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Abstract 

Ten, 2-year-old Merino ewes from a flock selectively bred for high clean fleece weight (Fleece Plus) 
and ten from a flock bred for low clean fleece weight (Fleece Minus) were randomly divided between 
two dietary treatments: 600 or 1100 g/day of pelleted lucerne hay. After 14 weeks, each ewe received 
an intravenous injection of L-[35Sjcystine (66·4.uCi). Venous blood samples were collected at 15 
specified times until 8 h after the injections, and wool fibres were plucked until 65-75 days after the 
injections. 

Protein-free filtrates prepared from blood plasma were bulked within sample times for ewes 
from the same flock and dietary treatment. Equations relating the specific radioactivity of free 
cystine isolated from the bulked filtrates to time after injection contained three exponential terms. 
The entry rate and pool size of cystine estimated from these equations were greater in Fleece Minus 
than in Fleece Plus ewes (by 25 and 44 % respectively for entry rate and pool size). Both traits were 
also higher in ewes offered 1100 g lucerne/day than in those offered 600 g/day (58·7 v. 33·9 mg/h for 
entry rate and 19·2 v. 11· 8 mg for pool size). The concentration offree cystine in plasma was greater 
in ewes offered 1100 g lucerne/day (3·0 v. 2·1 mg/I; P < O· 05), and greater in Fleece Minus ewes 
(3·0 v. 2·1 mg/I; P < 0·05). 

The percentage of the injected radioactivity recovered in the wool clipped to day 70 post-injection 
differed between genotypes and between dietary treatments (P < 0·05), being greater in Fleece Plus 
than in Fleece Minus ewes, and greater in those offered 1100 g lucerne/day than in those offered 
600 g/day. 

The relationships between 35S incorporated per 1000 fibres (R) and time after injection (t) were 
best fitted by equations of the form 

R(t) = ~ Xi[l-exp( -0(1 t)j. 
i = 1 

For all sheep, n = 3. The coefficient of the second term was significantly greater (P < 0·05) in 
ewes offered 1100 g lucerne/day, whilst the constant of this term was significantly greater in Fleece 
Minus ewes. 

The specific radioactivities of cystine incorporated into wool fibres (SR,) during various intervals 
of time after injection were derived from these equations and from the measured rates of output 
of cystine in wool. The equations computed to relate SR, to time after injection (t) were of the form 

1=1 

Again there were three components. The coefficient of the third component was significantly greater 
(P < o· 05) in ewes offered 1100 g lucerne/day, whilst the constant ofthe second term was significantly 
greater in Fleece Minus ewes. 

* Part III, Aust. J. BioI. Sci., 1973,26,465-76. 
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Introduction 

During intravenous infusions of L-[35S]cystine into sheep from flocks selectively 
bred for high clean fleece weight (Fleece Plus) or low clean fleece weight (Fleece 
Minus), Williams et al. (1972) found that the mean rates of entry of cystine into the 
plasma were similar in sheep from these two flocks. The measured entry rates were, 
however, small and about equal to the presumed rate of absorption of cystine from 
the intestines. This result contrasted with the entry rate of lysine in humans which was 
approximately 50 times greater than the rate of absorption (Waterlow 1967). Again, 
the entry rates of cystine observed in the sheep were only about 10% of those deter­
mined for dogs by Crawhall et al. (1970) when both sets of data were expressed in 
terms of unit live weight. While it is generally considered that release of amino acids 
from tissues into the plasma contributes proportionately most to the entry rate of an 
amino acid, particularly in larger, older mammals (Waterlow 1967), recent evidence 
suggests that the entry rate of lysine in sheep is not greater than the presumed rate 
of absorption (Buttery et al. 1975). 

In order to determine whether the entry rate of cystine into the plasma was so un­
usual in Merino sheep, the entry rates were again measured in sheep from the Fleece 
Plus and Fleece Minus flocks, offered two quantities of a roughage diet, but using a 
single injection of labelled cystine rather than a continuous infusion. Both techniques 
are expected to yield similar results for the entry rate of a compound (Gurpide and 
Mann 1970). 

The specific radioactivity of cystine in the wool fibres following the continuous 
infusion of [35S]cystine was less in Fleece Plus ewes than in Fleece Minus ewes 
(Williams 1973), despite the similar mean specific radioactivities of cystine in plasma 
from the two flocks. An intermediate pool of cystine, causing dilution of the label 
during its passage from plasma into the wool fibre, apparently functioned differently 
in the two flocks. Because of this, the uptake of 35S into wool fibres following the 
single injection of L-[35S]cystine was serially monitored so that the curves relatmg both 
the 35S accumulated and the specific radioactivity of sulphur incorporated into wool 
fibres to time after injection could be computed. The kinetic appearance of 35S 
in wool could then provide further information on the operation of this intermediate 
pool of cystine and its influence in relation to genetic variation in wool production. 

Materials and Methods 

Sheep and Dietary Treatments 

Ten 2-year-old ewes were chosen from the Fleece Plus flock and 10 from the Fleece Minus flock 
by stratified random sampling within each flock, based on clean fleece weight and body weight at 
17-18 months. These ewes were randomly divided between the dietary treatments-ewes were offered 
either 600 or 1100 g of ground and pelleted lucerne hay once daily and any refusals were collected 
and weighed. During the 7 days before and after the injection of L-[35Slcystine this feeding regime 
was modified, each ewe's daily ration being divided into three equal portions which were presented 
at 0800, 1200 and 1700 h. The dietary treatments continued from 14 March to 3 September 1968. 

Measurement of Wool Growth and Sulphur Content in Wool 

All ewes were shorn in December 1967, and extensive areas on both sides of the trunk were 
closely clipped soon after shearing. Wool was clipped from areas (c. 100 cm2 ) on the right and left 
shoulder of each ewe on 14 March 1968, and three measurements of the patch areas were made on 
that day. Subsequently, wool was removed from these areas at intervals of 21 days, except at the 
fifth clipping When the interval was 28 days. Fourteen days after the final clipping (3 September 
1969), the sheep were shorn and each fleece was weighed and sampled. 
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The wool clipped from the shoulder patches was cleaned in light petroleum (b.p. 60-80°C), ethanol 
and distilled water. The fleece samples were scoured as described by Chapman (Appendix to Fraser 
and Short 1960). Wool production per sheep between clippings was determined by apportioning 
the clean fleece weight according to the weights of clean wool clipped from the shoulder patches. 

Skin was sampled by biopsy punch posterior to the shoulder patch of each ewe on the 14 March 
1968, and follicle density was measured by the method of Carter and Clarke (1957). 

The sulphur content of the clean wool from clippings 5, 6 and 7 was determined by the combustion 
method outlined by Reis and Schinckel (1963). 

Injection of L_[35 Slcystine 

L-[35S1Cystine (Radiochemical Centre, Amersham: 50 mCi/mmol) was dissolved in a minimum 
volume of O' 1 M HCI before dilution with sterile physiological saline. Each ewe received a single 
intravenous injection of this solution at 1000 h during clipping period 5; two ewes were injected 
with labelled cystine (66'44 /lCi) each day. Immediately after injection of L-[35S1cystine, 10 ml of 
saline was drawn into the syringe and this was also injected. The amount of 35S injected into each 
ewe was determined after subtraction of residual 35S in each syringe. 

Jugular blood samples were obtained from each ewe at 15 specified times after each injection 
(Fig. 3). Immediately after the collection of blood, plasma was separated and deproteinized with 
sulphosalicyclic acid (Block et al. 1966). 

Determination of the Concentration and the Specific Radioactivity of Free Cystine in Plasma 

The protein-free filtrate of each sample of plasma (2 m!) was collected, and to this was added the 
filtrates after two washings of the plasma proteins with 5 ml of sulphosalicyclic acid (2 %, w Iv). 
The protein-free filtrates were bulked for each treatment group of five sheep, within sampling times. 
For each sampling time, four samples were thus obtained, each containing the protein-free filtrate 
from 10 ml of plasma (2 ml/sheep). 

The concentration (mg/\) and specific radioactivity (nCi/mg cystine) of the free cystine in plasma 
were determined after chromatographic separation of the cystine (Williams et al. 1972). 

Calculation of the Entry Rate, Pool Size and Space of Cystine 

The equations describing the changes in the specific radioactivity of free cystine in plasma (SR p ) 

with time (t) were calculated using a computer program which minimized variance by iterative 
procedure, based on the simplex routine (Neider and Mead 1965). Entry rates, pool sizes and spaces 
were calculated from these equations by standard procedures (Rescigno and Segre 1966; Baker and 
Rostrami 1969) with the usual assumptions (Baker et al. 1959). In addition, total entry rate (TER) 
of cystine was calculated using the formula 

TER = Q(~,~ A;m,), 

where Q is the pool size of cystine, A; is the fractional intercept at t = 0 for the ith component, and 
m, is the constant of the ith exponential component. The difference between total entry rate and 
entry rate represents the rate of re-entry into the sampled pool of cystine which has previously left 
the pool since the injection. 

Procedures and Calculations Used to Determine the Incorporation of 35 S into Fibres and the Specific 
Radioactivity of Cystine in Wool 

Staples of wool were plucked from the midsides of each ewe at various times after the injection 
of L-[35S1cystine. The interval between pluckings was approximately 12 h during the first 3 days. 
Thereafter, staples were plucked daily to day 14, tri-weekly to day 30 and weekly to days 65-75. 
The 35S in weighed portions of the clean dry wool in these staples was measured by direct liquid 
scintillation counting (Downes and Till 1963). Several samples of plucked fibres from each ewe were 
combusted in an oxygen flask and the radioactivity in aliquots of the absorption solution was 
measured to determine the efficiency of counting in the direct procedure. Radioactivity at each 
sampling was then expressed as nCi/mg clean dry wool. 

The average weights of 1000 clean dry fibres plucked at the first two and final samplings were 
determined. A linear increase in fibre weight with time was assumed, and weights of 1000 fibres 
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at the various sampling times were calculated and used to estimate the radioactivity expressed as 
nCi/1000 fibres. 

The data for each ewe were fitted to equations of the form 

• 
R(t) = ~ X,[1- exp( - IXi t)], 

'=1 

where R(t) is the 35S incorporated per 1000 fibres at time t after injection, n is the number of ex­
ponential terms, Xi is the coefficient of the ith term, and IXi is the constant for the ith term. 

From these equations, the 35S incorporated (I!J.R) into 1000 fibres between any two sampling 
times (t I and t 2) could be determined. From the rate of wool growth, its cystine content and follicle 
density, the output of cystine in 1000 fibres (I!J.C) between tl and t2 could also be calculated. Division 
of I!J.R by I!J.C estimated the specific radioactivity of cystine incorporated into wool fibres (SR,) at 
the time ±(tl + t 2 ) after injection. 

The equations relating SR, to t were calculated from these data similarly to those relating SRp 
to t. The equations had the form 

n 

SR,(t) = ~ Biexp(-Pit), 
i=1 

with the same notation as previously described. 

Statistical Analyses 

The effects of genotypes and of dietary treatments on the variation associated with the various 
traits. were tested by analyses of variance. When measurements were repeated on the same sheep, 
a 'period' term was included in the model, and the data were analysed using a split-plot design 
(Brown, in an Appendix to Dolling and Piper 1968). 

The significance of differences between genotypes in the concentration of free cystine in plasma 
were tested within dietary treatments by using a t-test for unequal numbers of unpaired observations 
(Goulden 1952). A similar analysis was used to test the difference in this parameter between ewes 
offered 1100 g/day and those offered 600 g/day. 

Treatment effects were considered significant when P < 0·05. 

Results and Discussion 

Dilution 0/ 35 S in Plasma/ollowing a Single Injection 0/L-[35 S]cystine 

Although all syringes were prepared to contain equal quantities of L-[35S]cystine, 
variable small quantities (mean 0·049 ,uCi, s.d. 0·013 ,uCi) remaining in the syringes 
after the injections resulted in small differences among sheep in the quantity of 35S 
actually injected. 

The specific radioactivity of cystine in plasma (SRp) from each of the four sets of 
pooled protein-free filtrates declined rapidly following the injection, with a linear 
relationship between the logarithm of SRp and time becoming apparent after 200-300 
min (Figs 1 and 2). The fit of each of the sets of data to the computed equations 
relating SRp to time is also evident from these figures. Each of the curves was best 
fitted by equations containing three exponential terms (Table 1). The estimates derived 
from these parameters for entry rates, pool sizes and spaces of cystine are also presented 
in Table 1. 

The cystine was apparently distributed in a volume equivalent to 15-18 % of 
fleece-free live weight, with neither genotype nor dietary treatment influencing this 
volume. In so far as the extracellular fluid in sheep was determined to occupy a 
similar space (McDonald et al. 1954; English 1966), cystine in the plasma and the 
interstitial fluids probably represented a single, freely mixing compartment. 
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The pool sizes and entry rates of cystine varied considerably among the four treat­
ment groups (Table 1), both traits being greater in those ewes offered the larger 
quantity of food. On the basis of the average intake of food on the day before and 
on the day of injection, the estimated entry rates per 100 g food were approximately 
10-20% lower than estimates derived from continuous infusions of L-[35S]cystine to 
older sheep consuming 500 or 1100 g daily of chaffed lucerne hay (Williams et al. 
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1972). Allowing for differences in the experimental conditions, the entry rates derived 
from the two techniques of isotope dilution were reasonably similar. Thus cystine 
apparently passes into the plasma of Merino sheep at a relatively low rate. If the 
portal intake of cystine contributed approximately 30 % to the net entry rate (Reilly 
and Ford 1971), or, in quantitative terms, 12 mg/h (Wolff et al. 1972), only a small 
proportion of the 130 mg/h of cystine derived from the turnover of body proteins 
(Buttery et al. 1975) was evidently released into the plasma to augment the entry rate. 
Consequently, extensive recycling of cystine must occur within the tissues. 

Table 1. Parameters for the equations relating SRp to time after injection for each treatment group, 
and estimates of pool size, entry rate, and cystine space derived from these parameters 

The equations were of the form 

SRp = Al exp( - mi t) + A2 exp( - m2 t) + A3 exp( - m3 t) 

Parameter Fleece Plus ewes Fleece Minus ewes 

600 g/day 1100 g/dayA 600 g/day 1100 g/dayA 

Coefficients (nCi/mg) 
Al 6273 3052 3901 2262 
A2 597 956 666 537 
A3 89 115 198 113 

Constants (min-I) 
mi 0·106 0·138 0·096 0·110 
m2 0·020 0·038 0·026 0·030 
m3 0·002 0·004 0·005 0·005 

Pool size (mg cystine) 9·6 16·0 14·0 22·8 
Entry rate (mg/h) 30·0 52·2 37'7 65·2 
Space (% body weight) 17 17 18 15 
Total entry rate (mg/h) 55·7 106·6 69·1 124·6 
Recycling (mg/h) 25'7 54·4 31·4 59'4 

A The average intake of these Fleece Plus ewes on the penultimate and on the day of injection of 
L-[35S1cystine was 1070 g/day; that of Fleece Minus ewes was 1030 g/day. 

Whilst the differences between the dietary treatments were obvious for both pool 
size and entry rate, the significance of the consistent differences between the flocks in 
these traits was difficult to assess, in the absence of standard errors. Entry rate and 
pool size were less in Fleece Plus ewes on both diets than in Fleece Minus ewes (Table 
1). This result contrasts with the earlier result which indicated that genotype for 
wool production had no effect on the entry rate of cystine, measured by a continuous 
infusion (Williams et al. 1972). Although continuous infusions and single injections 
of a labelled compound should give the same net entry rate to the compound (Gurpide 
and Mann 1970), it is possible that the continuous infusion OfL-[35S]cystine may under­
estimate the net rate of entry of cystine into the plasma, given the extent and the 
lability of disulphide binding of cystine to plasma proteins (Downes 1961b; Downes 
et al. 1965). The extent of the recycling, presumably due to exchange of cystine be­
tween the free and the disulphide-bound form, was evident in the present results 
(Table 1). In addition, there was an apparent difference between the flocks in the rate 
of recycling. If the net entry rate of cystine is, in fact, lower in Fleece Plus ewes, the 
35S derived from recycled cystine must have contributed proportionately more to the 
SRp observed in Fleece Plus ewes than to that observed in Fleece Minus ewes during 
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the continuous infusions of L-[35S]cystine. Further experiments, preferably including 
infusions of [35S]cystine disulphide-bound to plasma proteins, are required to resolve 
the apparently anomolous conclusions. On the basis of the two sets of experimental 
results, the wisest conclusion that can be drawn at present appears to be that the net 
entry rate of cystine in genetically superior wool producers is not greater, and may 
even be less than that in sheep of the inferior wool producers. 

The concentration of free cystine in the plasma of each of the treatment groups 
fluctuated randomly during the 8 h after the injections (Fig. 3). The lower concentra­
tions of cystine in plasma from Fleece Plus ewes (P < 0·05) and from ewes offered 
the smaller quantity of food (P < 0·05) confirmed earlier results (Williams et al. 
1972). 
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The measurements associated with the wool collected at the eight clippings are 
given in Table 2 and in Fig. 4. The results generally confirmed previous findings with 
these flocks experiencing similar dietary treatments: 

(1) Wool production per unit area of skin and wool production per sheep were 
greater in Fleece Plus ewes; the difference between the flocks was more pro­
nounced as level of intake of food increased (Williams 1966). 

(2) The wool grown by Fleece Plus ewes had a lower sulphur content, and the 
difference was independent of dietary intake (Williams 1973). 

In the present experiment, the efficiency of conversion of food into wool was not 
influenced by the level of intake. Consequently, no interaction between genotype and 
diet was evident for efficiency. 

Recovery of Injected Radioactivity in Clipped Wool 

A significantly greater proportion of the injected radioactivity was recovered in 
wool clipped from Fleece Plus ewes, and from ewes offered the larger quantity of 
food (Table 2), confirming previous results (Williams 1973). There, the results were 
equivocal due to possible bias introduced by variations among treatment groups in 
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emergence times of the fibres (Downes and Sharry 1971). The large proportions of 
the injected 35 S recovered in the wool emphasize the major role of the follicle popula­
tion in the metabolism of cystine in Merino sheep. 

Whilst the smaller size of the cystine pool could be responsible for the greater 
recovery of injected 35 S in the wool grown by the Fleece Plus ewes, the greater recovery 
in the wool of the sheep consuming more food can not be explained on this basis. 
An increased rate of entry of cystine into the plasma pool due to dietary alterations 
was apparently associated with a proportionate increase in the availability of cystine 
for incorporation into the wool fibre. 

Table 2. Mean values for measurements associated with wool production in each treatment group 

Measurement Fleece Plus ewes Fleece Minus ewes s.e.m. SignificanceA 

600 1100 600 1100 
g/day g/day g/day g/day 

Wool production 
(llgcm- 2 day-l) 506 882 383 558 ±99 a,b,c 

Follicle density 
(No./mm2 ) 72 64 63 58 ±11 

Efficiency 
(g wool/kg food) 10·62 11·23 7·20 6·70 ± 1·93 a 

Sulphur content 
(%) 2·84 3 ·16 3·53 3·78 ±0'21 a,b 

Recovery of injected 
35S in wool (%) 40·2 49·2 36·0 39·6 ±3·6 a,b 

A a, Significant difference between genotypes. b, Significant difference between dietary treatments. 
c, Significant interaction between genotype and dietary intake. 

Incorporation of 35 S in Plucked Fibres 

Following the injections of L-[35S]cystine, 35S rapidly accumulated in the plucked 
fibres. The form of the equations computed to relate this 35S incorporation (R) to 
time after injection (t) was 

" R(t) = I X;[1- exp( -(Xi t)]. 
i=l 

Curves containing three exponential terms gave the best relationship between R 
and t. Of the observed values of R, 87 % were within 5 % of the values predicted by 
the equations; less than 4 % of the observations differed by more than 10 % from 
the predicted values. 

The constants and coefficients for the exponential terms are shown in Table 3. 
Analyses of variance revealed that the coefficient of the second exponential term, X z, 
was 24 % greater (P < O· 05) in the equations for ewes offered the smaller quantity 
of food. The constant of this exponential term was 78 % greater (P < 0·05) in equa­
tions for Fleece Minus ewes. In the analysis of (X3' the constant for the third exponen­
tial term, a significant interaction between flocks and dietary treatments was observed. 

The sums of the coefficients (Xl + X z + X 3 ) measured the proportions of the injected 
35S recovered in 1000 fibres. This parameter was not significantly affected by the 
experimental treatments. In view of the greater proportion of 35S recovered in wool 
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clipped from Fleece Plus ewes, total follicle number, rather than the ability of indivi­
dual follicles, would be a major factor determining the output of cystine in wool which 
was related to the proportion of 35S recovered in clipped wool (Williams 1973). While 
differences in follicle number may account for the results in the genetic comparison, 
there would have to be 20-30 % fewer follicles in the ewes offered 600 g lucerne/day 
to account for the similar values of Xl + X 2 + X3 at the two levels of intake, but with 
a greater recovery of 35S in clipped wool among the ewes offered 1100 g lucerne/day. 
Shedding of fibres would not be expected to be sufficiently extensive to account for 
this difference. Sampling error is a more likely explanation. 

Table 3. Parameters for the equations relating the accumulation of 358 activity in plucked fibres to 
time after injection for each treatment group 

The equations were of the form 

R(/) = X1[I-exp( - 0(1 t)] + X 2 [1- exp( - 0(2 I)] + X3 [I-exp( - 0(3 I)]. 

Standard deviations are shown in parentheses 

Parameter Fleece Plus ewes Fleece Minus ewes 

600 g/day 1100 g/day 600 g/day 1100 g/day 

Coefficients (nCi/l000 fibres) 
Xl 0·098 (0'100) 0·099 (0'022) o· 069 (0,113) 0·085 (0'099) 
X 2 A 0·237 (0'122) o· 319 (0'173) 0·234 (0'068) 0·289 (0'173) 
X3 0·192 (0'256) 0·112 (0,127) 0·227 (0,207) 0·133 (0'138) 

Constants (h- 1) 

0(1 0·391 (0' 507) 0·657 (0' 839) 0·574 (0' 813) 0·805 (0'942) 
0(2B 0·019 (0'008) 0·018 (0'019) 0·029 (0'021) 0·035 (0'021) 
0(3 C o· 0026 (0' 002) 0·0015 (0'001) 0·0022 (0'001) O' 0033 (0' 003) 

A Significant difference between dietary treatments. 
B Significant difference between genotypes. 
C Significant interaction between genotypes and diets. 

The exponential form of the equations relating the accumulated 35S in plucked 
fibres to time resulted in the first fibres plucked after the injection having the highest 
SRr values. If it is assumed that the cystine in the vascular space and that in the 
follicles are contained in different metabolic compartments, SRr should be zero at 
t = O. Due to the uncertainty of fitting equations with this constraint in the absence 
of early values less than the maxima, the data for each ewe were fitted to equations 
of the form 

n 

SRrCt) = L Bi exp(-f3i t ). 
i=l 

Equations containing three exponential terms yielded the best fit of the data for 
all except four ewes (one in each treatment group). The equations for these four ewes 
contained four exponential terms. As the reduction in residual variance due to the 
additional term was marginal, the data for all ewes were fitted to equations containing 
three terms. 

The parameters of the equations were extremely variable among ewes within treat­
ment groups (Table 4). The process of 'curve-peeling' in the derivation of the equations 
leads to the interdependence of the parameters, thus inflating the variance. The 
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significant effect of dietary level on Bl , and the interaction between treatments for 
Bl are questionable. Bl for one Fleece Minus ewe offered 600 gjday was 20 times 
greater than Bl for the other ewes of this treatment group. As this led to the means 
and variances of Bl being related, analysis of the log-transformed data eliminated 
both the significant effect of treatment and the interaction. 

Table 4. Parameters for the equations relating the changes in SRr to time after injection for each 
treatment group 

The equations were of the form 

SRr = Bi exp( - Pi t) +B2 exp( - P2 t) +B3exP( -P3 t). 

Standard deviations are shown in parentheses 

Parameter Fleece Plus ewes Fleece Minus ewes 

Coefficients (nCijmg cystine) 
BiA 

B2 
B3B 

Constants (h-i) 
Pi X 103 

P2xl04c 
P3 X 105 

600 gjday 

175 (155) 
18·4 (17,2) 
1· 54 (1'92) 

447 (441) 
199 (76) 
295 (264) 

1100 gjday 

95 (86) 
12·1 (8'7) 
0·36 (0'50) 

483 (379) 
229 (81) 
182 (149) 

600 gjday 

460 (1564) 
21·4 (12·0) 
1'59 (0'80) 

461 (669) 
290 (224) 
254 (120) 

1100 gjday 

84 (93) 
19·4 (26'4) 
1'10(0'92) 

609 (599) 
367 (200) 
348 (312) 

A Significant difference between dietary treatments, and significant interactions between genotypes 
and diets. 
B Significant difference between dietary treatments. 
C Significant difference between genotypes. 

The significantly lower mean coefficient of the terminal exponential (B3 ) in the 
equations for ewes offered 1100 gjday indicated that the total quantity of cystine with 
which the injected 35S equilibrated was considerably greater in these ewes than in 
those offered 600 gjday. The value of B3 for the better-fed sheep indicated that the 
35S mixed with 93 g cystine. Assuming that tissue proteins contain a constant 1· 5 % 
cystine (Block and Bolling 1951), this quantity of cystine would have been associated 
with approximately 6 kg of protein-a reasonable estimate of the protein content of 
the body of a well-fed Merino sheep weighing 35-40 kg (Keenan et al. 1969). On 
the other hand, the 2·9 kg of protein calculated as the protein content of the body 
of the sheep offered 600 gjday appears improbable. A lowered intake of food may 
have induced a response which effectively reduced the quantity of cystine with which 
injected 35S mixed. 

The constants of the exponential terms were not influenced by the dietary level, 
yielding half-times of 1'9, 29 and 319 h for Pl' P2 and P3 respectively. Whilst these 
half-times were considerably shorter than those estimated by Downes (1961a) for an 
individual sheep, the tt values estimated for Pl and P2 were in close agreement to 
the estimates of Downes (1965) for the times taken for 35S to pass through water­
soluble and urea-soluble fractions (1-2 hand 16-20 h respectively) in the follicle bulb 
tissue. Downes (1961a) had earlier postulated the existence of a cystine pool with a 
half-life of a few days, and in the later paper, considered that the urea-soluble fraction 
of the wool root tissue represented this pool. If, in fact, the tt of the second exponential 
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term relates to the time taken for conversion of 35S into a urea-insoluble form in the 
follicle, the significantly smaller f32 observed in Fleece Plus ewes (Table 4) would 
indicate that the process of keratinization would take longer for ewes in this flock. 

Whilst the approach adopted in this work has demonstrated a difference in the rate 
of dilution of isotope in one of the pools supplying cystine to the follicles of sheep 
genetically different in wool production, more precise techniques are needed to mea­
sure follicle function. The use of chemical extracts of wool root tissue (Downes 1965) 
offers many advantages for these studies, as the specific radioactivity of the proteins 
being synthesized can be measured directly. Again, further progress in this field 
probably depends on measurement of the specific radioactivity of a precursor amino 
acid within the follicle. As the quantity of free cystine in wool root tissue is very 
small (Rogers 1959), the use of a labelled amino acid whose specific radioactivity can 
be measured in wool root tissue is required. Micro-techniques, as suggested by 
Airhart et al. (1973), would need to be adopted for these studies, with the difficulty 
of harvesting wool root tissue from Merino sheep being borne in mind. 

Acknowledgments 

The competent technical assistance of Mr R. Winston in collecting blood and 
wool samples is gratefully acknowledged. The late Mr L. Harris, University of New 
England Computing Centre, greatly assisted with the computing of the equations. 
This work was financed in part by the Australian Wool Corporation. 

References 

Airhart, J., Sibiga, S., Sanders, H., and Khairallach, E. A. (1973). An ultramicro method for quanti­
tation of amino acids in biological fluids. Anal. Biochem. 53, 132-40. 

Baker, N., and Rostrami, H. (1969). Effect of glucose feeding on net transport of plasma free fatty 
acids. J. Lipid Res. 10, 83-90. 

Baker, N., Shipley, R. A., Clark, R. E., and Incefy, G. E. (1959). C'4 studies in carbohydrate metabol­
ism: glucose pool size and rate of turnover in the normal rat. Am. J. Physiol. 196, 245-50. 

Block, R. J., and Bolling, D. (1951). 'The Amino Acid Composition of Proteins and Foods'. 2nd Edn. 
(C. C. Thomas: Springfield, Illinois.) 

Block, W. D., Markovs, Mara E., and Steel, Betty F. (1966). Comparison between free amino acid 
levels in plasma deproteinated with picric acid and sulphosalicyclic acid. Proc. Soc. Exp. BioI. 
Med. 122, 1089-91. 

Buttery, P. J., Beckerton, A., Mitchell, R. M., Davies, K, and Annison, E. F. (1975). The turnover 
rate of liver and muscle protein in sheep. Proc. Nutr. Soc. 34, 91-92A. 

Carter, H. B., and Clark, W. H. (1957). The hair follicle group and skin follicle population of 
Australian Merino sheep. Aust. J. Agric. Res. 8, 91-108. 

Crawhall, J. C., Purkis, P., and Young, E. P. (1970). Cystine metabolism in the dog. Biochem. Med. 
3,384-96. 

Dolling, C. H. S., and Piper, L. R. (1968). Efficiency of conversion of food for wool. III. Wool 
production of ewes selected for high clean wool weight and of random control ewes on restricted 
and unrestricted food intakes in pens. Aust. J. Agric. Res. 19, 1009-28. 

Downes, A. M. (1961a). On the mechanism of incorporation of 35S cystine into wool. Aust. J. 
Bioi. Sci. 14, 109-19. 

Downes, A. M. (1961b). The fate of intravenous doses of free and plasma protein-bound 35S cystine 
in sheep. Aust. J. Bioi. Sci. 14, 427-39. 

Downes, A. M. (1965). A study of the incorporation of labelled cystine into growing wool fibres. 
In 'The Biology of Skin and Hair Growth'. (Eds A. G. Lyne and B. F. Short.) (Angus and 
Robertson: Sydney.) 

Downes, A. M., and Sharry, L. F. (1971). Measurement of wool growth and its response to nutritional 
changes. Aust. J. BioI. Sci. 24, 117-30. 



524 A. J. Williams 

Downes, A. M., Sharry, L. F., and Till, A. R. (1965). Further studies of the metabolism of cystine 
in sheep. Aust. J. BioI. Sci. 18, 140-53. 

Downes, A. M., and Till, A. R. (1963). Assay of tritium, carbon-14 and sulphur-35 in wool by liquid 
scintillation counting. Nature (London) 197, 449-52. 

English, P. B. (1966). A study of water and electrolyte metabolism in sheep. II. The volumes of 
distribution of antipyrine, thiosulphate and T1824 (Evans Blue) and values for certain extra­
cellular fluid constituents. Res. Vet. Sci. 7, 258-75. 

Fraser, A. S., and Short, B. F. (1960). The biology of the fleece. Tech. Pap. Anim. Res. Labs, 
CSIRO, Aust. No.3. 

Goulden, C. H. (1952). 'Methods of Statistical Analysis'. 2nd Edn. (John Wiley and Sons, Inc.: 
New York.) 

Gurpide, E., and Mann, J. (1970). Interpretation of isotopic data obtained from blood-borne com­
pounds. J. Clin. Endocrinol. 30, 707-18. 

Keenan, D. M., McManus, W. R., and Freer, M. (1969). Changes in body composition and efficiency 
of mature sheep during loss and regain of liveweight. J. Agric. Sci. 72, 139-47. 

McDonald, I. R., Coats, D. A., and Munro, J. (1954). Body water and electrolyte changes in bi­
laterally nephrectomized sheep. Aust. J. Exp. BioI. Med. Sci. 32, 275-84. 

NeIder, J. A., and Mead, R. (1965). A simplex method for function minimization. Compo J. 7, 
308-13. 

Reilly, P. E. B., and Ford, E. J. H. (1971). The effects of different dietary contents of protein on 
amino acid and glucose production and on the contribution of amino acids to gluconeogenesis 
in sheep. Br. J. Nutr. 26, 249-63. 

Reis, P. J., and Schinckel, P. G. (1963). Some effects of sulphur-containing amino acids on the 
growth and composition of wool. Aust. J. BioI. Sci. 16, 218-30. 

Rescigno, A., and Segre, G. (1966). 'Drug and Tracer Kinetics'. (Blaisdell Publishing Co.: Waltham, 
Mass.) 

Rogers, G. E. (1959). Newer findings on the enzymes and proteins of hair follicles. Ann. N. Y. 
A cad. Sci. 83, 408-28. 

Waterlow, J. C. (1967). Lysine turnover in man measured by intravenous infusion of L-[U-'4C]lysine. 
Clin. Sci. 33, 507-15. 

Williams, A. J. (1966). The efficiency of conversion of feed to wool during limited and unlimited 
feeding of flocks selected on clean fleece weight. Aust. J. Exp. Agric. Anim. Husb. 6, 90--5. 

Williams, A. J. (1973). The metabolism of cystine in sheep genetically different in wool production 
III. The incorporation of radioactivity into wool fibres during and after intravenous infusions 
of L-[35Sjcystine and its relationship to wool growth and efficiency of conversion of food into 
wool. Aust. J. BioI. Sci. 26, 465-76. 

Williams, A. J., Leng, R. A., and Stephenson, S. K. (1972). The metabolism of cystine in sheep 
genetically different in wool production. I. Comparison of the entry rates of cystine in sheep 
from high and low fleece weight flocks. Aust. J. BioI. Sci. 25, 1259-68. 

Wolff, J. E., Bergman, E. N., and Williams, H. H. (1972). Net metabolism of plasma amino acids 
by liver and portal-drained viscera of fed sheep. Am. J. Physiol. 223, 438-46. 

Manuscript received 1 March 1974, revised manuscript received 31 May 1976 



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     Range: all pages
     Mask co-ordinates: Horizontal, vertical offset 10.64, 692.52 Width 449.98 Height 6.38 points
     Origin: bottom left
      

        
     1
     0
     BL
    
            
                
         Both
         1
         AllDoc
         1
              

       CurrentAVDoc
          

     10.638 692.5231 449.9842 6.3828 
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0d
     Quite Imposing Plus 2
     1
      

        
     0
     12
     11
     12
      

   1
  

 HistoryList_V1
 qi2base





