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ABSTRACT 

Purified collagen were made fluorescent by coupling 

with 2-methoxy-2,4-diphenyl-3(2H)-furanone, MDPF, and the 

fluorescent products were separated by sodium dodecyl sul

fate-polyacrylamide gel electrophoresis, SOS-PAGE. The 

profiles of Coomassie blue stained and MDPF-labeled colla

ge.Tl bands on the gels were si."nilar except .for a slight in

crease in mobility with the MDPF coupled protein. · The re

lationship between the amount and the area under the peaks 

recorded from fluorometric scanning of purified al(I) ,a2 

anda.l(III) was linear from io-5g to l0- 8g. The standard 

curves for all three a chains were similar. Results from 

non-replicate determinations had an experimental error of 

+ 6% SE. A mixed sample of cyanogen bromide (CB) peptides 

from type I and III collagen were quantitated by .measuring 

t.l-ie peak areas of known peptides from each type. The 

quantitation of collagen by the coupling of MDPF before 

electrophoresis is an improvement over staining with 

Coomassie blue after electrophoresis; since it provides a 

wider range of linearity, greater sensitivity, peak area 

independent of distance migration and less variability. 

The fluorescent method (MDPF-SDS-PAGE) also permits obser

vation of bands during electrophoresis and quantitation 

immediately after electrophoresis. 
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I. INTRODUCTION 

The abnormal accumulation of a specific collagen type 

may be a biochemical lesion that is an early diagnostic 

sign of pathology. To date, no good quantitative method 

exists for assaying micro-quantities of different collagen 

genetic types. The development of a micro-assay usable 

for the screening of routine biopsies for collagen hetero-

geneity change is necessary for assessing the role of 

various collagen types to pathological states. The use 

of tissue culture along with a sensitive method for study-

ing collagen heterogeneity should provide a new way for 
• 

the detection -of biochemical lesions and for screening new 

drugs which may ameliorate the pathogenesis of connective 

tissue disease. · 

This thesis describes the development of a sensitive 

quantitative assay for collagen heterogeneity. This is the 

first useful application of the technique MDPF-SDS-PAGE 

for protein quantitation and the first use of MDPF-labe·led 

collagen. 

l 



II. LITERATURE SURVEY 

Collagen, structure, function, and biosynthesis. 

Collagen is the most abundant protein in the human 

body (Kivirikko and Risteli, 1976). Collagen fibrils are 

the fibrous connective tissue that provide structural 

rigidity to the body. The structure and biosynthesis of 

collagen require study because collagen has important 

roles in growth, aging, wound healing, fibrosis, and vas-

cular disease. 

The molecule collagen is a trimer consisting of three 

helical polypeptide chains, a chains, each consisting of 

1000 amino acids residues, a molecular weight of 95,000 
0 

daltons, and a left-handed twist, pitch 9A. The three 

chains are braided together with a right-handed twist 

making a rigid helical structure, pitch 2.9ft, width 14A 

and length 2800~ (Ramachandran and Ramakrishnan; Timpl, 

1976). A short sequence at the amine and carboxy termi-

nals of each et chain are non-helical. In the helical re-

gion, every third amino acid is glycine (Miller, 1976a); 

this is necessary for proper packing and possibly for 

hydrogen bond interaction within the helix (Ramachandran 

and Ramakrishnan, 1976). The imino acids praline (PRO) 

and hydroxyproline (HYP) occupy twenty-five percent of the 

collagen amino acid residues. Whereas in globular pro-

teins imino acids serve to break helical conformations, 

2 
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in collagen these imino acids serve to stabilize the heli-

cal conformation (Ramachandran and Ramakrishnan, 1976). 

Collagen biosynthesis appears to involve more exten

sive post-translational reactions than for any other pro-

teins examined to date (Prockop, 1976). Collagen is first 

synthesized as a precursor molecule procollagen which is 

40-50% larger with globular register peptides at both the 

NH~- and COCH-terminals. At the COOH terminal, disulfide 
'" 

bonds form bringing together three pro a chains for as-

sembly as a triple helix (Byers et al., 1975). The grow-

ing nascent pro a chain is hydroxylated and glycosylated 

in the rough endoplasmic reticulum cisternae while still 

on the ribosomes. Some hydroxylation and glycosylation of 

procollagen is present in the smooth endoplasmic reticulum, 

however, no hydroxylation and glycosylation is found in 

the golgi complex, and these modifications cannot occur 

after helix formation (Kivirikko and RisteIIi, 1976). 

Hydroxylation of praline, PRO .+ HYP, is essential for 

triple helix stability at 37°C (Prockop et al., 1976). 

The hydroxylation of lysine, LSY + HLY, (Kivirikko and 

Prockop, 1972) is necessary for the stabilization of cross-

links, by the Arnadori rearrangement (Bailey et al., 1974; 

Tanzer, 1976) and these hydroxyl grcups are a site for 

glycosylation which affects fibre formation (Brownell and 

Veis, 1975). 

Formation of the helix is essential for normal secre-

tion of procollagen into the extracellular matrix (Olsen 
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et al., 1975). The procollagen extensions are cleaved 

extracellularly by procollagen peptidases (Goldberg et 

al., 1975), which permits collagen aggregation and a 

fibre formation in the theorized quarter stagger arrange

ment (Miller, A., 1976). Another extracellular enzyme 

L~portant in the processing of collagen is lyslyoxidase. 

This enzyme oxidatively deaminates certain LYS and HYS 

residues forming reactive aldehydes (allysine and hy

droxyallysine) . The aldehydes spontaneously react by the 

Schiff Base reaction with the s-NH 2 of a LYS and HLY from 

adjacent collagen molecules forming covalent intermolecu

lar crosslinks. The crosslinks give tensile strength to 

the fibre (Tanzer, 1973), and increase resistance to pro

teolysis by collagen, therefore decreasing turnover. 

Collagen heterogeneity 

Until the late 1960s, only one type of collagen mole

cule was known. It was found in bone, tendon, ligament, 

and skin. This triple stranded collagen molecule consists 

of two identical chains and another which is genetically 

distinct. The chains are designed al and ~2 according to 

their elution order from carboxy methyl cellulose ion ex

change column chromatography (CMC). In the early 1970s, 

a genetically distinct a. chain was found in cartilage·. 

This consisted of a. chains that eluted from CMC only in 

the al position. The amino acid composition and the 
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cyanogen bromide mapping (CB) peptide composition, demon

strated that this was a genetically distinct al molecule 

and therefore was designated as al(II), the more ubiqui-

tous al was designed as al(I). Later, it was found that 

fetal skin has collagen CB peptides from another genetical

ly distinct a chain; this was designated as cr l(III). 

Basement membrane collagen was found to have another 

chain; this was designated as a l(IV). To date therefore, 

five genetically different a chains have been character-

ized for four different types of collagen (Kivirikko and 

Ristelei, 1976). Other putative a chains and collagen 

types have been found but they have not been well charac-

terized (Benya et -al., 1977; Little et al., 1977; Lichten-

stein et al., 1976). 

Type I, the most abundant collagen has a chain com-

position consisting of two a l(I) chains and an et 2 chain; 

_by common convention this would be written as [al(I)] 2a2. 

The~ l(I) chain has one dissaccharide moiety and the a 2 

chain one monosaccharide and one disaccharide (Miller, 

1976a). The complete amino acid composition sequence is 

known for et. l(I) {Piez, 1976). 

Type II collagen has a chain composition of [al(III)]~ 
..J 

and is found predominantly in fetal tissue, blood vessels 

and to a lesser extent wherever Eype I is found (Miller, 

1976a; Chung et al., 1974). In contrast to type I collagen, 

type III collagen contains more 4-hydroxyproline and it 
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cystines which form intramolecular disulfide bonds that 

hold the collagen molecule as a trimer even under denatur

ing conditions. Antibodies to type III collagen have 

shown this type of collagen is associated with reticulin 

fiber (Gay et al., 1975). During the development of hu

man skin, from fetal to adult, there is a decrease in 

type III collagen content and an increase in type I 

(Epstein, 1974; Chung and Miller, 1974). This is also 

true during the maturation of a wound from granulation tis

sue to a mature scar (Miller, E.J., 1976a). Type III 

collagen is found in arterial walls and may play an import

ant role in vascular disease (Mccullah and Balian, 1975). 

Type IV collagen [al(IV)J 3 is basement membrane col

lagen (Clark et al., 1976). In contrast to type I there 

is more hydroxylation of LYS and PRO (contains 3 hydroxy

proline), more glycosylation and contains cystines. This 

collagen type has not been as well characterized as the 

other three. Breakdown of type IV collagen in basement 

membrane is an important step allowing metastasis to oc

cur (Jaffe et al., 1976; Liotta et al., 1977). 

Colla.gen heterogeneity in pathophysiology 

There have been numerous reports of abnormal accumu

lation of particular collagen types in disease processes 

{Lapiere and Nugens, 1976). In Ehlers Danlos syndrome 

type IV, there is an absence of type III =ollagen in the 

extracellular matrix (Pope et al., 1975). Osteogenesis 



• 

7 

imperfecta is a deficiency of type I with an excess of 

type III collagen (Mueller et al., 1975). Kuttan et al. 

(1978) and Weiss et al. (1975) both found an elevation 

of type III collagen in synovial tissue of rheumatoid 

patients. In liver cirrhosis, Rodjkin et al. (1976) 

found an increase in both I and III type collagen but no 

difference in ratios . Kent et al. (1976) found first an 

increase in type III collagen followed by an increase in 

type I. Hypertropic scars and keloids have a high pro-

portion of type III collagen (Bailey et al., 1975). 

Vascular smooth muscles have been shown to increase 

total collagen synthesis in atherosclerosis (Ross and 

Gomsett, 1973; Mccullogh and Ehrhart, 1974) and in hyper

tension (Ooshima et al., 1974). Type I and III collagen 

are found in the arterial wall. Only type III is found 

in regions immediately adjacnet to the endothelial layer 

but type I is the predominate extractable collagen in 

atheromatous plaques (Mccullagh and Balian, 1975) • 

A problem with studying collagen heterogeneity is 

that unless extraction is complete, the recovery can give 

problems in ratio determinations. The results obtained 

are dependent upon the species used, the cell line, cell 

growth conditions, cell passages (or doublings), method 

of extraction and method of analysis. For example, using 

porcine medial smooth muscle cells, Scott et al . (1977) 

found type III in greater abundance than type I but Barnes 
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(1976) found type I collagen as the more abundant type. 

Methods for quantitating collagen heterogeneity 

THere are numerous methods for studying collagen heter

ogeneity. To date, no one method has been shown to be par 

excellence. Antibodies to different types would be an ideal 

way to quantitate but no laboratory has so far developed a 

sensitive quantitative assay for collagen types based on 

antibodies. This may be due to the poor antigenecity of 

the collagen molecule and possibly cross reactions between 

types (TL~pl, 1976). The column chromatography methods of 

ion exchange, CMC and DEAE-cellulose, and gel. filtration, 

A-SM and A-lSM, can be used to separate different types of 

collagen pro a chains, a chains and CB peptides but these 

methods have the problem of being time-consuming, require 

large quantities; and result in variable recoveries. 

Weber et al. (1977) reported that the sodium dodec¥1 

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) meth

od is the most applicable method for determining collagen 

types in routine biopsies. Scott et al. (1976a) quanti

tated type I collagen by CB peptides with a linear range 

from 10-40µg. Fishbein (1971) demonstrated 1-SSµg quanti

tation of the monomer a-urease. 

The most com.~only used method for quantitating bands 

in SDS-PAGE is staining with Coomassie brilliant blue 

R-250. Other stains like fast green and amide black are 

used but Coomassie blue is the most sensitive. The problem 
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with quantitating stained bands in gels is as follows: 

dye cannot fully penetrate compacted protein bands (Fish

bein, 1972) and the effect of alcohol on the selective 

removal of stain from protein bands has not been described 

in detail (Bertolini et al., 1976); deviation from Beer's 

Law (Gorovsky et al., 1970; Bennett and Scott, 197lf; 

error found with densiometric measurements are 10-15% 

(Fishbein, 1972 and Scott et al., 1976a); several hours 

to several days are necessary to have gels destained in 

order to do sensitive and quantitative gel scans; and the 

area beneath the curve is not independent of distance 

migrated (Fishbein, 1972). Distance migrated can affect 

sensitivity and linear range. 

Fluorescent labeled protein and its use in SDS-PAGE 

Since the introduction of gel electrophoresis for 

protein separation there have been many attempts to im-

prove sensitivity, linearity and shorten the time for ana

lysis. Fluorescamine, Fluran,™ (Undenfreind et al., 

1972) which is not itself fluorescent but becomes inten-

sely fluorescent when covalently coupled to primary amines 

offered many improvements over existing methods for the 

detection and quantitation of proteins (Bohlen et al., 

1973). Ragland et al. (1974) electrophoresed fluorescamine-

labeled proteins and demonstrated quantitative fluorometric 

scanning in polyacrylarnide gels immediately after electro-

phoresis. Pace et al. (1974) showed that migration of 
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fluorescamine-labeled proteins is log linear to molecular 

weight by SDS-PAGE. The use of dansyl-labeled proteins 

has not been useful with SDS-PAGE because of the prelimi

nary treatment required to remove dansic acid and dansyl 

a.~ine (Eng and Parkes, 1974). In this procedure, the ex

cess fluorescamine is rapidly converted to nonfluorescent 

products. With fluorescamine-labeled proteins, there is 

a postulated ring rearrangement to a nonfluorescent pro

duct that is more rapid in gels than in solution (Barger 

et al., 1976). The more recent use of 2-methoxy-2,4-

diphenyl-3(2H)-furanone (MDPF) (Weigle et al., 1973) as 

the fluor for detecting proteins in SDS-PAGE has advant

ages over fluorescamine in that the MDPF-labeled protein 

fluorescence is stable and more intense. Barger et al. 

(1977) reported quantitative fluorometric scans of MDPF

labeled proteins with linearity from 50-SOOng and a sen

sitivity of 1 ng for some proteins (e.g., myoglobin). 
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The procedure adopted for the purification of 

collagen was that of Fujii and Kuhn (1975) as shown in 

Figure 1. Skin from a newborn calf was extracted in cold 

O.OSM Tris-HCl pH 7.5, lM NaCl for several days. The in

soluble material was extracted in the cold, with 10% 

acetic acid for several more days. The remaining skin 

and extract were both lyopholized. Freeze-dried skin, 

lOOg, was rehydrated in 25 l of 0.1% acetic acid pH 2.0 

(adjusted with HCl), 25.0 g pepsin was added slowly with · 

stirring, after 24 hr 17.5 g pepsin was added for a fur

ther 24 hr digestion at room temperature. 

The solubilized material was filtered through sin

tered glass wool. Sodium chloride crystals were added to 

the filtrate to give a final concentration of 0.9M sodium 

chloride; the mixture was allowed to stand overnight at 

4~c. The coll~gen that precipitated out was collected by 

continuous centrifugation at 15,000Xg for l hr. The pellet 

was resuspended in 0.5M Tris-HCl pH 7.5, to inactivate the 

pepsin for four days, and then centrifuged at 35,000Xg 

for l hr. The supernatant was lyopholized. 

Differential salt precipitation (DSP) was performed 

to harvest the pepsin released Type I and Type III collagen. 
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30g of the freeze-dried supernatant were dissolved in 10 1 

of .05M Tris-HCl pH 7.5, lM sodium chloride. 4M sodium 

chlor:!..de was added to make a final salt solution of 1. 7!1 

sodium chloride. The volume of 4M NaCl added was deter-

mined by the following equation: 

C.V. +CV =Cf (V.+V ) 
i i a a i a 

where Ci is the initial salt concentration (lM), Vi is the 

initial volume (10 1), Ca is the added concentration of 

salt (4M) and Cf is the final desired salt concentration 

(l.7M). The equation is solved for Va which is the volume 

of 4M sodium chloride added. The solution was allowed to 

stand for 24 hr and then centrifuged at 35,000Xg for 2 hr. 

The precipitant was washed by centrifugation three times 

in .05M Tris-HCl pH 7.5, l.7M NaCl. The precipitant was 

resuspended in 1% acetic acid and dialyzed against 1% 

acetic acid, and then centrifuged at 55,000Xg for 1 hr. 

The supernatant was lyopholized and characterized as type 

III collagen by further purification gel electrophoresis; 

and cyanogen bromide peptide mapping. The salt concentra-

tion of the supernatant was then increased as described 

previously, again this time from l.7M sodium chloride to 

2.5M sodium chloride with 4M sodium chloride. The result-

ing precipitant was allowed to settle for 24 hr and har-

vested by centrifugation at 35,000Xg for 2 hr. The pellet 

was resuspenaed in 1% acetic acid dialyzed against :% acet-

ic acid and then centrifuged at 55,000Xg 1 hr. The 
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supernatant yielded lOg of Type I collagen. The collagen 

was characterized by further purification, gel electro

phoresis, and cyanogen bromide peptide mapping. 

2. CMC 

Collagen obtained from DSP was further purified 

by carboxymethylcellulose chromatography (CMC) (Wnatman 

CM-52) using the method described by Miller (1976). The 

colu.'ttil and buffers were maintained ·at 45°C. throughout t..li.e 

experiment. This ensures that the collagen remains de-

natured. The CMC column dimensions were 2.5 x 12 . 0 cm. The 

starting buffer was 0.06M sodium acetate pH 4.8 and the 

lL"lliting buffer was 0. 06M sodium acetate pH 4. 8, 0. lM NaCl. 

All buffers were heated and deareated immediately prior to 

use. The sample for chromatography, 200 mg collagen 20 ml 

starting buffer plus 2 g urea, was heat denatured at 56°C 

for 15 minutes and then pumped onto the colu.'11..~. The flow 

rate was set at 200 ml/hr. The linear salt gradient, de

veloped by a constant leveling device, was monitored by 

a Pharmacia Refractive Index monitor (RI). The eluted 

collagen components were monitored at 206run using a 

Uvicord III Spectrophotometer. Chromatograms from 2.5 DSP 

and 1.7 DSP were similar to the ones reported by Fujii 

and Kuhn (1975) and Miller (1976) . 

. Improved purifications of al(I) and a2 were obtained 

by using a gradient hold system (Figure 2) . A discontinuous 
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salt gradient was formed when a LKB Ultrograd valve closed 

in response to a protein peak sensed by the Uvicord III. 

This automatically held the salt concentration constant 

until the peak was cleared. The fractions containing the 

chains were desalted by dialysis and then freeze-dried. 

3. MclecUlar sieve chromatography 

The collagen components obtained from CMC chroma

tography were further purified by gel filtration accord

ing to the procedure of Fujii and Kuhn (1975). A 2.5 x 20 

cm diameter column was packed with first 100 cm of Biegel 

A-lSM (200-400 mesh Bio Rad Laboratories) and then 18 cm 

of Bio Gel A-SM (200-400 mesh Bio Rad Laboratories) • The 

elution buffer was O.OSM Tris-HCl pH 7.5, lM cac12 • 

· collagen, 30 mg, was dissolved in 3 ml of SM urea then 0.6 

M CaC1 2 , 0.03M Tris HCl pH 7.5, heated at 56°C for 10 

minutes and then applied to the column. A hydrostatic 

pressure of 30 cm gave a flow rate of 12 ml/hr. The peak 

fractions were desalted by dialysis and then lyophilized. 

B.Cyanogen Bromide Digestion 

Purified collagen types and ~ chains (2-8 mg/ml) were 

dissolved in 70% Formic Acid flushed with nitrogen. Cyano-

. gen bromide, CNBr (Eastman} solutions 10 mg/l ml in 70% 

formic acid were added l:l(v/v) to collagen solutio~s. 

These reaction mixtures were ·stirred at room temperature 

under nitrogen for 4 hr. The reaction was terminated by 

diluting tenfold with distilled water followed by lyophili

zation (Scott and Veiss, 1976). 



17 

C. Coupling of MDPF to Collagen 

The MDPF was dissolved in acetone at 2 mg/ml. Two 

methods were used for MDPF coupling to collagen. In the 

first collagen was dissolved at room temperature in O.OlM 

phosphate pH 7.2, 2M urea, 1% SDS and 10% sucrose. The 

pH was raised with 0.02 volumes 2N NaOH, then 0.2 volumes 

of the MDPF solution were added with mixing. After 5 min

utes the pH was returned to neutrality with 0.02 volumes 

2N HCl. In the second procedure collagen was dissolved 

at room temperature in O.lM NaHC0 3 pH 10.0, 1% SDS and 10% 

sucrose. Then 0.2 volumes of the MDPF solution were added 

with mixing. After 5 minutes, 0.1 volume of a solution of 

5% Tris, 2.5% boric acid and 1% SDS was added. The rate 

of the fluorogenic reaction is strongly pH dependent, but 

the resultant fluorescence is independent over a wide pH 

change of ranges (W@igle et al., 1973). Figure 3 shows 

the reaction between a MDPF molecule and a e:-NH2 of a. 

lysyl residue. There are approximately 35 LYS and HYL 

and one amino terminal in a collagen a chain, therefore 

most of the fluorescence is due to LYS and HYL. The pH 

was decreased after coupling, because at alkaline pH dur

ing heat denaturation, the disulfide bonds of type III 

collagen are broken. 

D. E1ectropholz'esis Procedures 

1. Furthmayr and Timpl system 

The samples were electrophoresed in a continuous 

buffer system as described by Furthm~yr and Timpl (19 71) 
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except 0.05M phosphate pH 7.2 and 0.1% SDS was used as the 

electrophoresis buffer. The polyacrylamide gels, 5mm x 60 

mm, were 5% T, 2.7% C, 0.1% SDS, 0.075% ammonium peroxy

disulfate, 0.05% N,N,N',N'-Te~ramethylethylenediamine 

(TEMED), and .05M phosphate pH 7.2. The samples, MDPF 

collagens, were prepared according to the first procedure; 

non-fluorescent samples were prepared for electrophoresis 

the same way except no NaOH, HCl and MDPF solution were 

added. Either 2-mercaptoethanol 1-2% (v/v) was added to 

reduce disulfide bonds or the disulfide bonds were broken 

by keeping the pH > 10 during heat denaturation. Coupling 

was performed before 2-mercaptoethanol reduction because 

mercaptoethanol interferes with the MDPF coupling. Samples 

were heat denatured at 56°C for 15 minutes before being 

applied to gels. The electrophoresis was performed at 

6mAmps per tube for 4-6 hour at room temperature. 

2. Neville System 

The samples were electrophoresed as described by 

Neville (1971). This is a discontinuous Tris-borate 

buffer system with SDS only in the upper buffer and sample 

prepartion buffer. The upper buffer is 0.5% Tris, 0.25% 

boric acid and 0.1% SDS. The lower buffer is 0.15M Tris

HCl pH 8.5. The gels (5mm x 55 mm) used to separate 

collagen components were 6%T, 1%C, 0.05% ammonium peroxy

disulfate, 0.1% TEMED and 0.15M Tris HCl pH 8.5. The 

gels (5mm x 55 mm) used to separate cyanogen bromide 

peptides were 15%T, 3%C, 0.05% ammonium peroxydisulfate, 
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0.1% TEMED and 0.15M Tris HCl pH 6.1. The MDPF-collagen was 

prepared according to the second coupling procedure; the 

non-fluorescent collagen was prepared for electrophoresis 

the same way except no MDPF solution was added. All 

samples were heat denatured at 56°C for 15 minutes immedi

ately before applying to gels. Before heat denaturation 

as above, cyanogen -bromide peptide samples were boiled 

for 5.minutes. The samples were electrophoresed into the 

stacking gels (0.5-1.0 h), at 0.2 mAmps per tube; the 

current was increased to 1.5 mAmps per tube for electro

phoresis in the running gel for 2.5-3.5 at room tempera

ture. 

E. Staining and Destaining 

After electrophoresis, gels were removed from the 

gel tubes and stained for 4-16 hour with a · Coomassie 

brilliant blue R-250 (Eastman) solution, 0.25% Coomassie 

blue (w/v) in 7% acetic acid. Destaining was performed by 

first soaking the gels in 10% acetic acid, 30% methanol 

for 4-6 hour and then in 7% acetic acid. The acetic 

acid was changed twice daily until the gels were complete

ly destained. 

F. Scanning Procedure 

1. Optical density (densiometric) scanning 

After the gels were completely destained, they 

were placed in a gel boat of the Gilford linear transport. 

The absorbance of the Coomassie blue stained bonds in the 
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gels was measured using a Gilford spectrophotometer and the 

results recorded by a Corning 740 recorder. The sensitivity 

for recorder full scale deflection was set by a calibrated 

output absorbance of the Gilford. The slit plate was 

.OS x 2.36 mm, the A = 560 nm. 

2. Fluorescent gel (fluorometric) scanning 

After electrophoresis the gel tubes containing 

polyacrylamide gels were either sealed with parafilm and 

stored at 4•c or placed in a gel tube holder of the Gilford 

linear transport. Fluorescence scanning was performed with 

the previously described gel scanner equipment with the 

addition of the Gilford model 2515 fluorescent accessories . 

The model 2515 has a light source and a filter to provide 

an excitation energy at 390 nm at right angles to the op

tical path of the spectrophotometer. The filter placed 

between the gel tube and photometer allows emission light 

to pass through at 480 nm. · The model 2515 also includes a 

signal converter which performs an anti-log conversion of 

the photo meter signal. Therefore, light recei·ved is pro

portional to recorded signal. Quinine sulfate solutions 

in gel tubes sealed with parafilm were used to standard

ize measurements. 

G. Photography 

Coomassie blue stained gels were photographed using 

background lighting on Kodak Plus-X Pan film at a f/ 11 

for 1/125 sec. The camera was a 35rnrn single lens reflex 

with bellows and a 75mm enlarging lens. 
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Fluorescent gels were placed in a black box, long 

wave bulb 366 nm (Eastern Corp.). The di.stance from gel 

to film plane was approximately 40 cm. The exposure 

time for Kodak Plus X-Pan film was 4 minutes at a f/5.6. 

u.v. filters were Kodak Wratten i2B and i2E sandwiched. 

Development was for 6-8 minutes at 70°F in Kodak D-76 

diluted 1:1 with water. 

H. Equations 

as: 

1. Definitions for %T and %C 

%T is the percent acrylamide of the gel, defined 

% T = 
a + B 

v 

where a is the amount of acrylamide, b is the amount of 

bisacrylamide and ~ is the total volume of gel solution. 

%C is the percent of cross-linking defined as: 

% c = 
b 

a+b 

2. Conversion from Absorbance to Relative Fluorescent 

Intensity 

-1 RFI = log (2-Abs) 

where RFI is the relative fluorescent intensity as mea-

sured by the percent of pen deflection. Abs is the ab-

sorbance units read from the Gilford spectrophotometer 

model 250. 
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a. Quantitation of peak area. - The area under the 

curve for fluorometric scanning was recorded as: 

area {cm2) x scan rate (cm/min) X 10 (mm/cm) 
RFI X mn = scale factor RFI X chart speed cm min 

Area was measured with a Numonic Electronic planimeter 

model 210-117 with area given in cm2 • The gel scan rate 

was usually 2 cm/min; the chart speed was usually 4 cm/min. 

The scale factors were 1,5,10,50,100 where at scale fac-

tor l full scale would be 100 RFI and at scale factor 50 

full scale on the Corning recorder would be 2 RFI. The 

chart paper was 25 cm wide. The mm represent the relative 

band width on the gel. 

3. Statistics 

Linear regression lines for plots were drawn us

ing a Hewlett Packard XY plotter model 9862A connected to 

a Hewlett Packard model 10 calculator. 

a. Mean: = i=l, 2, ••• , n x 

where n = sample size - X. = value for each sample 
i 

b. Standard error: S.E. = 
l:(Xi - X)2 

n(n-1) 
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" . " 
c. Linear regression: Y = b

0 
+ b 1 X + e 

L: ( X. -X) (Y . -Y) 
. J. J. 

slope: b 1 = 
l:(X.-X) 2 

J. 

intercept: b
0 

= Y - b 1 X 

Coefficient of determination R2 

Standard error of estimate: 

d. Student t test for slope 

T = c 

SE = 

[ L: (X. -X) (Y. -Y)] 2 
J. 1 

" 2 L: (Y. -Y. ) 
J. l. 

n=2 

e. Completely randomized design one way analysis of 

variance 

Degrees 
Source of Freedom 

Treatment k-1 

Error N-k 

Total N-1 

nk=N i=l,2, ... ,n 

ANOVA TABLE 

Sum of Squares 

k 2 2 
E T • j /n T •• '/ N 

j=l 

kn 2 
""""Y k . 2/ 1... 1... •• - r; T.J n 

J.J 
EE Y 2 2 

. .. -T •• /N 
1J 

j=l,2, • . • ,k 

Mean 
Squares F 

MSTr MSTr/MSE 

MSE 

F k - 1 ,N-K , l-cr 
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IV. RESULTS ~"'D DISCUSSION 

A. Characterization of MDPF-collagen in solution 

In order to determine the temporal stability of MDPF

collagen, the fluorescence of a MDPF collagen solution was 

monitored for 30 minutes as shown in Figure 4. Five min

utes after coupling MDPF to collagen the fluorescent in

tensity reached a plateau level. Barger et al. (1977) 

stated that, MDPF was stable in gels for months. There

fore, a further study was performed to determine the time 

for the fluorescent intensity to reach a plateau. Weigle 

et al. (1973) reported increases in the relative fluor

escent intensity of MDPF-labeled proteins that reached 

plateaus after 60 minutes. Studies by Weigle et al. 

(1973) were performed with MDPF on Celite and this ex

plains the slow fluorogenic reaction. Intermediates 

fonned during MDPF coupling may be very strong fluors 

and this may explain the strong fluorescence observed in 

the first few seconds after the addition of MDPF. These 

proposed intermediates would not be detecte~_ by the pro

cedure of Weigle, et al. {1973). 

Both the buffer blank and the protein solution had 

the same relative fluorescence before coupling. After 

coupling, the relative fluorescence of the buffer blank 

was approximately 20% of that of the collagen solution 
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used in this experiment. Urea and SDS both contribute to 

the fluorescence in the buffer blank. This was confirmed 

by measuring separately all the reagents in the sample 

preparative buffer. The fluorescence due to these consti

tuents in the sample preparation buffer does not interfere 

with the protein fluorescence in gels following electro

phoresis because they migrate ahead of the proteins. 

;rn order to determine the ·optimum MDPF/protein ratio 

for maximum fluorescent intensity (Figure 5) various 

collagen and MDPF concentrations were coupled as described 

by the first procedure in Methods. When 2 mg/ml MDPF 

was used in the coupling reaction, the increase in fluo

rescence is linearly related to collagen concentration up 

to 1 mg/ml collagen. With 2 mg/ml, the MDPF concentration 

must be increased to 4 mg/ml. At high MDPF concentrations 

(10 mg/ml) with high protein concentrations (2 mg/~) 

there was a decrease in fluorescence. The decrease in 

fluorescence from high collagen and MDPF concentrations 

may be due to an absorption and/or a quenching effect. 

Ragland et al. (1974) demonstrated that with · fluorometric 

gel scans of myoglobin (made fluorescent with fluoresca

mine) 1 mg/ml fluorescamine had less fluorescent intensity 

than 0.5 mg/ml fluorescamine. 

The increase in the plateau level of relative fluo

rescence linearly correlated with the increase in collagen 

concentration (Figure 5). The minimum MDPF concentration 

for maximum relative fluorescence is twice the collagen 
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Fig. 4. Rate of fluorogenetic reaction of MDPF 
with collagen. Samples were coupled in a 1 cm x 1 
cm cuvete according to the first coupling procedure 
except instead of returning the pH to neutrality, 
the samples were placed in a fluorometer and their 
relative fluorescence were measured. (~} is when 
the MDPF solution was added to t..11e samples. ( 0) 
is the relative fluorescence of the buffer and 
lo-5 g/ml collagen before coupling. (d is 1Q-5g/ml 
collagen after coupling and <•> is buffer blank 
after coupling. 
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concentration. This represents a four times excess of 

fluor to ligand site on the collagen on a molar basis. 

B, Electrophoretic migration - effect of MDPF 

29 

The initial quantitation cf MDPF-collagen on SDS

PAGE was performed according to the procedure of Furthmayr 

and Timpl (1971) • Later work was performed by Neville 

(1971) procedure. The Neville system is preferred because 

it provides separation of MDPF-al and MDPF-a2 chains and 

the time required for elecgrophoresis is shorter. However, 

after several days stored at 4°C the MDPF-al and MDPF-a2 

diffuse into a single.band. In the Furthmayr and Timpl 

(1971) procedure the gel bands diffuse very little when 

stored at 4°C. This may be due to the precipitation of 

the SDS in the cold. Figures 6 and 7 are photographic 

records and scans of gels run according to the procedure 

of Furthmayr and Timpl (1971). The al chain separated 

from the a2 chain when stained in Coomassie blue but 

not when labelled with MDPF. 

The separation of collagen a chains, (i.e., al from 

a2) on SDS-pQlyacrylamide gels is an anomaly. According 

to theory prote.ins separate only by molecular weight on 

SDS-PAGE, because after binding to SDS all the proteins 

have a net negative charge (Weber and Osborn, 1969). The 

percent acrylamide (%T) and percent crosslinking (%C) 

determine the mobility of protein towards the anode 

(Figure 8). The collagen ~chains have identical molecular 
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-Fig. 6. Photographic record of gels of Type I 
collagen (A) and purified al(I) (B) stained 
with Coomassie blue after electrophoresis; 
Type I collagen (C) and al(I) (D) labelled with 
MDPF before electrophoresis. 
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Fig. 8. Comparison of Furthmayr and Timpl pro
cedure to Neville procedure for separation of 
MDPF-Type I collagen. Furthmayr and Timpl pro
cedure 5% T and 2.7% C (A), 5% T and 1% C (B); 
Neville procedure 7% T and 1% C (C) , 6% T and 
1% C {D). Electrophoresis time was approxi
mately four hours for all four gels. 
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weights ~ 5% as determined by amino analysis (Miller, 1976a 

and Fujii; Kuhn, 1975; and Epstein, 1974). Svojtkova et 

al. (1973) de~Dnstrated by parallel Fe=guson plots (both 

with and without SDS) that a l{I) and cr2 separation is 

due to a difference in net charges on the protein. No 

one has reported isoelectrophocusing of a chains. 

MDPF is coupled to collagen via the primary amines 

(E-amines of lysine and hydroxylsine) and masks the posi

tive charge. (MDPF is non-polar but fluorescamine has a 

carboxyl group.) As shown in Table I and Figure 9, MDPF 

causes an increase in mobility of a chains with the change 

in a l(III) >al(I) >>a2. The relative increase in 

mobility is opposite to the respective Rf values before 

MDPF. One would expect the Rf to decrease on SDS-PAGE 

due to the 10% increase in molecular weight of the MDPF

chains over uncoupled a chains. 

Both MDPF-al(I) and a2 increase in mobility with 

al(I) increasing more than :a2. This explains why the 

separation of al (I) and a.:2 is decreased after coupling 

with MDPF and also why MDPF-al(I) and a2 did not separate 

on the Furthmayr and Timpl (1971) gels procedure. This 

suggests that lysines (E-amines) contribute to the charge 

difference responsible for the separation of al(III) 

from al(I) from a2 but other factors are also contribut

ing. The effect of MDPF on a chains migration contributes 

to our understanding of the anomaly of a chain separation 
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Table I 

EFFECT OF MDPF ON THE MIGRATION OF COLLAGEN COMPONENTS IN 

SOS-PAGE 

Rf VALUES 
COLLAGEN 
CO.rA..PONENTS -MDPF +MDPF · !::. 

c. 2 .705 (.004) .712 (.002) + .007 

ctl {I) .614 (.002) .648 (.002) + .034 

al (III) .606 (. 012) .666 (.004) + .060 

e12 • 356 (.002) .370 (.006) + .014 

Sll .321 (.004) ~345 (. 006) + .024 

The polyacrylamide gels were run according to the Neville 
(1971) procedure (T=S.5%, C=l%). After electrophoresis, 
the gels were stained with Coornassie blue and destained 
in 7% HAc. Rf values are the mean of two gels (range). 
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but raises additional questions. For example, since ly

sine content is similar for all the c: chains (Miller, 1976a) 

why is there a preferential increase in mobility? 

C. Quantitation of a Chains 

In order to quantitata different collagens, a chains 

from Type I and III were purified by CMC and agarose gel 

chromatography. The single fluorometric band obtained 

from each purified a chain was used later to establish 

linearity and assay limits. The scanned area recorded for 

each fluorometric peak was measured by planimetry three 

times with the average area under the curve having a +3% SE. 

The same values for the areas were obtained from gels 

whether the gels were scanned immediately after electro

phoresis or stored at 4°C in gel tubes and then scanned. 

These scans show, however, that the peaks were sharper 

immediately after electrophoresis than those stored for 

several days. A scan of 10,000 ng MDPF-al(I) is shown 

in Figure 7D. The area is expressed as RFI X mm which 

takes into account the relative sensitivity (set by the 

fluorescent control unit) and the ratio of gel scan 

rate to chart speed. Therefore, the area term is the 

product of relative fluorescent intensity and relative 

band width. Each point shown in the standard curve of 

Figure 10 represents a different gel of MDPF-al(I) . The 

data were obtained from 3 non-replicate electrophoresis 

runs. The regression R2 was .998. 



-
~ 
~ 

H 
~ 
er:: 

< 
J:;i:l 
er:: 
< 
~ 
< 
J:;i:l 
A. 

10.0 

1.0 

0..1 

~oi-;-,~~~~~~~~~~~~~,~~~~~~---

~ ~o ~oo 10000 

ng Cl.1 (I) APPLIED TO GEL 

Fig. 10. Standard curve for MDPF-~l(I) versus 
peak area. Each point represents a different 
gel. The data is a composite of three non
replicate determinations. The area is ex
pressed as RFI x mm as defined in Methods. The 
line was determined by linear regression. 

37 



3S 

Figure 11 shows the standard curve from three differ

ent a. chain;- a.l (I), al (III) and a2. Each data point is 

the average of three non-replicate electrophoresis runs 

with a +6% SE. The solid lines represent the linear re-

gression of each ·a. chain. The dotted line represents the 

relative fluorescent intensity for quinine sulfate at 10-6 

and 10-7 g/ml, used for recorder calibration. Similar 

standard curves were obtained for all three a chains. 

Raglad et al. (1974) demonstrated with fluorometric 

scanning that three different proteins yielded standard 

curves with different slopes dependent on primary amine 

content (i.e., lysine). However, in our study of collagen 

a chains little difference was found between the stand-

ard curves generated by the three different collagen 

chains, due to similarity in structure and amine content. 

a. 1 (I), c:t.2 and a.1 (III) chains were used rather tJ1an 

Type I and Type III collagens because these contain 

(dimers) and higher molecular weight forms. This is im-

portant since the collagen crosslinks are derived from 

lysines and hydroxylsines and some ligand sites would be 

unavailable for MDPF coupling. Estimating the amount 

of higher molecular weight forms of collagen using 

chains as standards, could result in an underestimate. 

This most likely would be an insignificant difference 

because only 3-12% of the lysine hydroxylsines are thought 

to participate in crosslinking, dependent upon tissue, 

animal age and pathology (Tanzer, 1976; Scott, P.G., 

et al. 1976). This error is less than the error incurred 
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(e.g. Fig. SD) was quantitated as stated in Methods. 
The line for each collagen CL chain species was 
determined by linear regression: .a.l (I) {O}, al (III} 
(fl}, and CL2{ C}. x·· ·x are the relative fluorescent 
intensity v~lues for quinine sulfate in O.lN H2so 4 
(10-7 & io-b g/ml) which were used to calibrate 
the recorder. 

; 
; 
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by the estimation of collagen hydroxyproline because there 

is 35% more 4-hydroxyproline in Type III collagen than 

Type I (Click and Bornstein, 1970; Chung and Miller, 

1974). Also Clq may contribute some non-collagen 4-hydroxy-

proline. In the estimation of collagen types by radio-

active praline a correction factor is not considered for 

the 15% difference in imino content of a.l (I) and CL2 {Click 

and Bornstein, 1970). 

Since there is approximately the same primary amine 

content in the collagen chains (~5%), (Fujii and Kuhn, 

1975), the standard curves are similar and there is 

therefore no correction factor necessary for quantitating 

these three different genetic types of a.chains against 

a single standard. The quantitation:o:f collagen by MDPF-

SDS-PAGE has the following advantages over staining with 

Coomassie blue: 1) it is more rapid, the fluorescent 

bands can be observed during electrophoresis with a long 

wave u.v. lamp and quantitated inunediately after electro-

phoresis; 2) there is less variability +6% SE vs 10-15%; 
. 

there is a wider range of linearity, 10 ng to 10 µg and 

-8 improved sensitivity, 10 g. 
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o. Type III collagen quantitation 

Type III collagen is covalently bound as a trimer 

and higher molecular weight form by disulfide bonds. The 

decrease in y(trimer) and highermolecular weight form 

following reduction by mercaptoethanol should be accounted 

for by increase in a. (monomer) and S(dimers) forms. Fig

ure 12 shows desiometric and fluorescent scans of 10 ug 

of type III collagen; the decrease in y and higher molecule 

weights can be accounted for by the increase in a. and 8 

as measured by fluorometric scans but not densiometric 

scans (Table II). 

It is important to be sure that the disulfide bonds 

have not been broken in the extraction procedure or prepa

ration for electrophoresis, because a. l (III) does not 

separate from .a.l(I) and it could give a false result 

during heat denuration (preparation of sample for electro

phoresis). Also, disulfide bonds will break if the pH 

is not returned to neutrality after MDPF coupling. Con

formation of the validity of this system can be demon

strated with the cyanogen bromide peptide mapping because 

some· a.l(III)-CB peptide separate from ~l(I ) -CB peptides. 
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TABLE II 

A Comparison of the Peak Areas for Type III Collagen Obtained by 
Fluorescent Scanning (MDPF-SDS-PAGE) and Densiometric Scanning 
(Coomassie Blue) of Acrylamide Gels Before and After Reduction 

ilefore Reduction2 

After Reduction 

Change due to 
reduction 

Percent recovered after 
reduction 4 

2 Peak Area (cm ) 

Fluorescence 
F390 

480 
higher 1 X + M.W. a + ~ 

9.00 + 213 1.52 + .05 

1.00 ± .01 8.73 ± .17 

- 8.00 + 7.21 

90% 

Absorbance 

A560 
higher 

y + M.W. 

13.89 + 65 

5.27 + .09 

- 8.62 

43% 

a+ a 
1.01 + .08 

4.72 + .26 

+ 3. 71 

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~ 

l a= monomers, a = dimers, y = trimers, higher M.W. = higher molecular weights. 
2Reduced samples were incubated with 1-2% 2-mercaptoethanol for 15 min before electrophoresis. 
3mean + S.E. for 3 determinations. 
4 () + 8 

Y + higher X 100% 
M.W. 

ii:.. 
w 
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E. Effect of distance migration on peak area 

One of the major problems with quantitating proteins 

in SDS-PAGE by densiometric scanning after Coornassie blue 

staining is thatprotein peak area is dependent upon dis

tance migrating resulting in change in both linear range 

and sensitivity. Thus, a correction factor is necessary 

for distance migrated (Fishbein, 1971). An analysis of 

variance shows there was no significant difference between 

distance migrated and fluorescent peak area of MDPF-~l(I) 

(TableIII) . There was a decrease in peak height and a 

broadening with increased migration (Figure 13). This 

is one explanation why with type III collagen reduction, 

peak area remains the same when determined by fluorometric 

scanning but not by densiometric scanning. 
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Fig. 13 . Effect of distance migrated on fluorescent peaks e 
1 µg MDPF-al (I) was applied to the gel every two hours. The 
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TABLE III 

EFFECT OF DISTANCE MIGRATED ON PEAK AREA 

OF MDPF-~l(I) COLLAGEN 

AMOUNT APPLIED TO 

100 ng 

MIGRATION DISTANCE(cm) PEAK AREA (RFI x 

1.30 + .02 (10) .0785 + .0065 (5) .683 - -
2.78 + .04 (10) .0665 + .0035 (5) .575 - -
4.09 + .06 (10) .0650 + .0050 (5) 0615 - -

46 

GEL 

1000 ng 

mm) 

+ .053 (5) -
+ .015 (5) -
+ .018 (5) -

Values are the mean + SE for 5 non-repl icate determina
tions. No significant difference was found between 
distance migrated and peak area :by an analysis of variance. 



F. Cyanogen bromide peptides from Type I and III collagen 

The identification of the cyanogen bromide cleavage 

products of collagen (CP peptide) is based on their rela-

tive mobility in SDS-PAGE. Table ~v·. is a list of CB pep-

tides from cq (I), a.-l (III) and ~2 according to their molec-

ular weight. The cyanogen bromide peptides separate by 

molecular weight on SDS-PAGE with the lower molecular weight 

peptides having the greater relative mobility. Figure 14 

shows the fluorometric scans obtained from OlBr digested 

CL 1 (I), a1 (III) and CL 2. Based upon the measured relative 

mobility (Rf) from Figure 14 and the possible molecular 

weight forms of the cyanogen bromide peptides (Table III) 

a semi-log plot of molecular weight vs Rf can be derived 

(Figure 15). The coefficient of de.termination (R2 ) for this 

regression analysis for all three O{chain cyanogen bromide 

peptides is 0.9~9. 

The cyanogen bromide peptide profiles found here 

were similar to Scott and Weiss (1976) and Benya et al. 

(1977) • Both the Rf values differ due to different gel 

systems used in these labs. 

It should be possible to quantitate the amounts of 

type I and type III collagen present in a mixture of 

collagen, since there are some CB peptides from type III 

collagen that have molecular weights that differ from 

Type I collagen (F~gure 16). An attempt to quantitate 

the percent type III in a mixture of I · and III is shown 



nlCI)-CBa 
Peptide 

1 

2 

5 

4 

3 

6 

7 

8 

Holb,c 
Wt. --

1,881 

3,311 

3,479 

4,443 

13,480 

17,418 

24,072 

25,048 

Table IV 

CYANOGEN BROMIDE CLEAVAGE PRODUCTS OF COLLAGEN a CHAINS 

No. of d, 
primary 
amines 

2 

1 

4 

3 

6 

7 

12 

11 

al(III)-CB 
Peptide 

1 

2 

7 

6 

3 

8 

4 

s 

9 

Hol. ~ 
Wt. 

1,039 

3,666 

4,035 

7,795 

10,058 

11,548 

13,100 

20,106 

21,090 

No. of 6 
primary 
a min.!.!_ 

1 

2 

5 

3 

3 

6 

9 

10 

7 

a2-CB 
l>eptide 

0 

1 

2 

4 

3.5 

ORDER OF TRANSLATION OF CB PEPTIDES ON a CHAINS 

b 
Hol. 
~ 

289 

1,120 

2,743 

28,980 

69,751 

1-2-4-5-8-3- 7-6 I 3-7-6-1-8-2-4-5-9 I 1-0-4-2-3. S 

a ldentif ication number of CB peptides represents the order of elution off of a CHC colullll\. 
b 

Scott and Weiss (1976): Conncc, Tissue Res • .1_: 107. 
C I 

Hol. wt. baaed on amino acid composition. 
d .. 

Kuhn (1972): Eur . J. Biochem. 30: 163. 
e 

Total of LYS + lll.Y + N TE!UllNAL. 
6 

Chung, Keele and Hiller (1974): Biocheru. 13: 3459. 

d No. of 
primary 
amines 

1 

2 

2 

7 

19 

it>. 
co 
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Fig. 14. Fluorometric gel scans of purified o1 chains 
CB peptides. Three purified o< chains of collagen 
were cleaved with CNBr. The peptides were coupled 
with MDPF and then electrophoresed according to 
Neville (1971) procedure. Identification of CB 
number is based on their relative mobility. 
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Fig. 16. A standard curve for % Type III by CB peptide 
fluorescent areas. Type I and Type III collagen were 
cleaved with cyanogen bromide. The 100% Type III is 
10 µg of III-CB peptides, 0% Type III is 10 µg Type I
CB peptides and 50% Type III is 5 µg III-CB peptides 
and 5 µg I-CB peptides. The samples were made fluor
escent by coupling with MDPF before electrophoresis. 
The fluorescent area used for Type III was from III-
CB 4,8,3,6. The fluorescent area for Type I was from 
I-CB6. The area ratio was obtained by dividing the 
RFI x mm for III-CB4,8,3,6 by the RFI x mm for I-CB6 
and III-CB4,8,3,6. 
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in Figure 17. The standard curve is not linear. Crystal 

et al. (1977) found a similar result with the quantitation 

of radioactive cyanogen bromide peptides from type I and 

III collagen. The reason for this non-linear standard curve 

is that the amount of radioactivity or RFI x mn for the 

CB peptides is not equal for type I and III collagen as 

was shown with the a.chain quantitation. 

An alternative method is to quantitate the cyanogen 

bromide peptides for type I and III collagen and plot the 

amount of I and III for the specific cyanogen bromide pep

tides. Using this method one .can obtain a plot in which 

each a. chain is quanti tated (Figure 18) . 

The advantage of quantitating collagen types by cyano

gen bromide peptides is that both the amount of type I and 

III collagen can be quantitated from a single gel by measur

ing the area beneath the curves for the peaks associated 

with type I and type III collagen cyanogen bromide cleavage 

products. The disadvantage of this method compared to quanti

tation by a.chains is that it is ten times less sensitive. 

The cyanogen bromide digestion of each sample would require 

the time-consuming process of lyophilization to remove the 

CNBr and to concentrate ~~e sample for SDS-PAGE. The 

cyanogen bromide peptides profiles are very complex and also 

there is not always complete cleavage at each methionine 

residue such that some peptides are contiguous cyanogen 

bromide peptides. This is because the methiodine residues 
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Fig.' 1 7. Photograhic record of MDPF-collagen CB peptides. 
10 µg of MDPF-Type I collagen (A) before cyanogen bromide 
digestion (the a 1 and a 2 separate with the Neville system 
even at 15%T and 3%C) . 20 µ g Type I collagen after CNBr 
digestion (B); numbers on the left are from a.2, the num
bers on the right are CB peptides from a l(I) . ~he CB pep 
tides obtained from 20 µg Type III (C) , the numbers are 
~l(III)-CB numbers. 10 µg I-CB and 10 µg III-CB are in (D). 
The higher molecular weight peptides are either uncleaved 
products or crosslinked peptides. The coupling of MDPF 
to the CB peptides was · just prior tc electrophoresis. 
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Fig. 18. An X plot standard curve for amount of 
Type I and III collagen versus CB peptides peak 
area. The RFI x mm for I-CB6 was used for 
quantitating Type I collagen and the RFI x mm 
for III-CB9,5 was used for quantitating Type III 
collagen. A total of 10 µg of MDPF-CB collagen 
was applied on each gel. Both lines were de
termined by linear regression with a coefficient 
of determination greater than .95 for both lines. 
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have ~rarying degrees of sus~ptibili ty to cleavage depend

ing upon the adjacent amino acid. There is formation of 

hornoserine-0 serine or 0-theonine in the peptide linkage 

(Scott and Veis, 1976). The cyanogen bromide method is 

not applicable for less than 10% type III collagen be

cause of the closeness of the CB peaks from type I and 

III collagen. The cyanogen bromide method.can be used 

for confirmation of type III by a. chain quantitation from 

the decrease of Y and increase in a. after reduction mea

sured by MDPF-SDS-PAGE. 
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V. CONCLUSIONS 

1. The relative fluorescence of MDPF-collagen solution 

reaches a stable fluorescence within five minutes. A 

two to one ratio of MDPF to collagen concentration is 

optimum for maximum fluorescence by the coupling pro

cedure described flere. 

2. MDPF slightly increases the mobility of collagen com

ponents in SDS-PAGE. The masking of the primary amines 

positive charge by MDPF is responsible for the more rapid 

migration towards the anode. 

3. The area beneath the curve for MDPF labelled protein 

is independent of distance migrated. 

4. Collagen can be quantitated from 10 ng-lOµg. The 

relative fluorescent intensity for different collagen 

genetic types {i.e., I,II,III) are the same. 

5. With reduction of type III collagen the decrease in 

higher molecular weight forms and Y are accounted for by 

the increase in a. and S by fluorornetric scanning but not 

by densiornetric scanning. 

6. A mixture of type I and type III collagen can also be 

quantitated by MDPF-collagen cyanogen bromide peptides. 

7. For the quantitation of collagen in polyacrylamide gel 

the fluorescent method {MDPF-SDS-PAGE) has a number of 

advantages over the gel staining method: 
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a) Bands can be observed during electrophoresis with 

a long wave UV lamp with quantitation immediately 

after electrophoresis 

b) The quantitation of fluorescence has a variability 

of +6% SE. 

c) Area does not change with distance migrated. 

d) Fluorescent scanning technique has a wide range of 

linearity 10 ng-lOµg and a sensitivity for detec

tion of l0-8g. 

e) Gels can be analyzed in electrophoresis tubes. 

''· 
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