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. . ,-" ... •••••••••••••• Figure 2. Sections from two-dimensional 
gels showing the complete carbamylation 
trains of creatine kinase (C K) run in 
various ampholytes on the first dimension 
isoelectric focusing gel. (A) Servalyt pH 
4-9; (B) 88 % Servalyt pH 4-9 and 12 % 
Servalyt pH 6-7; (C) Servalyt pH 3-10; 
(D) 90 % Servalyt pH 3-10 and 10 % Ser­
valyt pH 5-8. 

produced a slightly more extended gradient with the basic 
end of the train more evenly spread (Fig. 2 D) than when the 
pH 3-10 preparation was used alone (Fig. 2 C). 

The problem of achieving an optimum pH gradient is further 
complicated by the proteins in the sample which also act as 
ampholytes and may distort the pH gradient. When very 
small radiolabeled samples are used and proteins are 
detected by autoradiography, the protein effect on the pH 
gradient is lessened. However, when high protein loading is 
required so that staining can be used for detection, the 
ampholytes used must be chosen to compensate for sample 
protein effects. This problem is accentuated when the sample 
contains an excess of one protein, as in the case of albumin in 
serum. 

In Fig. 3, a human peripheral blood lymphocyte preparation 
was analyzed together with carbamylated CK charge stand­
ards, using the three ampholyte preparations described in 
Fig. 1. The lymphocyte proteins were radiolabeled with J5S­
methionine so the protein loading was very small. The stand­
ards are numbered as previously described [9, 10] and actin 
(a) is at postition -17.5 as previously reported [9]. In the 
LKB preparation of this sample (Fig. 3 A), a large space oc­
curs to the left of spot 18 which effectively compresses the 
pH gradient between positions -1 to -17. A larger gap ap­
pears in the train than is shown in Fig. 1 A, in which the CK 
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charges were run with this ampholyte, but without the added 
lymphocyte proteins. The Servalyt (Fig. 3 B) and the Phar­
malyte (Fig. 3 C) preparations run with lymphocytes give a 
more evenly spaced protein pattern, similar to those produc­
ed in the absence of sample protein (Fig. 1 B and 1 C). 

Patterns of human seminal fluid with added CK standard are 
shown in Fig. 4 to illustrate a sample with high protein con­
tent, necessitated because seminal fluid proteins must be 
visualized by Coomassie Blue staining. The sample protein 
altered the pH gradient when the Pharmalyte preparation 
was used (Fig. 4 A), as demonstrated by the elongation of the 
basic end of the CK charge standard train (compared with 
Fig. 1 C). The protein in this sample had little effect, how­
ever, on the LKB gradient (compare Fig. 4 B with Fig. 1 A), 
in contrast to the lymphocyte sample (Fig. 3 A). These 
seminal fluid patterns are reproducible and will be described 
in detail in a subsequent publication [17]. 

Fig. 5 shows human plasma run with Pharmalyte pH 3-10 
together with CK standards. This pattern illustrates the dis­
torting effect that an excess of one protein can have on the 
pH gradient. There are large gaps in the CK train below 
serum albumin that were not present when the standards 
were analyzed alone (Fig. 1 C) or with small amounts of 
lymphocyte protein (Fig. 3 C). 
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Figure 3. Sections from two-dimensional gels of human 
peripheral lymphocytes co-electrophoresed with C K car· 
bamylation train standards and stained with Coomassie 
Blue so only a few lymphocyte spots appear to show dif· 
ferences in separation using different ampholytes. (A) LKB 
pH 3.5-10; (B) Servalyt ISO-DALT grade pH 3-10; (e) 
Pharmalyte pH 3-10. In aU cases actin (a) is located at 
charge -17.5. 

4 Discussion 

This paper has chosen for illustration a few highlights that 
have developed from the approximately 600 gels with CK 
carbamylation train standards that we have run to date, most 
of them co-electrophoresed with protein samples. We have 
shown that charge standards show differences among 
batches of ampholytes. It has become obvious that the 
gradients obtained by using ampholytes for isoelectric focus­
ing must be studied and adjusted for each investigator's par­
ticular use and for each protein sample to be separated. The 

fact that these pH gradients can be so easily monitored with 
charge standards makes much easier the task of determining 
the gradient and deciding upon the appropriate mixture of 
wide range and narrow range ampholytes. Charge standards 
also can be used to check the. reproducibility of the pH 
gradient from one batch of a manufacturer's ampholyte to 
the next, and to adjust the new batch with some narrow range 
mix to assure reproducibility of experimental results. There is 
an evident need to extend charge standards to cover a wider 
pH range t and also to cover a range of molecular masses 
(i. e., for the standards to appear at different levels in the 
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mass dimension); it may not always be possible to position 
spots accurately in all parts of the gel by reference to a single 
charge train. The problem of accurate assignment of pH to 
each spot in the CK carbamylated charge train and in other 
charge trains, and the problem of positional assignments 
relative to standards after nonequilibrium pH gradient 
electrophoresis (18, 19) will be discussed in a subsequent 
paper. 

We wish to thank Dr. Nikolaus Grubhofer of Serva Fein­
biochemica for his generous gift of Servalyt ISO-DALT 
grade 3 -1 0 ampholyte, the ampholyte used to obtain the 
gradient shown in Fig. 2 D. Also we thank Dr. Carol Giomet-
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Figure 4. Sections from two-dimensional gels of 
human seminal fluid run with CK standards with 
two different kinds of ampholytes used in the 
first dimension focusing gels. (A) Pharmalyte 
pH 3-10; (B) LKB pH 3.5-10. 

ti for her helpful suggestions in assessing the data and in 
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