Poster Presentation

The Protein Society
Seventh Symposium
July, 1993

Poster #301-T

Improved Cysteine Analysis Using
. Disulfide Interchange

K.M. De Antonis*, S.A. Cohen**,
and P.R. Brown*
* University of Rhode Island Department of Chemistry,
Kingstown, RI 02813 U.S.A. —
**Millipore Corporation, Waters Chromatography Division,
34 Maple Street, Milford, MA 01757 U.S.A.

MI LLI PORE Waters Chromatography Division

34 Mapie Street
Milford, MA 01757
508 478-2000




Abstract Instrumentation

Amuno acid analvsis has become a simple and effective tool for Hydrolyms insmumenaaan
quanuation of protein and pepnde amuno acids. However., under Waters Picos Tag Workstason

sandard hydroiysis condiions unprotected cvstemne 1s hughly suscepabie to Preasion Saenafic Model 16 hydroivsis oven (Chicago. linuos)
thermai degradation and s charactensacally difficuit to quanafy. A

recently reported method uses disulfide interchange reagents for cvstemne

protection (1]. Cystemne reacts with each dithiocompound to form a Waters 71$ autouyector

thermallv stabie rmuxed disuifide. Recentlv, we have used thus method m Waters 628 pump

conjuncuon with the novei derivauzing agent, 6-amunoquinolyi-N- 3.9 x 150 mun AccQeTag™ C18 reverse phase column
hydroxvsuccimurudyl carbamate. for sensitive amruno acid analysis of Waters Temperature Control Module

protewns {2, 3|. Trus poster wili compare the analyses ot several protemn Column Temp. 37°C for DTDGA and DTDPA. 39°C for DTDBA
sampies hvdrolvzed in the presence of three dithio-compounas Waters 470 Scanrung Fluorescence Detector

dithiodiglycolic acid (DTDGA). dithiodipropionic acid (DTDPA), and A Exatanen 250 nm

dithuodibutvnic acid (DTDBA). As expected, the three cvstemne disulfide A Emussion 395 nm

adducts were detected. When necessarv, modificatons were made in the Waters Expert Ease™ software

normai hvdroivsate chromatograpiuc condioons to improve resolution of

the cvsteine anaiog. In addition to the cvs-denved peak. 2 smaller

previouslv unidentified peak was detected, and has been tentanvely Waters Quanta 4000E™

identfied for each of the three. Membrane Fracton Collector

Protean fractions (B lactogiobuiin and cvtochrome C) were uoiiectea on a HPLC Analyms
membrane fraction coilector following separation by capillary AZuno aaa analvsis was actueved using a ternary gradient.
electrophoresis . These protens were then hvdrolvzed on the membrane
the presence of DTDPA and analvzed using AQC denvaazauon. Eluent A 140 mM NaOAc, 17 mM TEA, 3uM EDTA. pH 5.00
for DTDGA or 5.05 for DTDPA and DTDBA
Eluent B Acetorutnie
Eluent C Water

(1] Barkhoit. V., and jenson. A.E.. Anai. Biochem. 177 (1989) 318.
[2] Srvdom. D.J.. and Cohen. S.A.. (1993) in Techruques 1n Biochemusery [V, Flow Rate lml/mmn
(R.H. Angeietn. ed.), Acaderruc Press. San Diego. )
(3] Cohen. 5.A.. and Michaud. D.P.. Anai. Biochem.. 211 (1993) 279. Different gradients were used for each of the three reagents tn order to
r::l:end\ofhdmlﬁde‘ interchange products from the other azuno
a

Derivatization Chemistry Sample Preparation
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Rl ~ NH rro‘N;“ Hydrolysis
° . rd
olr or 2 A:\:: HN . Chlj@/ [o] l.mummmgmofﬁumvbm-(wlmﬁur
Amuno N O mmmmm-normmquotoumaadmmnmphm

R2 AQC  pyrolyzed 6 x 50 oun tube.
] 2. Putall tubes in a hydrolyms vl and dry under vacuum.
tiyz<<ls 3. Add an aliquot of the disulfide interchange reagent to each tube.
14 4. Vortex esch tube and drv under vacuum.

R1 S. Add constant botling HCl and phenal to bottom of hydrolyss vial.
6.

. Evacuate and purge with rutrogen severai umes.
MNHR’N~R2 HO-N > 7. Evacuate and seai under vacuum
‘ ' ' 8. !
Sy~ o o Hydrolyze at 110°C for 22 hours.

Denvaazed Anune NHS
Dertoatization

Standards
1. Mix 1 volume of denvaazing reagent to 4 voiumes of buffered (pH 8.8)
anuno aad standard.

o)
= >~ 4o N 2. Vortex.
s A - . CO, 3. Heat for 10 rrunutes at 50°C.
N o 4. Imect.
AMQ

! Hydroivzed Proteins
NHS 1. Dry contents of hydrolyss vial.

2. Dissolve hydrolyzed sampie 1n dilute HCl.
. . . 3. Buffer solunon to pH 8.8.
Proposed stulfxde Interchange Chemlsu—y“ ; t’du 1 volume of denvanzing reagent to 4 volumes of sample.
. Vortex.
6. Heat for 10 munutes at S0°C.

7. lmect.
IS“CH?XCOC’H . NHa S~(CH)y COOH .
| - —iee '
‘ 2 H=5~CH»CHCOOH Hudrolyzed Membrane Bound Proteins .
$=(CH1)xCOOH 2 SC*‘zc["COOH 1. Extract hvdrolvzed amuno acids from the membrane using 50:50

NH- Acetorutnie:4% SDS.
. e 2. Remove membrane.
X » | for DTDGA. 2 for DTDPA. and 3 for DTDBA 3. Follow steps 1-7 for hydrolvzed protewns.

210 (1992) 146.
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Avg. Error . . . 50 71
ng Hyd. . . . 18 1.6

Good average ervor values for both proteins.

Cys value high due to slight coleution with Ala.

Highest yield of Intact Met for the three disulfide interchange reagents.
not measured
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222 ug

B Lactogiobulin

|

! ' I . |

Reagent byproduct
Hyvdrolvsis byproduct

vudig a>unrsason)y

1euhig avansmony

- [




DTDPA - Membrane Fraction Collector

B Lactoglobulin

Cytochrome C

Comp.

Comp.
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B Lactoglobulin

Comp.

Cytochrome C

171

17.5

83

s.9 59
53 26.0
s 32
20 20
3 29
74 74
134 136
81 8.1
42 3
LR ] 26
5.6 8.7
216 118
9.2 9.3
ns 217
42 42

nm o
121 121
123 123
kX kX }
20 19
20 89
(X ] 87
kR 40
10 11
29 3o
28 28
203 218
s7 S8
S8 LR ]
4s 43

158 168 170 170
9.0 100 9.2 87
2s 238 241 249
47 69 (X ] q“
13 17 15 18
42 60 41 40
L X} 78 7.9 79
150 43 146 15.1
71 72 7.4 76
ns 73 103 78
3 40 40 40
.8 98 96 100
4.0 37 36 39
128 124 12.2 129
87 { X ] (1] 9.2
07 2.7 210 218
39 4.0 4.1 41

88 [ X} { X
LU} nm nm
1.9 1.6 11.9
12,9 128 129
24 22 24
17 30 32
98 LX) 8
64 61 63
39 37 41
.°“ 34 37
40 29 31
32 32 3t
19 L7 1.8
16.4 146 150
6.0 $7 8.7
6.1 6.2 6.0
41 3e 38

s rEsneTRwNnwEuy
atOTNUNANTINWENO®

Avg. Error 108 10.7 9.7 9.4
pg Hyd. kX ] 30 48 45

*NSG*3eveaTouwnulag
creGNvanasZINULIDO®

23(19) uan 1500 M not measured
{ X x] 038 0.63

0% % 76%

17 (13) 16 (12)
0.68 0N
3% 6%

209 2
pg Hyd. 1) 031

Recovery 7% 2% Comparison with Disulfide Interchange Data (reported as an average, n=3):

#Cys Cya Cye-G Cys-P Cys-B
Blac s 4.0 $3 50 [ %]
cnc 2 11 22 20 2.7

Average error of all amino acids except Cys in parenthesis.

A hydrolysis or membrane related imputity coelutes with Cys-P and causes high Cys values.
Good overall error for low leve! Cytochrome C without Cys-P.

not measured

DTDPA - AAA DTDBA - AAA

B Lactoglobulin Cytochrome C

M Comp.
Asp

B Lactoglobulin Cytochrome C

Comp.

17.9 18.3
7.0 7.0
5.7 26.1
34 32
20 19
18 2.7
7.6 7.7
13.6 4.0
79 80
S0 S1
s0 40
.4 9.2
1.1 4.1
15.0 15.1
89 9.0
218 2.1
41 41

9.1 9.1
nm um
126 120
11.6 1ns
30 30
19 23
98 92
61 L X
40 3
20 20
37 39
29 29
2.0 20
1.8 18.2
S8 87
6.1 59
(X 42

16.9 16.0 168 8 7.7 77
60 7.0 7.0 nm [
26.0 253 258 143 138
30 31 k3 1ne 11.7
1.9 19 20 29 29
30 30 30 20 20
8.0 8.2 8.0 10.2 LX)
14.0 1. 140 LX ] LX |
00 se [ X ] 3 39
6.0 ss L X9 22 29
[ R} 41 LK ] 2 2
L X ] 9.6 2.6 1 n
4.6 4.5 44 23 24
13.2 130 13 155 154
8.9 [ X ] 89 57 57
.1 217 s 58 58
40 4.0 4.0 3s 40

Gly
Hie
Arg
™
Ala
Pro
Cys

Tyr
val

Ly
Tie
Lew

Phe

alcaecananzownaullal
s GNweaNvasINURNNO®
nusaggauozcuuuuqz
caGrOSNwaAaNaeZNwWEDO

Avg. Error 49 [ X} 42 787 8.06

Avg. Ervor 22 ) - 23 1S
pg Hyd. 15 16 16 148 1.5

pg Hyd. 43 (2] . 3s °“

®  Cysvalues are high due to poor resolution between Cys and Val.
. Arg results complicated by coelution with a hydrolysis related impurity. ®  LowLys values due to dislufide interchange related impurity which coeluted with Lys in the standard.

¢ Good average error values for both proteins. nm  not measured

mm not measured
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Methionine Adduct
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Proposed Methiorune Reaction:

S—(CH 9)xCOOH

, U N
S~(CH)xCOOH * CHy~S~CHCGH,CHCOOH 2 CHy SCH GHyCHCOOH

X = 1 for DTDGA. 2 for DTDPA. and 3 for DTDBA NHa

Conclusions

*Modified d\mbguphkmamdwdoped which resoived the
mmmmpmwmnoezmm

-mmmaocmmnmgmwmum
resuits and good resuits for cysteine for both § lactogiobuiin and
cytochrome C at the 1-5 ug level. The overall exror resuits were in the 2 -
8% range.

-mmmmgmufammugwdnmmu
muwummmm

-Awmmmmbypmdwmthud:dhsw
guxtures appears to be a metiuorune adduct. When methiorune was
hMmumdmdhmmmma
mmmmwm“mmmnmmmm

-Mmmuhuwmo{u\emmuﬂbanmmt
bypmdummhudﬁauuanpb.mmﬂ\m:m
10 t0 be the siowest waith DTDGA. In order to gunimize methiorune ioss,
m“y\cumucmmmmmmm

-Mu\bmnmcnmcdhcuonwuamed. An impunty from either

wm«mmmmmmmummn

P thus complicatng the resuit. The overall error ignoring the Cys-P

t was good for the iow level of protein (100 - 700 ng) extracsed from

membrane. Chromatographic resolution of unpunty from the Cys-
sechruque




