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Proteases are to proteins what restriction enzymes are to 
nucleic acids. Both proteases and restriction enzymes cat- 
alyze the hydrolysis of specific bonds in large molecules 
producing an array of smaller pieces. Proteases catalyze 
the hydrolysis of certain amide bonds in proteins while 
restriction enzymes catalyze the hydrolysis of certain phos- 
phate bonds in nucleic acids. One way to characterize a 
macromolecule is to describe the fragments that result from 
a given reaction. By separating and counting the frag- 
ments, a pattern emerges. The pattern is called a map and 
the process, mapping. 

For proteins, the fragments are peptides, and the most 
convenient technique for separating and counting them is 
high performance liquid chromatography (HPLC). The 
standard protocol calls for a reverse-phase column, gradi- 
ent elution, and ultraviolet detection. This methodology 
has become increasingly important as  the market for bio- 
technology products grows. Proteins, particularly those 
targeted for human use, require extensive purity checks ( I ,  
9 )  -,. 

The HPLC and protease experiment in this report, which 
will be described in detail below, is meant to introduce 
biochemistry students in one laboratory period to an im- 
portant protein characterization protocol that can be used 
with other techniques for sequencing but is used regularly 
by itself to compare one batch of a protein with another 
batch of the same protein. In  this experiment the protocol 
is applied specifically to the mapping ofbovine insulin. The 
advantaze of usine insulin or other small oolvoeotides in . .. A 

testing {rotease dygestions and HPLC procedures is that 
the resulting peptide mixtures are relatively simple and 
the HPLC data easily understood. The progress of a diges- 
tion can be monitored by watching the signal from the 
starting polypeptide disappear. And the expected number 
of peaks can be predicted from the original protein. The 
separation of simple peptide mixtures takes less HPLC 
t i e  than separation of complex mixtures, so experiments 
can be worked into an undergraduate laboratory period or 
used routinely to test the viability of the pmtease. 

Complex peptide mixtures require additional analysis to 
be understood even after HPLC separation. Generally pro- 

tein laboratories either subject the individual peptides to 
Edman degradation 1.7Jor toamino acid analysis,or subject 
partially separated mixtures of peptides to mass spectrom- 
etry (4) in order to identify the peptides. For simple mix- 
tures from a known polypeptide, N-group determination 
may be all that is needed to completely identify each pep- 
tide. 

The structure of bovine insulin (5) is shown in Figure 1. 
Five standard proteases and their reaction conditions are 
listed in Table 1. All five are commonly used in protein 
analyses. The hydrolysis reaction the proteases catalyze is 
shownin Figure 2. For bovine insulin, trypsin and S. aureus 
V8 protease are particularly useful while endoproteinase 
A S ~ - K  is not and pepsin andu-chynotrypsin prociuce more 
complex mxturen than isdesirah1e.Trypsin'sspecificity for 
catalvzine hvdrolvsisofamide bonds who;ecarbonvlscome " U " ~ ~ ~ ~ "  from arginine (R) and lysine (K) means only twb amide 
bonds in insulin are expected to react leading to a very 
simple peptide mixture. S. aureus V8 protease (also called 

Figure 1. The primary structure of bovine insulin (5). The solid bars 
indicate disulfide bonds between the cysteine residues. 

Figure 2. The hydrolysis reaction catalyzed by proteases. 

Table 1. Protease Reaction Conditions 

Protease Specificitya ~olvenp Reaction BufferC Conditions Ref. 

trypsin R,  K (C side) 

S. aureus V8 protease E (C-side) 
E + D i n  other buffers 

water 0.1 M NHaHC03 37 OC, 4-6 h 

endoproteinase Asp-N D (N-side) water 0.1 M NH4HC03 37% 4 h 9 

pepsin C-side of F, Y, W, L, M, H, Q water O.I%TFA 25'C,2h 10 

a-chymotrypsin C-side of F. Y, W, L, M, H, (1 0.1 mM CaCIz 0.1 M NH4HC03 37"C, 2-4 h 7 

'Theme lener amino acid abbreviations are used. C-side refen to the C-terminalsideof the amino abd residue indicated while N-side refers to the N-terminal side 
ofrhe amino acid residue indicated. 

b ~ i ~ ~ ~ i ~ e  each protease in its solvent (1.0 rngiml) and ice immediately. 
9nsulin should be dissoived in the reaction buffer to makea 1.0 mg1mLsolution. 
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endoproteinase Glu-C) reacts in ammonium bicarbonate 
only with amides in which the carbonyl has been contrib- 
uted by glutamic acid (El. Since insulin contains only four 
E's, again the digest mixture should contain only a few 
peptides. Endoproteinase Asp-N requires an aspartic acid 
(D) residue to he present in the amino part of an amide. 
Since insulin does not contain any D's, its hydrolysis will 
not be catalyzed by endoproteinase Asp-N. Both a-chymo- 
trypsin and pepsin pick aromatic and hydrophobic amide 
bonds to hydrolyze, so cuts after F, Y, W, L, M, H, and Q can 
be expected. For insulin, that means lots of little pieces and 
a complex HPLC pattern. 

In general, protease digests do not disrupt disulfide 
bonds, so insulin digested by S. aureus V8 protease should 
lead to four peptides while digestion of reduced insulin 
should lead to six peptides. Therefore, insulin, native and 
reduced, in the presence of five proteases can be used to 
generate up to 10 different HPLC traces. For larger labo- 
ratory classes or for different experiments in different 
years, the digestion and HPLC analysis of relatively small 
and definitely cheap proteins such as calcitonin (bovine), 
cytochrome c (equine heart), and rihonuclease A (bovine) 
can be substituted for insulin. 

Insulin was the first protein to be sequenced (61, and the 
work, which earned F. Sanger his first Nobel prize in 1958, 
involved partial acid hydrolysis, protease (pepsin) cata- 
lyzed hydrolysis, chromatographic separation of peptides, 
and many N-group determinations, took several years to 
complete. Today with the widervariety of proteases, HPLC, 
and automatic sequencers and mass spectrometers, the 
sequence of insulin can he easily checked in a couple of days 
or less, making the following student experiment feasible. 

Procedure 

Chemicals 

The suppliers of the necessary chemicals are shown in 
square brackets: ammonium bicarbonate, calcium chloride, 
acetonitrile (HPLC grade) [J. T. Baker], trypsin (bovine 
pancreas, TPCK treated), a-chymotrypsin (bovine pan- 
creas, TLCK treated), pepsin (porcine), S. aureus V8 prote- 
ase, dithiothreitol [Sigma], trifluoroacetic acid [Aldricb]. 

Protease Digestion 

The experimental protocol is summarized in Table 1. The 
enzyme solutions (1.0 mg/mL) are prepared first. We weigh 
out 1-2 mg of protein and then add the corresponding 1-2 
mL of solvent using an automatic delivery pipet so that the 
final solution is 1.0 mgimL. The contents are mixed by 
spinning the tube or vial in an ice bath. The insulin solu- 
tions are prepared in the same manner using the reaction 
buffers indicated in Table 1. Each reaction is started by 
adding 20 pL of enzyme solution to an insulin solution 
which is then capped and placed in a 37 "C bath. After 
incubation for 4 h, the reaction is placed on ice, ready for 
HPLC analysis. The digests can be stored at -70 OC for 
several months with no apparent degradation. Treatment 
of 100-pL aliquots of the digests with 10 pL of 10 mg/mL 
dithiothreitol for 5 min will reduce the disulfide bonds. 

HPLC Parameters 

This experiment requires an HPLC with gradient capa- 
bility and works best with a variable ultraviolet wave- 
length detector. A reverse-phase C18 column (4.6 x 100 or 
4.6 x 250 mm) (60-100 A pores); detector at  215 nm (254 
n m  can be used if the sample size is increased 20-50 times); 
flowrate= 1.0 mWmin;mobilephaseA= O.l%TFAinwater; 
mobile phase B = 0.1% TFA in acetonitrile. (HPLC grade 
water and acetonitrile should be used. HPLC water can be 
prepared from good deionized water with a 0.45 pm nylon 

filter.) Gradient = 1040% B over 20 min; 20 pL injections 
with adjustment of the range on the detector to fit the 
sample. (The reason the chromatograph and the C18 
column's manufacturers are not specified here is that chro- 
matographs and columns from several manufacturers have 
been tried and found to work.) 

Results and Discussion 

Figure 3 contains the reverse-phase HPLC maps for 
unreacted insulin, insulin incubated with trypsin, and in- 
sulin incubated with S. aureus V8 protease. The patterns 
are quite different. Since reverse-phase chromatography 
separates peptides approximately by size and the intensity 

FlgJre3 Chromatograph ctracers torc(a)~ns~l~n. (0) ~ J I  n S amus 
V8 protease react on mlxture, ana (c) lnsulln tryps n mlxtLre See text 
for details 
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of the absomtion of 215 nm lirrht is approximately propor- 
tional to th; number of amidc-bonds,&aks from dikrent- 
sized peptides should be separated and should have dimer- 
ent heights as seen in Fibwre 3. All amide bonds are not 
hydrolyzed at thc sameratr, and some partially hydrolyzed 
products are generally seen. Thus equimolar amounts of 
each pcptide are not expected, contributing to further vari- 
ations in peak height, Hnd minor peaks representing par- 
tially hydrolyzed products are observed. However, HPLC 
maps may be reproducibly obtained when all the experi- 
mental variables are held constant. 

The 10-60% linear gradient is not necessarily the best 
gradient for a particular digest, but, in general, it is a good 
startine dace for analvzine peptides as it immediately - .  - 
gives tge bperator an estimate of how complex the mixture 
is. For insulin dieests. the linear madient works fine. - .  

As long as insulin gives a repro>ucible peak and as long 
as a dieest eives oeaks when iniected into the HPLC, the 
data isUsui&ble Ear student a&lysis. They are asked to 
oredict the number of oeaks, compare their results with the 
prediction, and to suggest ways to test their conclusion. We 
have also prepared the enzyme solution for them and then 
asked them to determine which of the enzymes in the table 
it  was. The idea is to get them to look at their data and at - 
the structures. 

In the teachinrr laboratory, despite common directions, a 
variety of traceswere acquired. 1t is clear that extraneous 
proteins and peptides and other chemicals that absorb at 
215 nm are easily added to the reactions unless care is 
taken. The use of clean equipment is imperative, and 
nmoer balance techniaues are critical. K e e ~ i m  hands off r - ~ r ~ -  ~~ ~ 

. - 
pipet tips, the working blades of spatulas, and interest- 
in&. off the oluneers of the blunt-timed syrin~es used for . - 
Hh% requires some coaching. stuhknts &th~micmscale 
oreanic laboratorv experience should have some advan- 

? - 
tages here. 

Students are asked to obtain a duulicate HPLC trace to 
be sure that what they record reflects the digest, not the 
condition of the HPLC. If only one HPLC is available for 
student use, students can be scheduled so that two or three 
per laboratory period can analyze their digests while the 
rest of the class works on other experiments. No one expects 
students to master HPLC in part of one laboratory period, 
but some introduction is becoming increasingly important. 

Because this experiment requires a gradient HPLC, most 
teaching laboratdries will have! to around two to three 
students per HPLC per laboratory period with the digests 
being stored at  -70 'C until needed. Intructors should plan 
on about one hour to start up the HPLC's and run baseline 
gradients before each laboratory period. Preparation of the 
HPLC mobile phases and the protease reaction buffers 
requires time also but can be done once each semester and 
does not need to be done again before every laboratory 
period. Refrigeration of these solutions between laboratory 
periods is probably a good idea. 

Each of the neaks in Fieure 3b and 3c was collected bv 
the author a n i  characteriied by molecular weight, as d& 
termined by mass spectrometry. The molecular weights are 

Table 2. Characterization of Two Protease Reaction 
Mixtures by Mass Spectrometry 

Protease molecular weight a,b peptide assignment 

S, aureus V8 protease 41 6 [Al-A41 
1376 [A1 8-A21]+[B14-B21] 

1086 [B22-6301 

2923 [AE-A17I+[Bl-B13] 

trypsin 858 [B23-6291 
4822 [Al-A21]+[B1-0221 

5662 IAI-A211+IB1-6291 . . 
"Asdetermined by fast atom bombardment massspectrometry (4. 
'peptidesare listed intheorder they eluted fromrhe reverse phase cdumn. 
c ., + ,, mdicates two peptides joined by a disunide bond. 

d~houlderon ~revious Deak. 

listed in Table 2 in the order in which they eluted from the 
reverse-phase column. The peptides were identified by 
comparing the molecular weights with the those predicted 
based on the known sequence of insulin and the known 
specificity of the protease. The three main peaks in Figure 
3b were easily identifiable, as were the two main peaks in 
Figure 3c. p he expected S. aureus V8 pmtease-peptide 
[Al-A41 with a molecular weight of 416 was found in the 
3-4 minHPLC fraction. The shoulder on the second trypsin 
peak was identified as an incomplete hydrolysis product. 
Other aberrations in the baselines were not identified. 

The protease and HPLC techniques described above for 
insulin are useful in characterizine lareer  rotei ins. Thev 
are, after all, just two specific toolsin tge standard chem- 
i s t ~  stratew which calls for breakine laree molecules into ~ ~ - - .  
recognizable smaller ones. 
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