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ABSTRACT 

THE IDENTIFICATION OF PHENYLTHIOHYDANTOIN AMINO ACIDS 

BY HIGH PRESSURE LIQUID CHROMATOGRAPHY 

Carol Badger McCullough 

Master of Science 

Youngstown State University, 1980 

A method of analysis of phenylthiohydantoin amino 

acids was developed using high pressure liquid chromatog­

raphy. This analysis is useful both quantitatively and 

qualitatively in protein sequencing, as the residues of the 

protein degradation are converted to the stable phenylthio­

hydantoin derivative before identification. 

ii 

When using an automated sequencer to cleave a protein 

via the Edman degradation, the time of analysis is critical 

so that the identification is synchronized with the 

degradation. A gradient elution profile, in which all 20 

phenylthiohydantoin amino acids may be identified, has been 

developed. The analysis requires 25 minutes, which is 

adequate to allow immediate feedback to the ~equeucer. 

Reversed phase chromatography, using a methanol/sodium acetate 

buffer mixture as the mobile phase was found to be adeqt:.ate 

for this purpose, in that it proV'ides a fast, sensitive, and 

accurate method of identification of phenylthiohydantoins. 
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CHAPTER I 

INTRODUCTION 

Researchers in widely diverse areas of the medical 

sciences and biochemistry have developed interests in knowing 

the amino acid seque~ce of a protein. This knowledge of the 

primary sequence can greatly enhance the information obtai:t1ed 

about the biochemical and structure/function relationships of 

the protein in question. Sequencing may be accomplished in 

several ways, including X-ray diffraction or mass spectrometry. 

However, the most popular method is chemical via the Edman 

degradation, using the automated protein sequencer. Automated 

protein sequencing may be separated into three distinct steps. 

First, the cleavage of the initial amino acid from the intact 

protein via the Edman process (Edman, 1950), producing the 

anilinothiazolinone (ATZ) derivative of the N-terminal amino 

acid. The manual conversion of the unstable ATZ derivative 

to the phenylthiohydantoin (PTH) derivative is the second 

step of the sequencing process. Finally, the PTH amino acid 

is analyzed and quantitated. It is this third and final step 

that is the primary subject of this study: the develo~ment 

of a sensitive and unambiguous method of identification of 

PTH amino acids by high pressure liquid chromatography. 

In order to develop a useful method, one must remain 

within the following restraints so that the result is 

applicable to automated protein sequencing. The time of PTH 



identification is of extreme importance; that is, the 

ana lysis of the resu:i..t s should keep in step with the ti:w.e 

sequence of the automated cleavage so that efficiency is 

increased and loss of expensive sequencer reagents is 

minimized. In order to achieve this, a total chromatogram 

of 30 minutes or less per sample is required. 

2 

The cost of analysis is another important considera­

tion. The investigator must compare the costs of several 

eluting reagents and the differences in the chromatogram 

patterns produced by these reagents against the desired 

results. Likewise, columns must be investigated in terms of 

initial cost, lifetime, and effectiveness of separation. 

Ideally, the chromatogram that does not compromise sensitivity, 

efficiency, or time of analysis at the lowest possible cost 

is chosen. 

High pressure liquid chromatography as an analytical 

tool is relatively new. Giddings w~s one of .the earliest 

investigators to develop this method of analysis. In the 

early 196O's, he demonstrated that liquid chromatography 

could be based on the same theory that was already developed 

for gas-liquid chromatography (Giddings, 1965). During the 

last part of that decade, the. first high performance liquid 

chromatographs were described by Kirkland (1969), Huber (1969), 

and Horvath et. al. (1967). 

HPLC as a~ analytical t0ol has seve~~l advantages. 

Because its column system operates under high pressures which 

in turn affect flow, HPLC can offer analysis times as s~ort 
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as or better than GLC (5-30 minutes). Moreover, some 

compounds, such as thermally labile compounds or highly polar 

compounds, that either cannot be analyzed at the high temp,S!r­

atures of GLC or need to be derivatized first, are m~ch more 

suited to analysis by HPLC. In addition, HPLC can bear 

extremely sensitive method, depending upon the detector, as 

well as a reliably reproducible method. Accurate quantitation 

by external or internal standards is possible. Because of 

these distinct advantages, HPLC has had a positive impact in 

many areas, including pharmaceutical, environmental, forensic, 

and clinical sciences, as well as in research. Therefore, 

when developing a new method of analysis for PTH amino acids, 

in which time of analysis, sensitivity, and accuracy are 

crucial factors, high pressure liquid chromatography appears 

at this time to be the method of choice. 

Historically, however, other methods of analysis 0f 

PTHs have been demonstrated. Pehr Edman (1950), used paper 

chromatography to identify the cleaved phenylthiocarbamyl (PTC) 

amino acids. Since that time, several additional methods of 

amino acid identification have been investigated. A classic 

method for PTH amino acid identification is thin layer 

chromatography. Summers and coworkers (1973) reported 

detection of sub-nanomole amounts of PTH amino acids using a 

fluorescent indicator on polyamide sheets. Kulbe (1974) 

improved upon this technique using a two dimensional separation 

on double-faced polyamide sheets, showing _; the complete 

identification in about 30 minutes. Thin-layer chromatography, 



although relatively sensitive, is not without its disadvan­

tages. Contaminants often contribute to substantial inter­

ference and quantitation is not accurate. 

4 

It is also possible to hydrolyze thiazolinones back 

to their parent amino acids before analysis with an amino 

acid analyzer. Smithies and coworkers (1971) reported two 

methods of hydrolysis: an acid hydrolysis and an alkaline 

hydrolysis. Using these methods ; all amino a~ids can be 

identified and quantitated, with the exception of cysteine, 

that is not distinguishable from serine without some further 

manipulation. Although most residues may be identified with 

a high degree of sensitivity, the time required fo~ hydrolysis 

is this method's most serious drawback. Most amino acid 

analyzers require over 1 hour for a complete amino acid pro­

file. In addition, the acid hydrolysis itself can require 

20 hours and the alkaline hydrolysis 35 hours. Due to the 

large amount of time consumed in preparing the residue for 

identification, it is impossible to keep pace with the auto­

matic sequencer. 

A few researchers have also promoted the use of 

various indirect met~ods of identification: that is, a por­

tion of the sample protein is extracted at the end of each 

degradation cycle and analyzed. C.H.W. Hirs et. al. (1960) 

wrote of a "subtractive" method which involved a hydrolysis 

and quantitative amino acid analysis at the completion of 

each cycle of the Edman process. Gray and Hartley (1963) 

reported the use of the dansyl technique to do N-terminal 
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studies at the completion of each cycle. Indirect methods 

of analysis have some serious drawbacks: the amount of sample 

needed is large, the inconvenience of extracting sample at 

the end of each cycle makes automation less advantag-eous, the 

methods are only practical with small peptides, and the 

results are not easily quantitated. 

It has also been reported that chemical ionization 

mass spectrometry may be used to effectively identify phenyl­

thiohydantoins (Fales et. al., 1971). It is possible to 

interface the mass spectrometer to the sequencer, ~hich 

eliminates the need for conversion (Lovins e t . al., 1972). 

However, although sensitivity is high and ambiguity low in 

this case, the costs of analysis are prohibitive for most 

laboratories. 

A limited number of researchers also use radioisotopes 

to aid in phenylthiohydantoin identification. Bridgen (1975) 

reported high levels of sensitivity using an automated solid 

phase method featuring [ 35s] phenylisothiocyanate. The 

radioactively labeled derivatives were then identified by 

comparison of autoradiographs of thin layer chromatography 

plates with non-radioactive internal marker phenylthiohydan­

toins. The three day incubation period before the auto­

radiograph can be developed is a serious hindrance when the 

investigator is interested in i:mmediate feedback to decide 

whether or not to continue with the sequencing. 

When sequencing a protein that is isolated from live, 

metabolically active tissue, the fresh tissue may be first 
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incubated with a single tritium labeled amino acid. The 

protein is then extracted from the tissue and sequenced. A 

surge in the radioactivity at any single step would indicate 

that the amino acid at that step was the one with which the 

protein was labeled. This method was described by Huang 

et. al (1975) in the sequence analysis of proparathyroid 

hormone. Although again a sensitive method, the time and 

tediousness of incubating each sample with potentially all 

20 amino acids individually, as well as the costs of analysi.s, 

present an unfavorable situation. 

Until recently, probably the most widely used method 

of PTH amino acid identification was gas-liquid chromatography 

(GLC). Pisano and Bronzert (1969) described a gas chromato­

graphic procedure ·::hat quantitates and identifies all amino 

ac i ds except arginine . A two column system was used, so that 

nonpolar PTHs are -chromatographed with best results under 

different conditions than the relatively nonvolatile, polar 

compounds. A third group of amino acids with polar side 

chains (aspartic, glutamic, and cysteic acids) were further 

derivatized with the addition of N,O-bis(trimethylsilyl)acetamide 

(BSA). It has been noted by other authors that trimethyl­

silylation promotes alteration of retention behavior and 

better peak shapes (Harman et. al., 1968), and that serine 

and threonine are too labile to be accurately quantitated 

under these conditions (Hermodson et. al., 1972). Advances 

have been made over the original GLC procedures, including 

improved stationary phases, use of helium as a carrier gas, 



and high temperature conditioning (Pisano et. al., 1972). 

However, quantita·:ion of some derivatives is still not 

acceptably reproducible and PTH-arginine cannot be 

identified at all. The need to trimethylsilylate some PTHs 

involves a second 50 minute chromatograph which increases 

time and costs of identification. 

7 

As early as l973, reports were published recommending 

the use of high pressure liquid chromatography for identifi­

cation and quantitation of PTH amino acids. Zimmerman and 

Pisano (1973) realized the potential of using HPLC, reporting 

that it was 10 to 20 times more sensitive than GLC. In this 

early report, a reverse phase C-18 column was used in a 

gradient -elution scheme involving O .. 01 M sodium acetate buf­

fer, pH 3.8, and acetonitrile. As with most pilot projects, 

resolution was not good. Separation of all phenylthiohydantoins 

except PTH-His and PTH-Arg was reported two years later, using 

a Hexane/methanol/propanol gradient system and a 40 ~inute run 

(Hatthews et. al., 1975). (For 3 letter abbreviations qf amino 

acid8, see Appendix A.) In this study, some peaks coeluted, . 

but the authors used the fact that some amino acids (e.g . , Thr, 

Lys) give doublet peaks to resolve the coelution problem. 

According to a study published the following year, HPLC has 

several advantages over TLC or GLC for PTH amino acid analysis: 

(1) better identification is possible due to increased sensi­

tivity, except for Met/Val, (2) sample can be recovered, intact, 

for further analysis, and (3) it is the most reliable method 

of identification pe1 dollar spent (Downing and Mann 0 

' I \ I\ i ' 
~ t l . : )'-.' ,,.·.\\' .. ·· Lu1,u 

\ -- 'h <. I ,'I ' ~ - ' 
, ,,, , ._ii. ...... \..., 

1976). 
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Zimmerman et. al. (1976) repor ted the use of better column 

packings, e.g., Zorbax ODS (Dupont) and Permaphase ETH (Dupont), 

which improved resolution and sensitivity of detection of 

phenylthiohydantoins over previous reports. Both columns 

were operated simultaneously and the residues that were not 

separated by one column were easily resolved with its cc~­

plimentary column in under 20 minutes. The water soi~ble 

reciidues, PTH-His and PTK-Arg, were analyzed separately . 

Since 1976, several reports of a single column method 

of analysis have been published, using a variety of differ ent 

solvents, temperatures, and columns. Zimmerman et. al. (1977) 

recommended a shorter, wider Zorbax ODS column at 62°C, using 

a gradient elution with 0.01 M sodium acetate buffer, pH 4.5, 

and acetonitrile. Under these conditions, all 30 amino acids 

were eluted in less than 20 minutes. However, serine and glu­

tamine coeluted. Using the same column, 0.02 M sodium acetate 

buffer, pH 5.0, and a ~etonitrile, it was reported that all 

amino acids can be elut ed and distinguished in 26 minutes 

(HunRapillar and Hood, 1978). It was further noted in this 

report that threonine is better detected at 313 nm as dehydro­

threonine, rather than at 254 nm, which demands the use of 

either a second detector or a variable wavelength detector. 

Margolies and Brauer (1978) used a Microbondapak c18 column 

(Waters Associates) to separate phenylthiohydantoins. A 

gradient elution using two solvents: (1) 10% acetonitrile/ 

0.01 M sodium acetate, pH 4.0, and (2) 90% acetonitrile/ 0.0l M 

sodium acetate, pH 4.0, was effective for PTH identification. 

However, in several cases, including the more hydrophilic 



residues, which elute: a t the beginning of the run at 

the same elution time, and the pairs Pro/~et and Trp/Phe, 

\1hich coelute, a second run was needed for identification. 

9 

In addition, the PTH-amino acids from the aqueous phase 

required additional time. A reversed phase c8 column was also 

reported to be superior, using an isocratic elution of 25% 

acetonitrile, 75% 0.01 M sodium acetate, pH 4.6 (Abrahamsson 

et. al., 1978). The 75 minutes that is required for elution 

under these conditions is much too long to be compatible 

with the automatic sequencer. 

Methanol, rather than acetonitrile, has also been used 

as the strong solvent in a HPLC gradient elution scheme. Ac­

cording to one report, a c18 Bon.dapak column at room tempera -:' 

ture could be used with reasonable separation results in 20 

minutes (Brown et . al., 1978). The solvents used were the 

following: (1) 1 liter 10% methanol in water, 2.5 ml glacial 

acetic acid, 50 µl acetone, adjusted to pH 4.0 with sodium 

hydroxide, and (2) 1 liter 90% methanol, 0 . 25 ml glacial 

acetic acid. Under these conditions and a 15 minute linear 

gradient from 5% solvent (2) to 45% solvent (2), most amino 

acids were distinguishable except Val and Met, which coeluted, 

and Leu, Phe, and Ile, which were poorly separated. The use 

of methanol rather than acetonitrile is favorable fer several 

reasons: (1) it is l e ss toxic than ar.etonitrile, (2) it i~ 10 

times less expensive than acetonitrile, and (3) Trp is com­

pletely isolated (Zeeuws and Strosberg, 1978). 

The latest report suggests the use of a pH 5.4 sodium 



10 

acetate buffer with a 17:3 mixture of methanol and acetonit­

rile (Johnsori et·. · ~l., 1979). Th~se auth6xs also suggeb~ed 

the use of cyanopropylsilane (CN) co.lt·.mns, due to greater 

column lifetime, highe r s ensitivity, increased column t .o 

column reproducibility, and more reliable resolution of Arg 

and His. A greater than 90% resolution of 19 phenylthiohy­

dantoins in 35 minutes was reported. 

In sullilllary, several analytical methods have been em­

ployed historically to analyze -phenylthiohydantoins. However, 

for either reasons of cost, time of analysis, or sensitivity, 

these methods of ,":inalysis are not ideal especially to be com­

plementary with the sophistication of the automatic sequencer. 

High pressure liquid chromatography shows promise of being 

the current method of choice. However, because it is a very 

young procedure, an optimal program for the elution of PTH 

amino acids needs to be developed. The sequencing process 

can be no better than its detection method; a poor method of 

analysis may rob the automatic sequencer of its effectiveness 

in terms of time and sensitivity. Therefore, it is of con­

siderable importance when engaging in automated sequencing 

to have the best possible means of identification and quanti­

tation. It was the goal of this study to develop such a 

method, also keeping in mind the restraints of cost and time 

of analysis, and limitations of the instrumentation available. 

A number of variables involved in optimizing the separation 

and identification of PTH derivatives· by high pret>sure liquid 

chromatography have been examin~d in the present study. 
0 
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CHAPTER II 

INSTRUMENTATION 

High Pressure Liquid Chromatograph 

In general, the high pressur~ liquid chrowatograph ~s 

of simple design, co~prised of an injection system, high pres­

sure pump, column, detector, and recorder. In addition to 

these basic components, other options such as integrators, 

in-line filters, flow dampene:rs, an oven (to control .:: temper­

ature ), and solvent reservoirs may be added to increase the 

efficiency of operation (Pryde and Gilbert, 1979). 

There are two primary varieties of injection avail­

able on liquid chromatographs: the syringe injection system 

and injection valves. The instrument available for this study 

was a Hewlett Packard High Pressure Liquid Chromatograph, 

Model 1084B, which is equipped with an automatic sampling 

sys tem that will accomodate a maximum of sixty 2 ml vials. 

In addition, the au-cumatic sampler combines with a variable 

volume syringe injector, adjustable for sampling volumes from 

1 µliter to 200 µliters, to provide up to 99 automatic con­

secutive injections per vial. 

Several pumps have also been used in a high pressure 

chromatographic system a few of them being a direct gas pres­

sure system, a constant pressure pump, a reciprocating pump, 

or a syringe pump (Pryde and Gilbert, 1979). The 1084 fea-
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tures two single piGtcn diaphragm pumps wi t h a common drive. 

The pumps include a damping system, to prevent pulses cf flow, 

and a feedback flow control. The ·system operates up to a max­

imum pressure of 400 bar (5800 lb/in2) and has a 10 ml per 

minute maximum flow rate per pump. Dual pumps provide a mul­

tilinear, continuously variable gradient system that is time 

programmable in 0.01 minute increments. Hewlett Packard guar­

antees a flow regulation stability of + e~ . and combinatic..ns 

of flow and gradient programming are possible. 

Depending upon t ~1e mode of separat i on and its se, 

the column varies accordingly with length, width, and column 

packing used. There are several modes of separation tha~ can 

be used with HPLC: adsorption chromatography, liquid-liquid 

partition chromatography , reversed phase chromatography, 

ion exchange chromatography, ion pair partition chromatography, 

exclusion chromatography, and affinity chromatography (Pryde 

and Gilbert, 1979). Reversed phase chromatograp~y, in which 

the column packing consists of a hydrophobic carbon chain bond­

ed to a silica core was chosen for this study. The mob ile 

phase (e.g., a water/methanol mixture) is passed over t his 

support . Polar molecules that have little affinity for t he 

support will elute more quickly than non-polar molecules . The 

detailed mechanism of the action of reversed phase chromatog- . 

raphy has not yet been satisfactorily explained. In the 1084B 

the column compartment will accommodate up to twelve 25 cm 

columns and has an oven which controls temperature 5° above 

ambient to 1000c . 
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The detector sys tem of the 1084B is comprised of c . 

fixed wavelength (254 nanometers) ultraviolet absorption de­

tector. The use of 2 variable wavelength detector or an ex­

ternal detector of any sort (e.g., refractive index, fluoro­

metric, electrochemical, or electron capture detector) is 

possible with this liquid chromatograph, but was not 

available for this study. 

The two solvent reservoirs may be independently 

heated to a maximum of lOU--OC, degassed with a vacuum pump, or 

purged with an inert gas. The 1084B is a processor based, 

keyboard controlled liquid chromatograph. Rate of flow, 

solvent gradient, integrator parameters, chart speed, method 

of quantitat ion , and external contact changes can be imple­

mented automatically on a time basis, during an analysi r·. In 

addicion, flow rates, percent of solvent "B", column and 

pump pressures, oven and solvent temperatures , and dete •.:! tor 

signals can be plotted on the thermal-writer printer/plotter. 

The operator may choose one of four calculation 

methods for the final report: area percent, normalization, 

external standard, or internal standard. Several integrate 

functions, including three methods of baseline resetting, 

peak skimming, peak slicing, tangent skimming, and area 

bunching may also be chosen at the discretion of the operator. 

A box diagram of the component parts of the flow 

pattern of the Hewlett-Packard HPLC may be found in Figure 1. 
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Automated Protein Sequencer 

The Beckman 890C Sequencer was used to automatically 

degrade the prote.in sample into its individual sequential 

amino acid constituents, thus generating the samples for 

analysis for this study. A 200 to 300 nanomole protein 

sample was dried in a thin uniform film along the inside of 

a magnetically-driven spinning reaction cup, subjected to 

a series of reagents that cause the N-terminal amino acid to 

be cleaved from the remainder of the protein or peptide, and 

then deposited in a fraction collector as the ATZ derivative 

of the amino acid. The chemical basis for this "Edman 

degradation" of the protein is outlined in Figure 2. After 

the protein sample is dissolved in a buffer and dried, 

phenylisothiocyanate (PITC) is then deposited in the reaction 

cup to couple with the N-terminal alpha-amino group. A 

benzene wash follows . that removes all excess PITC. A ·strong 

acid, heptafluorobutyric (HFBA), is then introduced which 

cleaves the N-terminal amino acid as the ATZ deriv~tive. 
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CHAPTER III 

MATERIAL AND :METHODS 

Operation of the Sequencer 

After the initial steps of cleaning and drying the 

reaction cup thoroughly, changing the vacuum oil on the high 

and low vacuum pumps, and, if necessary, changing the prepur­

ified grade nitrogen tank, the reagent and solvent bottles 

were filled with sequencer-grade 5% phenylisothiocyanate 

(PITC), dimethylallylamine buffer (DMAA), heptafluorobutyric 

acid (HFBA). benzene, and butyl chloride (BuCl) (Beckman Chem­

icals). All of the following operating parameters were set 

and checked: vacuum of fraction collector, high vacuum, low 

vacuum, temperature of reaction cell, temperature of fraction 

collector, and pressures of solvent and reagent bottles. The 

protein sample, dissolved in 0.5 ml solvent, was then applied 

to the low-speed spin~ing cup and dried in a thin uniform film 

below the undercut lip of the reaction vessel. The protein 

sample used in this study was 10 mg lysozyme (Worthington Bio­

chemicals). The operator then selected the desired programmed 

tape, set the sequencer for the number of cycles to be per­

formed, and initiated the automatic run. 

At the end of the sequence, the va~uum on the fraction 

collector was brol:en and fraction tubes seqt'l.entially containing 

the N-terminal ATZ amino acids of the protein sample whre re-



18 

moved, converted , and analyzed for identification. 

Conversion of Anilinothiazolinone Derivative Amino Acids 

Into· Phcnylthiohydantoin Amino Acids 

Amino acids were removed from the sequencer in th~ 

form of the relatively unstable anilinothiazolinone (ATZ), 

which must be converted to the phenylthiohydantoin (PTH) 

derivative before identification and quantitation. 

s 
H 'N - R' 11 

@ I // c_,... 
H ·Q+ @N _.., C ---N - C l'H N - H 

' c~ 3 ) ' / - ..... 0 s C - C - H 
ll ' 0 R' 

ATZ PTH 

(1) 

The fraction tube was removed from the sequencer and the 

contents dried under nitrogen before 0.2 ml of 1.0 N hydro­

chloric acid (HCl) (Fisher Scientific) was added. The tube 

was then stopperec'. with an inert silicone stopper, mixed on 

a vortex mixer, and incubated at 80°c for 10 minutes. The 

dried residue i•rns then extracted twice with 0. 7 ml acetone 

free ethyl acetate (Beckman Chemicals) and reduced to dr}'ness 

at so0 c using a prepurified grade of nitroger.. This product 

was then ready for analysis . 

Three amino acids, arginine, histidine, and cysteic 
I 

acid, remain in the aqueous phase throughout the extraction. 

In these cases, i f no positive identification was made in the 

organic phase, the aqueous phase was diluted with 1 ml deion~ 

ized water, lyophilized, dried, dissolved in methanol, and 

then chromatographed for identification. 
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Sample Preparation 

After cleavage from the intact protein and conversion 

to the PTH derivative, all dried samples were first diluted 

in a standard volume (100 µliter) of HPLC grade methanol 

(Fisher Scientific). Dilution to such a small volume was 

possible due to the insertion of a size 400 µliter polypropy­

lene centrifuge tube into the standard 2 ml sample vial (H~w­

lett Packard) and severing the top of the tube so that it was 

flush with the sample vial, thus creating a disposable micro­

vial. These disposable vials had the advantage of allowing 

the sample to be diluted to a small volume, yet the level of 

sample was adequate to allow cont-act with the variable volume 

injector. Otherwise, the sample would have necessarily been 

diluted to at least 0.5 ml before injection. A more concen­

trated sample is preferred because a smaller injection volume 

is required, erasing possibilities of overloading the column. 

Also, the detection system need not be greatly attenuated, 

eliminating a large amount of background noise and allowing 

greater flexibility when attempting to detect nanomole quan­

tities. Standard 11 mm t eflon lined caps were then crimped 

onto the disposable vials to prevent sample evaporation. 

Standard PTH Amino Acid Preparation 

· All PTH amino acid standards were obtained from 

Pierce Chemical Company (Rockford, Illinois), dissolved in 

HPLC grade methanol (Fisher Scientific), and stored in con-
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centrations of 1 nanomole per µliter at sub-zero temperatures 

until use. Upon thawing a 10 µliter aliquot (10 nanomole) of 

the standard was injected onto the column at an attenuation 

of 28 x 10-4 absor·.)ance units per cm. 

Buffer Preparation 

The . 0.01 M sodium acetate buffer, pH 5.0, that was used 

for most of this study, was prepared in the following manner: 

14.8 ml of a stock 0. 2 M acetic a cid (11.38 ml glacial acetic 

acid per liter) (Fisher Scientific) was added to 35.2 ml 

stock 0.2 M sodium aceLate (27.2 g NaC2H302·3H20/liter) (Fisher 

Scientific) and then diluted with deionized water to 1 liter. 

The pH of the buffer was checked with an Orion Model 701 dig­

ital pH meter and adjusted accordingly. All buffers were kept 

refrigerated until used. 

Other sodium acetate buffers of various pHs used in 

the optimum pH portion of this study were prepared likewise 

according to Table 1. 

TABLE l 

PREPARATION OF SODIUM ACETATE BUFFERS 

Vol. 0.2 M Acetic Acid Vol. 0.2 M Sodium Acetate 

44.0 ml 6.0 ml 
36.8 ml 13. 2 ml 
25.5 ml 24.5 ml 
14.8 ml 35.2 ml 
8.8 ml 41. 2 ml 
2.3 ml 47.7 ml 

Pl! 
3.8 
4.2 
4.6 
5.0 
5.4 
5.8 
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Operation ·of the High Pressure Liquid Chromatograph 

Before use, all buffers were passed through a 0.22 

micTon filter to prevent blockages in the small-bore stcljJnless 

steel tubing due to particulate matter. This procedure also 

helped to decrease possibilities of bacterial growth. So ~.vent 

A was a 0.01 M sodium acetate buffer which was degassed for 

30 minutes on the instrument at 60°C prior to use. HPLC grade 

methanol prefiltered by and purchased from Fisher Scientific . 

served as solvent B. This solvent was degassed for 30 minutes 

at 400c . 

Pfter filling and degassing the solvents, the flow 

was activated and allowed to equilibrate for 10 to 15 minutes 

to insure a stable pressure level. All operating parameters, 

i ncluding oven temperature,% solvent B, attenuation, number 

of injections per vial, number of sample vials, detector sig­

nal, length of time programs, acceptable minimum and maximum 

pressure levels before pump shut-off, and rate of flow, were 

then selected using the microprocessor-based keyboard. After 

the initial stabilization of all parameters, the first injec­

tion was initiated. 

The shut-down procedure for the high pressure liquid 

chromatograph included a 15 minute flush of the column with 

100% methanol, followed by pump and instrument turn-off. 
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Column 

The reversed phase column that was used for this study 

was a Zorbax C-8 column (Dupont), 4.6 mm. I.D. by 25 cm long. 

As the name implies, the packing is made up of a chain cf 8 

carbons bonded to a silica support. A monolayer of C· ·8 is 

assu.red by the use of a mono:Euncti onal silane reagent. P;,.S 

indicated by the manufacturer, Zorbax C-8 is useful for sep­

arations over a wide range of compounds extending from water . 

soluble to hydrocarbo~ soluble. Such is the case when working 

with a variety of phenylthiohydantoins. 

Method Development on the HPLC 

The ideal elution pattern detennination for mixtures 

of various PTH derivatives involves the study of different 

elution gradient syst~ms to optimize the separation and dif­

ferentiation of the ~arious derivatives . When sequencing a 

protein, there are 20 amino acids that have to be identified 

and quantitated, in hopefully the least possible time, expense, 

and ambiguity, and with the greatest possible sensitivity. 

When trying to separate a mixture of 20 molecules in under 25 

minutes, the primary problem is one of resolution. Two or 

more of the phenylthiohydantoins will coelute until an ideal 

gradient elution time program is obtained. The sequencer 

itself, due to the sequencing program, will produce some inter­

fering sub~tances that will show up on the chromatograph. 

Thus, a second problem: to develop a program not only in 
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which the PTH's elute independently of each other, but one in 

which they elute separately from non-PTH o~ganic artifacts 

generated by the sequenc~r. A scouting gradient from 10% to 

90% Bin 20 minutes was run first. It was noted where, within 

the gradient, the phenylthiohydantoins eluted and the gradient 

was narrowed accordingly by the operator. 

After an acceptable linear gradient system is found 

in which all PTH amino acids are eluted in a short amount of 

time, the operator may then change several parameters withi.n . 

th~ opera.ting limits of the inst·rument in ordt:r to opti.ri.i~e 

the separation. A complete understanding of the principles 

of high pressure liquid chromatography plays an importarn: 

role at this point of the method development, so that each 

run is not merely the result of trial and error, b,1t rather 

an educated experiment aimed at a particular result. The op­

erator at this point of the method should be careful to change 

only one parameter at a time so that a logical order of events 

may occur. The parameters that may be varied with the 1084B 

to effect the best baseline separation are% solvent B, flow, 

oven temperature, and pH of the weak solvent A. Since the 

determination of the optimum pH of the system is the second 

major section of this study, it will not be discussed at 

this time. 

The 1084B may be time programmed to form any series 

or combinations of %Bin addition to timed changes in rate of 

flow that may effectively separate two peaks that would co­

elute in an isocratic run. The operator then uses these tools 
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to achieve 'the desired separation. 

The temperature of the system also affects the reten­

tion times of the phenylthiohydantoins. Changing the temp­

erature is less effective in separating peaks that coelute 

than time programming the flow system because the temperature 

change effects all of the samples more or less uniformly; that 

is, in most cases, if the operator raises the temperature of 

the column, the retention times of all the peaks will be re­

duced. The temperature of the system must, however, remain 

constant. For purposes of this study, the temperature of the 

column was kept at 40°C. 

A second approach to the method deveilopment was a 

differential analysis of several elution syst~ms. The ~£feet 
w 

of the initial %Bin a gradient. system on the resolution of 

the polar amino acids was determined by plotting initial %B 

vs. a capacity factor, sometimes called column capacity ratio, 

which is a measure of solute retention . This capacity factor 

is defined by 

K' = 
tr - to 

to 
(2) 

where tr is the r~tention time of a given peak and to is the 

retention time of an unretained compound. Since retention 

times may vary with small day-to-day differences in flow, the 

use of K' values, which correct for flow variations due to 

the incorporation · of the retention time of an unretained ~om­

Pound; is preferred. A series of different initial %B values, 

from 5% to 29%, were examined. Likewise, the effect of the 

final %Bon the separation of the hydrophobic amino acids was 
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studied, using final %B v alues of 41% to 69%. 

Isocratic systems at different concentrations of 

strong solvent were then studied, in order to ascertain at 

what %B level each amino acid is best eluted. Several factors 

were kept constant during these analyses, including the oven 

temperature (40°C), time of program (30 minutes), flow rate 

(2 ml per minute), and pH of the buffer (pH 5.0). 

The resolution of the peaks in a chromatogram wa.s 

then calculated in several cases to determine whether or not 

a better chromatogram had been developed. The resolution of 

two peaks is defined as 

R - 2 (:: ~ :~) 
(3) 

where t 2 and t 1 are the retention distances and W1 and W2 

are the peak base widths of the peaks i.n qu.estion (Fig. 3). 

It is i mportant to note tha.t t 2 , t1, U1, and Wz must all be 

in the same units (e.g. , distance) .. A "R" value of 1. :, con­

stitutes effective baseline separation for two Gaussian peaks. 

All of the information obtained from the gradien.~ 

elution studies above was combined to produce a chromatogram 

that displayed the optimum separation of 20 phenylthiohydan­

toin derivatives. After this was achieved, the operator 

then progrannned into the microprocessor the desired integrator 

parameters and me thod of quantitation of PTH amino acids. 
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pH Studi·es 

In order to determine the optimum pH level for max­

imum separation of 20 PTH amino acids. each amino acid "'as 

tested with a variety of sodium acetate buffers, differing 

only in pH, keeping all other factors constant. The reten­

tion times at each pH level were noted and the most desirable 

pH level was selected using a plot of pH level vs. the capa­

city factor, or K' value. This plot enables the operator 

to readily discern the most effective pH level at which all 

PTH amino acids are u~equivocally identified. Since pH will 

affect the more hydrophilic PTHs, the best chromatogram 

from the gradient studies which best separated the more hy­

drophobic residues was chosen for this study. 

Identification of Protein Residues 

As a test of the effectiveness of the method devel­

oped, 10 mg of a protein standard (lysozyme) was seque.nced, 

converted, and analyzed on the HPLC qualitatively and quan­

titatively. Results were compared to the published sequence 

of this protein. 
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CHAPTER IV 

RESULTS 

The re sults of this study will be developed according 

to the following format: 

1. Results of a progressive gradient system anal~-sis 

2. Results of a differential analysis of several 

HPLC sys!.:ems 

3. Results of pH studies 

4. Testing of the method developed by anaylsis of 

protein sequence residues 

In all cases, the printout of the Hewlett Packard 

High Pressure Liquid Chromatograph is to be interpreted as 

explained in Table 2. A few points should be noted. In many 

printouts, solvent A and solvent Bare not heated; they are, 

rather at room temperature . The explanation is that after 

the initial "degassing" procedure, in which a vacuum is nu lle d 

on the heated solvents, the heater is in most cases ~urned 

o :f . This has no eff ec t on any results because even hea ted 

solvents cool in the stainless steel tubing before they reach 

the column . Therefore, only the oven temperature surrounding 

the column is critical. Another consideration is the time 

programming. At the end of every timed program, there is a 2 

to 3 minute isocratic period in which the mobile phase com­

position is returned to its original state. This is to in­

sure flow and column pressure stability and equilibration 



TABLE 2 

PRINTOUT OF HEWLETT PACKARD HIGH PRESSURE LIQUID CHROMATOGRAPH 

PRINTOUT 

FLOl,J 
%8 
COLUMN P 
MAX P 
MIN~ 
S-TEMP A 
S-TEMP 8 
OVEN TEMP 
UV SGNL 

CHT SFD 
ZERO 
ATTN 2t 
AREA REJ 
SLP SENS 

8.00 %E: 
13.00 ~8 
15.00 %B 
21. 00 %E: 
23.00 %E: 
25.00 %8 

2.00 
1 :=:. 0 

400 
0 

E,0 
40 
40 

1.00 
10.0 

8 

1.00 

25.00 STOP 

,. ,-, ..... 
l • ✓ •=' 

17.7 
243 

•'j~ ~·-' 
21 .-q.l::1 

5000 

18.0 
40.0 
50.0 
50.0 
18.0 
18.6 

I ::n ERPRETATION 

Flow set at 2 ml/min; Reads at 1. 96 ml/min. 
%B set at 18%B; Reads at 17.7%B 
Column pressure reads 243 bar 
Haximum pressure allowable before pump shut-off 
Minimum pressure allowable before pump shut- off 
Temp. Solvent A set at 60°C; reads 23°C 
Temp. Solvent B set at 40°C; reads 21°c 
Oven temp. set at 4C°C; reads 40°C 
Detector is a UV Spectrophotometer, 254 nm 
Chart paper moves at 1 cm P!r minute 
Baseline located at 10% of 4uil scale 
Attenuation at 28=256 x 10- absorbance units per cm 
Peak areas less than 5090 not reported 
Slope sensitivity= 1 

Mob i le phase composition= 
Mobile phase composition= 
Mobile phase composition= 
Mobile phase composition= 
Mobile phase composi.tion = 
Nobile phase composition= 
Stop program at 25 minutes 

18%B at 8 minutes 
40%B at 13 minute8 
50%B at 15 min~tes 
50%B at 21 minutes 
18%B at 23 minutes 
18%B at 25 minutes 

'.'-' 
\D 
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of these parameters is necessary for good reproducibility. 

Figure 4 illustrates the mobile phase composition a& program­

med in the example in ';'able 2. 1 

Figure 5 illustrates a sample chromatogram in which 

all of the PTH- amino acid peaks are labelled appropriatP.ly. 

It should be noted that the numbers above the peaks are re­

tention times in minutes, and that gli'tches appearing at the 

baseline of a peak indicate where integration of the area 

under the peak begins and ends. Individual PTH amino acid 

standards were run to confirm the naming of each peak in the 

mixture. 

Before beginning the method development, several con­

ditions were set as the basis of the study. A reversed phase 

column, C-3, was used throughout, due to its versatility and 

applicability to this system. A methanol/sodium acetate 

buffer mixture was chosen to be the mobile phase: methanol, 

because of its relatively low cost and toxicity, and a buffer 

because of its ability to maintain pH. It was also assumed 

at the onset of this study that a gradient elution would b e 

necessary due to the varying polarities of phenylthiohydan­

tions. Finally, the temperature of the column was maintained 

at 4QOC at all times. 

Progressive Gradient System Analysis 

The first approach taken in tbe method developm~n-~ 

of the analysis of PTHs was the progressive application of 

' s1;:veral gradient systems in a logical manner to the high 
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pressure liquid chromatograph in order to separate the 20 

phenylthiohydantoins gccording to the best possible elution 

scheme . 
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The fi r st ch 1-orna t ogr am run was a "scouting gradient," 

in which %B was linearly increased from 10% to 90% in 25 min­

utes. The results of this chromatogram are displayed in Fig. 

6. One will note that the peaks elute between 4.12 and 

17.63 minutes, which correspond to 23.18%B and 66.42o/..B, re­

spectively. Therefore, in order to narrow the gradient, the 

second chromatogram run included a time .program of 20%B 

through 70%B in 25 minutes (Fig. 7). The first and last 

peaks now elute between 25.28%B and 59.40%B. A third "nar­

rm·dng" of the gradient (Fig. 8) sho\-~ed the peaks eluti~g 

within 25 minutes at a linear gradient of 20%B to 60%B. It 

was felt that the first peaks were being driven off too fast, 

so the final linear range of 15%B to 60%B was found to be a 

good basis from which to start a study of phenylthiohydantoin 

resolution. (Fig. 9) 

Upon investigation, it appears that th.ere are two 

main areas of coe l ution in a linear gradient system. The 

first task undertaken was to try to separate the ·hydrophilic 

residues in order to achieve baseline resolution. Over 100 

chromatograms were run, each one representing a little di£·· 

ferent elution scheme, until the separation illustrated in 

Fig. 10 was achieved . Only the time programming of the %B 

concentration was al t ered during this portion of the method 

development. It was found that an isocratic mobile phase 

composition of 18%B for 8 minutes allowed Thr/Gly/Gln to be 



Fi·· (., • 

F\.. Ol~ 
• .• E: 
,: 1) LUr·1tl p 
r: 11X F' 
MIii p 
·~ -,E r·1t=> Ft 
':- -TE MP ;:: 
O"•:'Ett T~ r·t,., 
1)'./ :'; GNL 

2 . ~£ 
IO . c! 

400 
Cl 

,;;J 
., (! 

·Il l 

1. nu 
l ( J . U 

l . ·:" S 
! 0 . 0 

I •~ ,; 

.::-1 
2.;· 
•IIJ 

L' IIT 3 P!J 
:~ F. r-· o 
11 THI .? ·t 
F1RE A RF.J 
SLP $EMS 

5 .J00 
I . OU 

25 . 00 
2:-.00 
:w . 00 
3 0.00 

;;a 
•:8 
%8 
STOP 

! t l J ·:,T~P. T 

_I 
~ •~?,:{(f 

9 £! . • 
1 0 . 0 
l(J. • 

l;_·~· 
============================::-:-=- d. 12 _( .. 

6. 

- -----------·----·=------- ~. 98 

·--­- ·-•- - . , •. • r::: -- .... •• . 

.c - ===============-- 11. 49 

L 
1 7 . i:l.? 

17.33 
17.63 

.l6 .8tl 

Gradient Elut ion P~ofile (Sccuting Gradient) 

34 



C-Ll)l,J 2 , 00 1 ,·:-8 
~B 20 ,0 1~.6 
COLUM H P 22 1 
Ifft i< P ,;. l:l [J 

MIii P 0 
S -TEMP A 60 24 
$ -TEMP B 4El 23 
,:,•,/El l TEMF' ·10 •10 
U'/ Z GtlL 

CHT ::;PD 
=EP.O 
ttT ft l 2't 
ftREH P.F.J 
S LP SENS 

25 . 0lil %8 
27 . 1:JO :~s 
,r;i rl Cl 'lA 

l . C!U 
1n.o 
:j 

I . 0 0 

_JJ-

f 
q ., ·~~~ 
l . "t2 

r 
.c 

[ 

• i:, ,· 

::iEI OEJ 

70. • 
2 0. • 
?A , R , 

-, 

: ·===rm.ma:: a:u=-

.. .,. 
r;; . O •J 

7,07 

11.t>~ 

1 5 . l 3 

15 .74 
10. zu 
1 Ii, ,3,~ 

>-- 19. 2 8 
19.7£1 

s.22 

Hl,77 

Fig. 7. Gradient Elutio11 Profile (20%B through 70%B) 

35 



F!...01 .• J 2 . ~• 1 •:. :-, 
' ;8 2 U.0 21J . 7 
CO LU MN P 2 13 
1-1 11'.•: P ·IO U 
r·IIM P 0 
S -T EMP Ft .; rJ .·'.• I 
S -TE MP U ~U 2J 
OV EM TEMP 40 40 
UV SGflL 

CHT SPD 
::ERi) 
flTHI 2 '~ 
AREA RS-1 
SLP SENS 

2~: . 0 0 
27.00 
:rn. oo 

~: B 
%8 
:~B 

l • 0 0 
l El. El 

8 
5000 

1.00 

':, ~. tJ 

2El.0 
20.EJ .-- -J 

.-? n}:'$"';) 
1.42 - i 

-:::::=::===================-

") 

5.99 

.;.96 
7.4, 

l 1. 1 7 ._r-

17.El5 

...c::_=~~======~ l7.$u ====~- 18.42 ·:_c _____ _ 

[ 

r 

4.Dil 

4.93 
5.:i7 

21.as 

Fig. 8. Gradient Elution Profile (20%B through 60%B) 

36 



Fig. 

FLOW 

COLUMtl P 
~IA~ P 
MIi-i P 
·;-TSMP A 
·:--TEMP B 
1)'./E~I TE :·1P 
UV S GIIL 

CHT SP!i 
=t::R •) 
llTTt l 2 1' 
i1RE11 P.E.J 
S LP SENS 

2 . no 
1 5 .0 

4 0 0 
a 

60 
40 
•10 

1.na 
11:.1. 0 

8 

! . 00 

· 25 . 12JO 
27.00 
30 .<! El 
30.00 

%8 
%B 
%B 
STOP 

( <i. l ~ 
=>, ~ ..,,7 r '· ~ .. •,;~ 

___ L;- . ~.;;-=-- ,. . ..,. 

! . '?. 
1 '5 . a 

2 15 

24 
23 
•I [J 

5CJ U0 

6 O.O 
2O . a 
20 .0 

r - - -=--------· --== ---------

9. 

I 

---_ -_ -_ -_ -_ ---========----
..£ 

·3 . ·?::: 

-------

_£-===========~-

15. 0~ 

l ~ . t:, Q . 

2£. • 9 

.,; , l 4 

[ 
---=::;;;:~::============.::=:=====-===:;:;:====-==::.a .:~ • ! I ~<===_=...,,_~~-;~-~~~-~~: ~~-: ,,.;,:·~j~-~--

- .;mra.lA- 24 ••"' r· 
Gradient Elution Profile (15%B through .60%B) 

37 



FLC•l•J .2 . 00 1 . ·?::1 
:-:a 18 . • !7' . ~ 
COLU MN P 2 0 :3 
Ml'f :~ P -+CO 
1·1 I ~I P LI 
':, - T E MP ,; 60 2• 1 
·~ - T E MP -10 2 "J 
,:,vE l'I T E l'IP •10 ·IU 
U'v' SGNL 

,: 11T SP!J 
ZEP. O 
ATTII 2 1" 
ffR Eft RE J 
S LF' SENt, 

:;: . 00 
1 2 . fl0 
.l ::- . 00 
25 . OEJ 
27 .00 
:rn . 00 

,~o 
:~a 
::s 
%8 
%8 
~;B 
,..-rnn 

I. UU 
1 0 . 0 

5BOO 
1.00 

I:;; . i f 
.. 0.0 
,:,(J. 0 
6 • .a 
1 8 . • 
18.0 

=J 
I -_-_-_-_::_-_-_-_-_-_-_-_-_-_ -----=======-=----

C -========-==---· •:J . ,·u 

-=-
--==· 

1-:,. 99 
20 .. 52 

::~/i~2~~ 

, ,:. , ;.:L- l t- . ',8 

S.05 

51 

1..5.,_. ,: 

1 8 . ,:.~ 

,;811 • ~7 
l ?.. _..._ 

= 15.38 
www _, ... ..- I :S, 8!; 

-.. --~ l~:~~ 

18. c;.~ 
l S-. S~ 

38 

Fig. 10 Gradient Elution Profile. (Separation of Thr/Gly/Gln) 



39 

nicely resolved. It was also noted that it was detrimental 

to raise the %B too sharply after the 8 minute isocratic por-

tion of the chromatogram. 

The rationale used to achieve better separation in-

volved an understanding of the effects of the composition of 

the mobile phase. Several gradient programs were tried, but 

none could produce the resolution that the isocratic progra.n 

produced . Several isocratic %B levels were ru~; it was no~ed 

that above 18%B, the peaks were less resolved and that below -

18%B, the program was becoming too slow to be completed with­

in the 30 minute time frame. After the best mobile phase 

composition was decided upon, it was then tested upon the 20 

PTH mixture for varying lengths of time. It was found that 

an 8 minute isocratic program was adequate to effectively 

resolve the phenylthiohydantoins in question. 

The second problem area tackled was in the range of 

the more non-polar amino acids, expecially Lys/Phe, which co­

elute. Again, many different time programs were tried and 

examined, using the same rationale described above. In thi-., 

case, however, altering only the mobile phase composition was 

not as effective as it was in th-e previous example. The 

chromatogram that illustrates the best separation found is Fig. 

11. All PTH amino acids are separated and resolved and elute 

Within the 25 minute time frame. Attempts to improve resolu­

tion by changes in flow rate were unsuccessful. 
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Differential Analysis of Severa1 HPLC Systems 

The second approach taken in the method development 

was a statistical analysis of several HPLC gradient sys tems. 

The knowledge and information gained from this study could 

be applied to the chromatogram developed to this point. 

The effect of the initial %B (%Bi) on the separa·tion 

of the polar phenylthiohydantoins was the first project. 

Several chromatograms, differing only in the initial %B, 

were run and the results calculated (Tables 3,4). A plot 

of %Bivs. K' values of the phenlythiohydantoins (Fig. 12) 

indicates that between 11%B and 15%B, Glu and Asn coelute, 

and that above 15%B, Gly and Gln will coelute. As %Bi 

increases, there seems to be a "crowding" effect on the 

phenylthiohydantoins. However, at the lower ~:~B levels, th~ 

program becomes too slow and the non-polar PTHs that are 

eluted last are not effectively separated. This knowledge 

complements the chromatogram developed in the progressive 

analysis; that is, no gradient elution tried was effective in 

the satisfactory resolution of Thr/Gly/Gln. Therefore, it 

was concluded that the isocratic timing at 18%B was probably 

the best that could be done under these conditions. 

Secondly, a study was conducted on the effect of 

final %B (%Bf) on the resolution of non-polar phenylthiohy­

dantoins. The results were calculated (Tables 5,6) and 

Plotted (Fig. 13) as above. In the %Bfs studied, at no point 

did Lys and Phe elute separately; however, it was noted that 

there was a "tendency" to separate with increasing %Bf. 



TABLE 3 
RETENTION TIMES OF HYDROPHILIC PHENYLTHIOHYDANTOINS WITH VARIATIONS IN INITIAL MOBILE PHASE 

COMPOSITION 

Retention Times (Minutes) 
%B;* Asp ~ Glu Asn Ser Thr Gly Gln Io** - -
5% 6.03 8.81 9.67 10.46 11.10 12.41 12.91 13.31 0. 94 

7% 5.26 7.96 8.87 9.27 10.26 11. 60 12.20 12.50 1. 03 

9% 4.95 7.69 8.51 8.86 9.84 11.13 11. 79 12.27 1. 01 

11% 4.44 7.04 7.96 7.96 9.16 10.41 11.16 11. 55 1.00 

13% 3.98 6.44 7.44 7 . 44 8.49 9.67 10.48 10.81 1.00 

15% 3.60 5. 76 6.82 6.92 7.79 8.92 9.75 9.75 0.99 

17% 3.17 5.08 6.18 6.39 7.08 8.07 9.00 9.00 0.96 

19% 2.95 4.59 5.63 5.90 6.65 7.48 8.40 8.40 0.97 

21% 2.69 4.07 5.03 5.38 6.11 6.71 7'.46 7.46 0.93 

23% 2.31 3.40 4.30 4.75 5.51 5.91 6.78 6.78 0.93 

25% 2.14 2.99 3.81 4.30 5.02 4.48 6.16 6 . 16 0.93 

27% 2.01 2.65 3.38 3.90 4. 56 5.03 5.56 5.56 0.91 

29% 1. 91 2.39 3 . 02 3.56 4.15 4.60 4.99 4.99 0.90 

k Initial Mobile Phase Composition ,I:--** Retention time of an unretained compound t'-> 



TABLE 4 

CAPACITY FACTORS OF HYDROPHILIC PHENYLTHIOHYDANTOINS WITH VARIATIONS IN INITIAL MOBILE 
PHASE COMPOSITION 

CaEacity Factors {K') 
%Bi* Asp ~ Glu Asn Ser Thr Gly Gln 

5% 5.41 8.38 9.29 10.13 10.81 12.20 12.73 13.16 

7% 4 . 11 6.73 7 . 61 8.00 8.06 10 . 26 10.85 11.14 

9% 3.90 6.61 7. 43 7.77 8.74 10.02 10.67 11.15 

11% 3.44 6.04 6.96 6.96 8.16 9.41 10.16 10.55 

13% 2.98 5.44 6.44 6 . 44 7.49 8.67 9.48 9.81 

15% .I. 64 4.82 5.89 5.99 6.87 8.01 8 . 85 8 . 85 

17% 2.30 4.29 5.44 5.66 6.38 7.41 8.38 8.38 

19% 2.04 3.73 4.80 5.08 5.86 6.71 7.66 7.66 

21% 1. 89 3.20 4.41 4.78 5.57 6.22 7.02 7.02 

23% :.48 2.66 3.62 4.11 4.92 5.35 6.29 6.29 

25% 1. 30 2.22 3.10 3.62 4.40 4.89 5.62 5.62 

27% 1. 21 1. 91 2.71 3.29 4.01 4.53 5.11 5.11 

29% ..__ 1.12 1. 66 2.36 2.96 3.61 4.11 4.54 4.51 

*Initial Mobile Phase Ccmpusition -t:-
w 



FIG. 12 

l.J 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 
~ 

4 

3 

2 

1 
I 
L..... 

5 7 9 

EFFECT OF % Bi ON SEPARATION OF 

HYDROPHILIC PTH AA s 

---..... ---t .... .___ ___ -----. 

,_._--••------•--

11 13 15 

% Bi 

17 19 21 23 25 27 

Gly/Gln 
Thr 
Ser 
Asn 

Glu 
Cys 

--. Asp 

29 

... 
.E--



TABLE 5 

RETENTION TIMES OF HYDROPHOBIC PHENYLTHIOHYDANTOINS WITH VARIATIONS IN FINAL MOBILE PHASE 
COMPOSITION 

%Bf* Pro Met 
Retention Times {Minutes) 

Val Trp Lys Phe Ile Leu T *1--=-e-

41% 25.99 27.54 - - - - - - 0.96 

43% 24.93 26.27 27.04 - - - - - 0.99 

45% 23.97 25.20 25.92 27 . 23 - - - - 1.00 

47% 22.95 23.99 24.61 26.31 - - - - 1. 01 

4oa• ;,, lo 22.12 23.19 23.82 25.14 - - - - 1. 01 

51% 21.40 22.39 23.00 24.21 27.08 27.08 27.68 - 1. 02 

53% 21.02 21.93 22.52 23.59 26.27 26.27 26.79 27 -. 38 1. 03 

·. 55% 20.16 21. 03 21.58 22.61 25.14 25.14 25.65 26.15 1.03 
"' 

57% 19.62 20.43 20.96 21.90 24.29 24.29 24.80 25 . 27 1.02 

59% 19.10 19.87 20.38 21.25 23.52 23.52 24.03 24.48 1.01 

61% 18.62 19.34 19.83 20.63 22.79 23.32 23.32 23.75 1. 01 

63% 18.04 18. 72 19.20 19.94 22.00 22.00 22.53 22.94 1. 01 

65% 17.63 . 8.27 18.73 19.41 21. 37 21. 37 21.91 22.31 1. 01 

f-7% 17.25 17.86 18.31 18.94 20 . 80 20.80 21.31~ 21. 74 1. 01 
+:--

69% 16.85 17 . 44 17.87 18.46 20.23 20.23 20.80 21.17 0.99 Ln 

*Final Mobile Jhase Composition i<·*Retention time of an unretained compound 



TABLE 6 

CAPACITY FACTORS OF HYDROPHOBIC PHENYLTHIOHYDANTOINS WITH VARIATIONS IN FINAL MOBILE PHASE 
COMPOSITION 

%Bf* Pro 
CaEacit! Factors {K'2 

Met Va TrE Lys Phe Ile Leu 

41% 26.07 27.69 

43% 24.18 25.54 26.31 

45% 22.97 24 . 20 24.92 26.23 

47% 21. 71 22. 75 23.37 25.05 

49% 20.90 21. 96 22.58 23.89 

51% 19.98 20.95 21. 55 22.74 25.55 25.55 26.14 

53% 19.41 20.29 20.86 21.90 2!+. 50 2.1+. 50 25.01 25.58 

55% 18.57 19.42 19.95 20.95 23.41 23.41 23.90 24.39 

57% 18.24 19.03 19.55 20.47 22.81 22.81 23.31 23.77 

59% 17.91 18.48 19.18 20.04 22.29 22.29 22 . 79 23 . 00 

61% 17.44 18.15 18.63 19.43 21.56 21.56 22.09 22.51 

63o/o 16 . 86 17.53 18.01 18.74 20.78 20.78 21. 31 21. 74 

65% 16.46 17.09 17.54 18.22 20.16 20.16 20.69 21.09 

67% 16. 08 16.68 17.13 17.75 19 . }~ l~.59 20 . 15 20.5 2 

69% 16 . 02 16.62 17.05 17.65 19.43 19.43 20.01 20.38 ~ 
O"I 

* Final Mobile Phase Composition 
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Below 50%B, the elution is too slow to allow these PTHs to 

pass through the column within the 30 minute time period 

desired. This knowledge, also, supports the method developed 

to this point; it was felt that no gradient elution at the 

end of the chromatogram would resolve Lys/Phe as well as the 

isocratic system developed. 

The third project involved a study of several isocratic 

systems. Isocratic elutions at 20%, 30%, 40%, 50% and 60%B 

were examined. It was noted that the polar phenylti~iohydan­

toins eluted best at 20%B, the intermediate P'::'lls (A.la, Arg -

Tyr) at 30%B, and the hydrophobic PTHs at 50%B (Lys/Phe very 

well resolved). Again, it appears that the time program 

developed by a systematic changing of elution parameters was, 

in actuality, the best possible program under these conditions. 

The gradient employed does facilitate elution of the various 

PTHs at their optimum mobile phase composition to produce 

nicely shaped Gaussian peaks at the fastest possible time. 

Effect of pH on Gradient Analysis of Phenylthiohydantoins 

During this portion of the study, the gradient profile 

that was chosen as the best eluting profile in terms of 

resolution of phenylthiohydantoins was run several times, each 

time altering only the pH of the sodium acetate buffer. 

Table 7 lists the retention times and capacity factors (K') 

of the PTH residues under these variable conditions. It 

should be noted that the reversed phase column can be 

destroyed by pH extremes; therefore, this study was cond cted 



TABLE 7 

RETENTION TIMES AND CAPACITY FAC'fORS OF PHENYLTHIOHYDANTOINS WITH 

VARIATIONS IN pH 

Retention Times (minutes) Cazacity Factors (K') 
pH3 . 8 pH4.2 pH4.6 pH5.O pH5.4 pH5 . 8 pH3.8 pH .2 pH4.6 pHS.O pH5.4 

Asp 6.85 4. 97 3.58 3.14 2.98 2. 77 5.65 3.97 2.58 2.05 1. 98 
Cys 13.61 7. 39 5.94 5.32 5.06 4.87 12.21 6.39 4.94 4 . 17 4.06 
Glu 14 . 25 13.51 9.94 6.82 5.44 4.50 12 . 83 12.51 8.94 5 . 62 4.44 
As:1 7.59 i'.44 7.44 7.48 7.46 7.42 6.37 6.44 6.44 6 . 26 6.46 
Ser 7.58 7 .53 7.63 7.61 7.65 7. 71+ 6.36 6.53 6.63 6.39 6.65 
Thr 9.39 8.91 9.39 9 . 32 8.97 8.50 . 8.12 7.91 8.39 8.05 7.97 
Gly 11.12 11 . 11 11. 42 11. 54 11. 24 11. 28 9.80 10.11 10.42 10. 210 10.24 
Gln 11.96 12.30 12.38 12. 70 12.41 12.47 10.61 11. 30 11.38 11. 3.3 11. 41 
His 15 . 73 16.15 15.79 15.00 15.24 14.50 14.27 15.15 14.79 13.55 14.24 
·Ala 15.01 15.03 15.11 15.18 15.09 15.06 13.57 14.03 14.11 13. 7/+ 14.09 
Tyr 15.68 15.69 15.75 15.73 15. 71 15. ::~ 14.22 14 . 69 14.75 14.27 14 , 7J 
Arg 16.46 16.46 16.55 16.96 16.89 16 . 87 14.98 15 . 46 15.55 15.47 15.79 
Pro 17.60 17.61 17.70 17.68 17.66 17. 66 16.09 16 . 61 16.70 16 . 17 16.66 
Met 17.96 17.96 18.05 18.02 18.00 1e . O1 16.44 16.96 17.05 16.50 17 . 00 
Val 18.33 18.33 18 . 42 18.39 18.34 18.38 16.80 17.33 17.43 16.85 17.34 
Trp 18.63 18.63 18.72 18.68 18.68 18.67 17.09 17.63 17.72 17. ll~ 17.68 
Lys 20.54 20.54 20.66 20.62 20.65 20.61 18-. 94 19.54 19.66 19.02 19 . 65 
Phe 20.92 20.93 21. 05 21.01 21. 00 20.99 lY.31 19.93 20._05 19.40 20.00 
Ile 21.45 21.46 21. 59 21.56 21.55 21. 5j 19.83 20.46 20.59 19.93 20.55 
Leu 22.31 22.33 22.46 22.42 22.37 22.39 20.66 21. 33 21. 46 20.77 21. 37 
T * 0 

1. 03 1.00 1.00 1. 03 1.00 1.03 

* Retention time of an unretained compound 

QH5.8 
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over the moderate pH range of pH 3.8 to pH 5.8. 

Alterations in the pH had little or no effect on the 

elution times of the more hydrophobic amino acids that elute 

late in the elution profile. This observation would be 

expected due to the fact that these non-polar amino acids 

are driven off the column primarily by methanol, the strong 

solvent, an9- are therefore not affected by the sodium acetate 

buffer. 

The retention times of the more polar amino acids, 

however, are in some cases very drastically changed with 

variations in pH. Glutamic acid eluted almost 10 minutes 

later when the pH is decreased from 5.8 to 3.8. Cysteic 

acid and aspartic acid also demonstrated an increase in 

retention time with decrease in pH. These increases in reten­

tion times at the more acidic pH levels cause a "crowding" 

effect of the elution pattern of the phenylthiohydantoin 

chromatogram, due to the fact that the first amino acids 

elute later and the latter amino acids are not affected. 

Analysis of Protein Sequence Residues by HPLC 

Lysozyme, an enzymatic protein comprised of 129 amino 

acids, was placed on the Beckman 890C for sequencing. A 10 

mg sample of the protein was used, and the instrument was pro­

grammed to cleave the first 10 amino acids. After conversion, 

these residues were analyzed by HPLC using the method 

developed in this study . Chromatograms .of representative 

residues are shown on Figs. 14, 15, 16. The amino acid 
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sequence of the first 10 amino acids is known to be 

Lys-Val-Phe-Gly-Arg-Cys-Glu-Leu-Ala-Ala (Canfield, 1~63). 

Fig,ure 14 represents the chromatogram of Residue ifal, Figure 

15, Residue #2, and Figure 16, Residue #9. These residues 

were identified as Lys, Val, and Ala, respectively. Two 

artifacts, degradation products of the sequencE:r, appear on 

all of the 9hromatograms at 18.55 minutes and 21.13 minutes. 

In the case of the later eluting artifact, it is unfortunate 

that it coelutes with PTH-Phe. However, back hydrolysis and 

amino acid analysis would confirm the identity of this PTH 

derivative. In previous elution programs, both artifacts 

coeluted with at least one PTH; therefore, this project was 

successful in improving the identification of two PTH amino 

acids (Val, Lys) that were in former cases indistinguishable 

from artifacts. However, the problem of the artifacts was 

not successfully resolved entirely, and 19 out of the 20 

amino acids can now be unequivocably identified with one 

gradient elution profile. 

1· 
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CHAPTER V 

DISCUSSION OF RESULTS 

This study involved several aspects of the analytical 

technique of high pressure liquid chromatography. The 

identification and quantitation of phenylthiohydantoins, t~e 

products of protein sequencing, were accomplished. During 

this study, a variety of HPLC parameters were investigated 

to determine their effect on the resolution of PTH derivatives 

of amino acids. 

It was found that the mobile phase composition of the 

system was the single most important parameter, without alter­

ing solvents, temperature, or column type. This fact was 

demonstrated throughout the method development. A change 

in the %B was in most cases the most effective modification 

to affect peak resolution (e.g .• Lys/Phe, Thr/Gly/Gln). 

Changes in flow rate also affect the retention times 

of solute peaks. However, this parameter was not fcund to 

be useful in the resol11tion of phenyJ.thiohydantoins. Fc•r 

this reason, a constant flow rate of 2 ml per minute was used 

throughout. 

The effect of the pH of the weak solvent (i.e., sodium 

acetate buffer) on the elution pattern was a major portion 

of this investigation. This parameter, although having 

drastic effects on the retention times of some PTHs (e.g., 
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Glu, Asp, Cys), was net found to be effective in this study. 

At the lower pH levels , the crowding of some peaks due to 

longer retention times caused a loss of resolution. (At 

pH3.8, Asn and Ser coelute. At pH4.2, Asn and Cys coelute). 

At the higher pH levels, the Glu and Cys peaks elute very 

close to each other. The knowledge of the possible detri­

mental effects of pH extremes to the column, together with 

the observations noted above, led to the conclusions th.::i.t 

a sodium acetate buffer at pH 5.0 was probably the m0st 

b€.neficial in the identific.ition of phenylthiohydantoir,s and 

that changes in pH did not improve the resolution of PTH 

chromatographic peaks. 

It should be emphasized that the results of the 

method development using a logical sequential progression 

of differing the mobile phase composition corresponded 

quite well with the differential analysis of the gradient 

systems. In the studies of the effect of initial %Band 

final %B of an elution scheme, it was concluded that at no 

particular mobile phase composition could all PTH amino acids 

be separated. In order to resolve Thr/Gly/Gln, or Lys/Phe, 

a period of isocratic elution was required. The chromate­

graphic scheme that was developed did, in fact, contain 2 

periods in which the %B remained at the same level. Likewise, 

the mobile phase composition at each point of a PTH peak 

corresponded well with the isocratic elution studies to 

produce well-defined, nicely shaped , peaks. 
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In order to s tatistically prove that the program de­

veloped was superior to previous gradient elution schemes, a 

comparison of the resolutions (R) of all 20 PTHs of the 

first "scouting" chromatogram. (Fig. 6), an, intermediate 

chromatogram of a linear gradient scheme (Fig . 9), and the 

final chromatogram (Fig. 11) was conducted. Retention times 

were collected and peak base widths were measured to 

facilitate the calculation of resolution (Tables 8,9). Upon 

inspection, the graph of these resolution results (Fig. 17) 

indicates that the final chromatograph was, in fact, much 

better at resolving phenylthiohydantoins. An "R" value of 

1.5 constitutes effective baseline separation of 2 peaks. 

It is important to note that value s above 1. .5 are of no 

con sequence; that is, bas eline separation is the best r e so­

lution that one can achieve. "R" values above L 5 only 

indicate that the peaks are very widely spread, and, if 

carried to an extreme, may actually indicate a negative 

aspect to an effective chromatogram in which time of analysis 

is important. In the Fig. 6 profile, there are several R 

values that fall short of 1.5. There are also 4 sets of 

peaks that coelute; that is, there is virtually no sepa­

ration (R=O) . The Fig. 9 profile improves somewhat over 

Fig . 6 , (e . g ., Thr/Gly); however, the Fig. 11 profile is by 

far the best. No peaks coelute, and only 4 sets of peaks 

have "R" values less than 1.5; Thr/Gly, Gly/Gln, Tyr/Arg, 

and Lys/Phe . However, although baseline separation was not 

achi eved in all cases, adequate resolution for unequivocal 
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TABLE 8 

RETENTION TIMES AND PEAK BASE WIDTHS OF PHENYLTHIOHYDANTOIN 
DERIVATIVES IN 3 REPRESENTATIVE CHROMATOGRAMS 

Amino Acid Retention Time (cm)* 
Fig.6 Fig.9 Fig.11 

Asp 

Cys 

Glu 

Asn 

Ser 

Thr 

Gly 

Gln 

His 

Ala 

Tyr 

Arg 

Pro 

Met 

Val 

Trp 

Lys 

Phe 

Ile 

Leu 

4.12 

5.98 

6.68 

6.9 

7.86 

8.86 

8.86 

8.86 

11. 49 

11. 49 

12.38 

12.38 

14.80 

15.14 

15.45 

15.69 

16.80 

17.02 

17.33 

17.63 

3.36 

~. 41 

6.14 

6.Yl 

7.78 

8.5b 
8.93** 
9.33 

9.33 

13.19 

13.19 

15.05 

15.05 

18.85 

19.60 

20.09 

20.94 

23.11 

23.11 

23.43 
23.64 
24.07 

2.83 

4. 98 

5.65 

7.83 

9.70 

11. 51 

11.97 

12.49 

14.05 

15.06 

16.08 

16.36 

18.15 

18.54 

18.92 

19.29 

21.33 

21.63 

22.15 
22.42 
23.07 

Peak Base Width (cm) 
Fig.6 Fig.9 Fig.11 

0.25 

0.25 

0.2 

0.5 

0.7 

0.9 

0.9 

0.9 

0.4 

0.4 

0.3 

0 . 3 

0.35 

0.3 

0.35 

0.35 

0.3 

0.4 

0.5 

0.4 

0.2 

0.2 

0.3 

0.3 

0.8 

0.5 
0.7 
0.55 

0.55 

0.3 

0.3 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.3 

0.3 

0.35 
0.4 
0.3 

0.5 

0.5 

0.45 

0.5 

0.45 

0.4 

0.5 

0.4 

0.6 

0.2 

0.2 

0.4 

0.2 

0.2 

0.2 

0.3 

0.4 

0.4 

0.3 
0.3 
0.45 

*Chart paper moves at 1 cm per min; therefore, retention 
values may be in time (min.) or in distance (cm). 

** Elutes as a doublet peak with two retention times. 
Resolution based on peak of doublet that is closest to se::1.~ond 
peak of resolution. 
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TABLE 9 

RESOLUTIONS OF PHENYLTHIOHYDANTOIN DERIVATIVES 
IN 3 REPRESENTATIVE CHROMATOGRAMS 

Amino Acids Resolutions (R) 
Fig.6 Fig.9 Fig. 11 

Asp/Cys 8.27 9.11 5.06 

Cys/Glu 3.50 2.65 1. 91 

Glu/Asn 0.63 2.57 5.49 

Asn/Ser 1. 60 1. 58 3.94 

Ser/Thr 1. 25 1.11 4.26 

Thr/Gly 0 0.64 1. 02 

Gly/Gln 0 0 1.16 

Gln/His 3.29 9.08 2.60 

His/Ala 0 0 2.25 

Ala/Tyr 2.54 6.76 5.10 

Tyr/Arg 0 0 0.93 

Arg/Pro 7.45 7.00 5.97 

Pro/Met 1.05 3.00 1. 95 

Met/Val 0.95 1. 96 1. 90 

Val/Trp 0. 74 3.40 1.4b 

T:cp/Lys 3.42 7.89 5.83 

·Lys/Fhe 0.63 0 0.75 

Phe/Ile 0.69 0.98 1.49 

Ile/Leu 0.67 1. 23 1. 73 
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identification was demonstrated. 

Analysis of actual amino acid residues from the 

sequencer is the final proof of a successful program. Figs. 

14, 15, and 16 exemplify a few chromatograms of the degraded 

protein residues of lysozyme. Except in the case of Phe, 

which coelutes with an artifact generated by the sequencing 

process, all PTH amino acids may be readily identified in 

these single chromatographic runs. 
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CHAPTER VI 

SUMMARY 

The identification and quantitation of phenylthiohydan­

toins is a very important part of the amino acid sequencing 

process; a method that is relatively fast (under 30 minutes), 

convenient, accurate, and sensitive is ideal. High pressure 

liquid chromatography is the method that seems to lend itself 

best to these restrictions. HPLC is a very versatile tool 

that was used in this study to analyze PTHs. HPLC is as 

efficient and sensitive as GLC, the previous. method of choice, 

if not more so . A combination isocrat i c/ gradient elutio1: 

scheme to effect a .l terations in the mobile phase composition 

was developed that was quite successful in the resolutic,n 

of the 20 phenylthiohydantoin peaks. 

It should be noted that during the process of the 

study, several columns of the same type were used, due to the 

3 month average lifetime of a reversed phase column. It was 

noticed that column-to-column variations do exist, which 

at times made a homogeneous development quite difficult. 

However, although minor variations do occur, it was found that 

the columns did behave quite similarly , so that once major 

trends were established, they could be applied to similar 

reversed phase C-8 columns used. For instance, it would 

be expected that an isocratic period at the beginning and 



again at the end of a chromatogram of any C-8 column 

would, indeed, be necessary for effective separation of 

PTHs, although there may be smai1 differences in optimum 

times or mobile phase composition. 
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Mobile phase composition was found to be the major 

parameter in this study. Changes in flow and pH, while 

effective in changing retention times, were not as effective 

in increasing the resolution of phenylthiohydantoinc,. Tht:.~se 

parameters m:i.ght well be more useful, however , in some alter­

nate system. It is felt chat any further development w0r k 

on this particular system would probably not be profitable in 

view of the amount of time spent versus the results 

obtained. A good method of identification and quantitation 

has been developed, taking into account the restrictions of 

the instruments available, as well as the restrictions of 

the analysis, such as solvent (methanol), time (30 minutes), 

and cost. In order to develop a better analysis method in the 

future, a variable wavelength detector might be considered. 

This addition would certainly improve the detection of 

threonine, which gives a stronger signal at 313 nm as 

dihydrothreonine. 

In summary, a 25 minute 3lution system using high 

pressure liquid chromatigraphy has been developed in which 

all 20 amino acids are separated in one run with adequate 

resolution to allow unequivocal identification. Methanol, 

which is cheaper and less toxic than acetonitrile, was 

selected as the strong solvent. The 25 minute program is 
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quick enoug h to keep in step with the automat.ic sequencer 

so that immediate feedback is received. The only drawback 

to this method is that Phe coeluces with an artifact from 

the sequencer. This ~roblem artifact is one of two that are 

results of the program used in the sequencer, and would be 

very difficult to eradicate, except by altering the sequencer 

program. An .increase in the area of this peak would indicate 

that a Phe was present and could be confirmed by back hy­

drolysis to the parent amino acid. Therefore, this problem 

is minimized with a backup amino acid analyzer, and the 

method developed and described here is considered to be 

successful, since it provides a sensitive and accurate 

analytical system useful in the rapid sequence analysis of 

proteins and peptides . 
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/ APPENDIX . 

LIST OF ABBREVIATIONS OF AMINO ACIDS 

Amino Acid '3 Letter Ab brev·i ·a tion . 1 Letter Cocie 

As:_:-,artic Acid Asp D 

Cysteic Acid Cys C 

Glutamic Acid Glu E 

Asparagine Asn N 

Serine Ser s 
Threonine Thr T 

Glycine Gly G 

Glutamine Gln Q 

Histidine His H 

Alanine Ala A 

Tyrosine Tyr y 

Arginine Arg R 

Proline Pro p 

Methionine Met M 

· Valine Val V 

Tryptophan Trp w 

Lysine Lys K 

Phenylalanine Phe F 

Isoleucine Ile I 

Leucine Leu L 
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