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ABSTRACT 

The levels of the A and B variant forms of &lactoglobulin were measured in the milk of 70 heterozygous cows. On average, 1.2 times 
more A than B variant protein was found in the milk. Measurements of mRNA levels in lactating tissue from four of these animals indicated 
that approximately 60% more A allele than B allele mRNA was present. We conclude that differences in the two alleles, either at the level 
of transcription or mRNA stability, are probably responsible for the different rates of production of fhe corresponding protein variants. 
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INTRODUCTION 

In this investigation we investigate the molecular 
mechanism(s) which control the levels of the A and B B- 
lactoglobulin protein variants in bovine milk. Beta- 
lactoglobulin is a major constituent of cows milk, making up 
sobe 10% of total protein. Two major protein variants are 
found in New Zealand herds, A and B, and these differ by two 
amino acids; the asparagine at position 64 and valine at 
position 118 in the A variant protein are substituted by, 
respectively, glycine and alanine in the B variant. As a conse- 
quence of these substitutions, the two variants have distinct 
physicochemical properties which have an economic impact 
on a number of milk processing protocols. Manipulating the 
levels of one or the other of the LLlactoglobulin variants in 
milk would have distinct economic advantages. The first step 
in doing this is to pinpoint the molecular factors which control 
&lactoglobulin expression. In the present study we have 
chosen to look at heterozygotic cows in which the relative 
levels of expression of the A and B variants of &lactoglobulin 
can be accurately monitored in individual animals. 

METHODS 

Proteins 

Foremilk samples were collected from 70 A/B 
heterozygotes in a mixed Jersey-Friesian Ruakura herd on 18 
consecutive mornings in March-April 1992. One ml samples 
of whole milk was centrifuged for 12 min at 15,000 rev/min 
in a benchtop microfuge and whey carefully removed from the 
clear middle layer between the fat and a fluffy casein pellet. 
Two ml samples of this whey were mixed with loading dye 
and then separated by native polyacrylamide gel electrophoresis 
and stained with Coomassie blue. The relative levels of the B- 
lactoglobulin A and B proteins were determined with a laser 
densitometer (Ford, 1993). Control experiments were done 
with purified A and B klactoglobulin proteins (Sigma Chemi- 
cal Company) to ensure that equal loadings of protein actually 

gave equal laser signals and also with whey prepared by 
traditional acid precipitation methods to ensure that the ob- 
served A to B protein ratios were not an artifact of the 
preparation method. 

RNA 

Total RNA was isolated from lactating mammary tissue 
obtained either at autopsy or by biopsy. The relative levels of 
mRNA for klactoglobulin variants A and B were determined 
by two independent methods: 

Northern Blom*nglAIlele Specljk Probes 

RNA samples were electrophoresed and blotted to dupli- 
cate membranes which were probed with 32P-labelled 
oligonucleotide 24mer probes ( 5’ AGGCACTGGCAG-A or 
G-CCAGGCTTTGCT 3’) specific for, respectively, the A or 
B allele of &lactoglobulin. Stringent washing conditions were 
used to preferentially remove mismatched probe (Wilkins, 
1993). The autoradiographs were scanned with a laser 
densitometer and the relative levels of A and B mRNA 
determined from the allele specific levels of hybridisation 
(Ford 1993). 

Reverse Transcriptase of RNA and Amplification 

RNA samples were reversed transcribed with a i3- 
lactoglobulin primer (5’ TCACCTAGATGTGGCA 
CTGCTCCT 3’) and amplified by 20 cycles of a polymerase 
chain reaction (PCR) by adding a second primer (5’ 
ACCTGGAGATCCTGCTGCAGAAATG 3’) end labeled 
with 33P to give aDNA fragment of 336 base pairs. Restriction 
with HaeIII enzyme was used to specifictilly cleave the cDNA 
from the B allele at an additional restriction site and so enable 
it to be distinguished from the A allele cDNA on a sequencing 
gel. The relative levels of the two bands was measured with a 
laser densitometer, and by liquid scintillation counting, in 
order to determine the relative levels of A and 3 B-lactoglobulin 
mRNA in the RNA sample. 
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Overall then, it appears that in the mammary gland of 
“normal” lactating cows, the levels of mRNA for the A allele 
of O-lactoglobulin are about 60% higher than for the B allele 
and, in the one “abnormal” animal tested, about 140 to 180% 
higher. 

DISCUSSION 

These data suggest that differences in expression of the 
two alleles of the B-lactoglobulingene may be responsible for 
the differential production of the A and B variants of the 
protein in milk. The preliminary experiments reported here 
do not allow us to ascertain the exact reasons for the n-RNA 
levels being different, but we intend to look at both the 
transcription rates from the two alleles, and the stability of the 
two mRNAs. If the differences do indeed result from subtle 
differences in the structures of the two genes, and additional 
mutations can alter the expression of the B allele even further 
(as would seem the case in the “abnormal” animals) it may be 
possible to select for altered levels of l3-lactoglobulin proteins 

by either screening herds for rare mutants or, eventually, by 
genetic manipulation. 
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