/min/q) 

L&cll-xm 5 0.332.03 

Kh+) 5 0.32k.01 

a-I-) 5 0.9c.07 

Ea& assay contained 0.25 ITM UDP-qlucumnic acid; 1 IIW MnC12; 1 nM MID; 

50 r&I Rris-HCl, pH 7.5, 30'; and 0.4 Ml pnitrophenol. (Ch-) versus 

lab chow and (a+), p<0.0001. 
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Figure 1: Double-reciprocal plot of the activity of LW-glucuronyltransferase 
versus cxncentration of UDP-glucuronic acid after tm we&s of 
diets. Each assay conkC.ried 50 nW TcisHCl, pH 7.5, 30°; 
1 nW Mlcl2; 0.4 rrfllpnitmpkml; ard1nMNAD. Pate is 
expressed in m~~l/min/mz~pmtein. Each Point is the man 
fS.E. of a minimm of four animals, except for timse marked with 
Xl* ,whereonlythreeanimalswereassayed. 

0 Ckline-deficient (Ch-) 
0 Choline-replete (Ch+) 

a-l-) versus Kll+), p<O.OOl 0.25, 0.5, 1.0, 5.0, 10.0, 20.0 IM 
UDP-GlcuA, pco.01 2 m uDP-GlclJA. 

forenzymsderived fran (Ch+) and (Ch-)-fedgroupsof animals. Second, the 

differences in enzymatic activity in vitro for rats fed (Ch+) and (Ch-) diets -- 

are greatest at low concentrations of UDP-glucuronic acid. Since the concen- 

tration of U'D+glucumnic acid in intact liver is about 0.2 xt~ (20), it seems 

that the activity in vivo of the form of UDP-glucuronyltransferase assayed in -- 

Fig. 1 will be higher in (Ch-) versus (Ch+)-fed rats. 

Previous investigators have shown that the activity of UDP-glucuronyltrans- 

ferase in microsates can be altered by feeding rats a lo.+protein or high-fat 

diet (21,22). Italsowas shmnby the data in (21) thatrnicrosmes fromrats 

fed a low-protein diet contain greater than normal concentrations oflysophospha- 

tides,which are activators of UDP-glucuronyltransferase (15,23). We wxe interested, 

therefore, in the possibility that increased activity of endcgenous pbospimlipase A2 
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effected the cbsemed changes in the activity of UDP-glucuronyltrausferase in 

(Ch-) versus (Ch+)-fed animals. This question is open to experimental verifica- 

tion via kinetic studies of UDP-glucuronyltransferase because there are 

distinctivephospholipaseA2-inducedchanges in the properties of theenzyme. 

These include enhanced susceptibilitytoend-pmductinhibitionby UDP, 

loss of specificity for the binding of UDP-sugars, and lack of response to 

activation by UDP-N-acetylgluoxamine (24). uDp (1,2,5, and 10 r&I, respectively) 

was added tc assays containingmicmsanas frcmrats fed (Ch-) or (Ch+) diets. 

The extentofproduct inhibitionwas the same for enzyme fromrats fed 

either diet. Selectivity of binding at the ~P-glucuronic acid site was 

testedbya&dingUDP-glucose tomicrosam? s fromcholine-deficientrats. 

UDp-glucose at concentrations as high as 20 KM did not inhibit the activity of 

UDP-glucumnyltransferase fran (Ch-) rats. mreover, we fourd that UDP-N-acetyl- 

gluaxamine stimulated tba activity of UDP-glucuronyltransferase in microsares 

from (Ch-) rats (Table 2). These resultsdemonstrate that the change in 

DDP-glucuronyltransferase in (Ch-) versus (Ch+) rats canuot bs due to increased 

in viva activity of phospl'xolipase A2. -- 

Table 2 

Effect of UDP-N-Acetylgluaxamine 
on the Activity of DDPgl ucuronyltransferase 

Diet Additions toAssay Rate (~1mM-g) 

(al+) 

a+) 

al-) 

None 

UDF++acetylglucnwmine 

None 

(ch-) UDP-N-acetylgluuxamine 5.20?0.4& 

l%e ccmposition of the assay is describe3 in Table 1. The 
axmmtration of UDe-N-acetylglucosami.ne was 2 Ml. Each data Point is 
the average for three rats fed the specified diet for fourweks. 

5 Difference (Ch+) versus (a-), pcO.025 

2 Difference (Ch+) versus (Ch-), p NS 
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Wedonotknowasyethawcholinedeficiencyl~s to enhancedactivity 

of UDP-gl ucumnyltransferase. We think it is iqcztanttopintout, hmever, 

that a siqle change in the amunt of UDP-glucumnyltransferase(s) in (Ch-) 

as ocanparedwith (Ch+) groups cannot explain the data inFigure1. These 

data rmst reflect a difference in the kinetic properties of UDP-glucuronyl- 

transferase in the two groups of animals. We cannot exclude, of course, 

the possibility that choline deficiency leads to induction of a unique form of 

UDP-glucumnyltransferase and suppression of others such that the activity at 

VmaWt relMin.5 unhged. we th.ink, -, thatthereis acre 

likely explanation for the data. Wewanttopro~~~se thatthecholine-deficient 

diet changes the nature of the phospholipids intimtely associated with 

UDP-glucuronyltransferase. We favorthisideabecause achangeof this type 

can alterthekineticproperties ofpurified fomsof UDP-glucuronyltrans- 

ferase that conjugate ~nitrophenol (15,25,26). For exmnple, studies of pure, 

delipidated foms of ULIP-glucuxonyltransferase indicate that the chain length 

and degree of unsaturation of the fatty acids of the plmsphatidylclmli used 

to reconstitute activity detemine the kinetic properties of reconstituted 

enzyme (25,26). Hence,-it is ~asonable to expect alterations within the 

microsames of the species and relative abundance of differentcholine-amtain- 

ing phospholipids could alter the activity of UDP-glucuronyltransferase. 

Itisknmn in this regardthatcholine deficiencyle&3snotonlylm adecrease 

in cholin~containing phosphatides, but alters as well the fatty acid axqosi- 

tion of microsomal phosplmlipids (27). Subtle changes in the ccqosition of 

the phospholipids of cellular menbranes can lead to alterations in the proper- 

ties of my rre&rane-hmnd enzyms, som of which could be critical to the 

nmmal function of cells. Further work is warranted in order to explore 

these possibilities. 

Thisworkwas supportedinpartbygrants fmntheVeterans?drninistra- 
tion and the National Science Foundation (No. -204270). 
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