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INVESTIGATION OF 2-METHOXYETHANOL 
AS A MODIFIER IN ACETONITRILE FOR THE 

REVERSED PHASE HPLC OF PROTEINS 

Joseph W.  Huber, IIIl*and Cynthia L. Sea& 
ILDCIMilton Roy 
P. 0. Box I0235 

Riviera Beach, FL 33404 
2American Burdick and Jackson 

1953 S. Harvey Street 
Muskegon, MI 49422 

ABSTRACT 

The results of using 2-methoxyethanol as a mobile phase 
modifier combined with acetonitrile for the separation of a 
standard mixture of proteins is described. Selectivity 
comparisons are made between this system and similar mobile 
phase systems containing acetonitrile, methanol, n-propznol and 
- iso-propanol. 

INTRODUCTION 

With widespread use of modifiers such as methanol (MNL) and 
acetonitrile (ACN) in reversed-phase liquid chromatography 
( R P L C ) ,  little attention has been paid t o  some of the less 
familiar modifiers which are available. As a consequence of 
the rapid expansion of the field of biotechnoloqy, the 
propanols, both c-propanol (NPA) and z-propanol (IPA), are 
becoming increasingly important as HPLC mobile phases, 
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2338 IIURFR AND SEAVI-R 

especially with the analysis of the more hydrophobic 
biopolymers, particulir y proteins and peptides. Bowever, 
hiqh back-pressure is a problem with the propanols as E result 
of their increase6 visc sity relative to solvents like #PL and 
ACF. Since one is usually dealing with biopolyners with 
similar structures, especially when analyzing semples suck as 

enzymatic and cherical ?igests, an sdditional degree of 

selectivity over the propanols would  a l s o  be a desirsble trait 
for a mobile phase component used in the separations. 

A group of solvents that would seen to be ideally suite? to 
meet the hydrophobicity requirements of the propanols while 
possibly demonstrating some unique selectivities are the 
ethylene glycol ethers, of which one cf the best known examrles 
i s  2-methoxyethanol ( 2 M E ) .  This c o u l d  be considere? a propanol 
"model" based on its carbon content but the presence of the 
methoxy group would be expectec? to contribute an additional 
degree of polarity to the molecule. These slight differences 
could prove useful fron a selectivity standpoint. Cne reFort 
has already found the selectivity of 2MF beneficial for the 

2 isocratic separation of .sheep, beef, pork an? h u m n  irisulins. 
Since the viscosity of 2ME (1 .74  c P ) ~  compared to the propanols 
(2.3 cP, 2 . 4  c P ) ~  is lower, e secondary benefit could be a 

decrease i n  overall system back pressure. One would expect the 
hydrophobicity of the glycol ethers to be similar to that of 
the propanols, thereby retaining this important property. 

We wish to report some of our initial results on the use of 2ME 
as a modifier in the separation of a standard mixture of 
proteins and the comparisons between it and some of the other 
solvents commnly used as mobile phases in protein seperations. 

EXPERIMEh'TAL 

Instrumentation and Procedures: 

Analyses were done on either s Verjan Model 5000 liguil 
chromatograph (Walnut Creek, C A I  equippet: with a UV-200 
detector or a CM4000 liouid ChromatogreFh (LDC, Riviera Beach, 
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FL) equipped with a SV4000 detector. Dat.? acquisition wes 
sccomplishel using a Spectra Physics (Eanta Clara, CA, USA) 
model 4270 data system. The column used was a Phenomenex 
W-Porex C1P (Rancho Felos Verdes, CA, U S A ) ,  4.6 mm x 25 cm 
packed with 5 micron psrticles. The elution conlitions 
involved s linear grs6ient from 5%-95%B ( E  = organic modifier) 
over a period of 30 minutes at e flow rate of 1 mI,/min and 
detection wavelength of 280 nm (spprox. 0.064 AUFF) . Injection 
volumes were 10 microliters snd nade through either an 
electric-or air-actuateo C6W Valco valve (Fouston, TX, USA). 

Solvent A = 0.1% trifluoroacetic acid (TFA) in kveter. Solvent 
B = 50% ( v / v )  orgenic rrodi€ier (NPA, IPA, WPL, 2ME) in 
acetonitrile also containing 0.1% TFA. Chromatographic peaks 
represent approximetely 200-300 micrograms of each protein. 

Reagents and Materials 

Protein standards were obtained from Sigma (Et. Louis, MO, USA)  

and were used a s  received. Fobile phase solvents were HPLC 
grade from Eurdick and Zackson (Fuiuskegon, MI, UFA). TFA was 
from Aldrich Chemical (Kilwsukee, WI, USA) and ?istilled prior 
to use. Uracil was a l s o  from Fldrich and used as received. 
Abbrevietions used are as follows: Uracil - Ura; Ovalbumin - 
Cva; Eovine Insulin - 61; Fibonuclease A - RNAse; Lysozyme - 
Lyz; Cytochrome C-CytC; Albumin (egg) - Alb; Bovine Serum 
Albumin - FEA. Uracil was jncorporatee into the standard 
sample in order to estimate the column void volume for K' and 
related calculations. 

Results and Discussion 

Our primary emphasis in this work was to quickly uncover any 
obvious selectivity differences between the various modifiers 
combined with ACM in the same reletive concentration. Although 
the work reported is mesnt to be o n l y  a superficial study, 
there are some immediate differences whjch could possibly be 
enhanced with further work. Although the results do not 
indicate that 2ME has unique selectivity effects in and of 
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2340 HUBER AND SEAVER 

itself, the possibility that some unique selectivities in 
combjnation with aretonitrile may be present is evicient. A 

wide range of moeifier concentrations were not explored in this 
work to keep the vsriables simpler. There are probably certain 
situations when 2ME may yield advantages even though it may 
also be possible to qet the same results with mixtures of the 
other modifiers. This possibility can be inferred from the 
work of Power. The use of 2MF as a modifier allows adequate 
separation of the protein mixture used as is seen in Fig. I. 
Pesides the protein standards employed, several other peaks 
appeared ejther as single, resolved entities or as shoulders. 

4 

These are probably either minor impurities or degradation 
products since the semples were not made UF fresh and were 
stored as solutions in 0.1% aqueous TFA. The presence of these 
is actually beneficial since we were not trying to identify 
components as much B S  separate them. These extra peaks thus 
give an  alditional Iileasure of resolution achieved between the 
different mobile phases used. 

When the separaticn achieved with the 2ME mobile phase (Fig. 1) 
is compared with those of the other modifiers (Figs. 2 & 3 1 ,  it 
can be seen that a slight additional degree of selectivity is 
evident. Only with the 2NE mobile phases are all of the 
components well resolved slmost to baseline. The separation 
with IPA a n d  FPA (Fig. 3 )  are similar in that all 6 major peaks 
are discernible. Bowever, the resolution factors are slightly 
less, especially between FNPlse and CytC (see Table 1). These 
two components are unresolved in the corresFonding MNI.  and ACN 
chronfstcgrams (Fig. 2 ) .  It would be far more interesting to 
observe what the selectivity effects would be on a more 
hcmolccjous mixture of proteitis and peptides rather than the 
vsried nixture used in this work. Unfortunately, a samFle of 
this type was not readily avzilable to us to use in the work 
described. The results of these resolution differences are 
tabuleted in Table 1 based o n  using the differences in 
retention times as a rreasure of ~electivity.~ As can be seen, 
the eluticn order of the various components remained unchanged 
with the different mobile phases. 
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FIGURE 1 - Elution of protein sample with 2ME a s  mobile phase modifier. 

See  FXPERIMFNT AL for details. 

Peak Identification: 

6-BSA, 7-Ova. 

1-Ura, 2-81, 3-RNAse, 4-CytC, 5-Lyz, 
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A 

0 10 20 30 40 
Time (min) 

F I G U R E  2 - Elution of protein sample with (a) A C N  or (b) MNL as mobile 

phase modifier. See FXPERIMENTAL for details. 

Peak Identification: See FIGURE 1. 

(continued) 
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FIGURE 2 ( c o n t i n u e d )  
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HUBER AND SEAVER 
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FIGURE 3 - Elution of protein sample with (a) IPA or (b) NPA as mobile 

phase modifier. See EXPFRIME NTAL far details. 

Peak Identification: See FIGURE 1. 

(cont inued)  
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FIGURE 3 (continued) 
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2346 FIUBER AND SEAVER 

Table 1 

Relative Retention Times of Proteins* 

Elobile Phase BI/RRPse RNAse/CytC CytC/L.yz Lyz/EFA CSP/Ova 

3.34 ACN I 1.48 0.33 

IPA 1.50 0 -54 1 . 29  1.G3 4.6& 

BPA 1.43 0.44 1.01 0.59 4.63 

ElNL 1.91 -- 1.80 4 . 2 1  

2ME 1 .58 0 .?l 1 .a4 1.39 4 . 7 4  

-- -- 

-- 

* -- = unresolved; RT in mjnutes based on everage of 3 runs. 

Some of the results in this study were sliqhtly unexpected with 
reqard to anticipated selectivity patterns. Cn the basis of 
hydroFhobicity, one would expect 2ME to behave more like the 
propanols. A s  can be seen from Fig. 1-3, the elution pzttern 
obtained with 2ME resembles that with MPL more so than the 
propanols. Cn the other hand, the results with ACN look 
similar to the prcpanols. It could be that, in the present 
results, the solvent polarity aspects may be more important 
than the bydrophobicity or possibly some intermediate effect is 
operating. Perhaps some of the other ethylene and propylene 
glycol ethers may show more hydrophobic tendencies. 

One of the parameters we had hoped to reduce w2s the overall 
system back pressure. Some eluent combinations leading to 
lower viscosity mobile pkases have been described6, but 2ME was 
not included in that study. Our results on a qualitative besis 
indicate that no significant edvantage is realized using 2RE 

instead of  the propsnols with respect to decreased overall 
system back pressure. 

Some questions that have not beep lealt with here are the 
degree of denaturation of sample proteins and loss of 
biological activity. Although we made no attempt to determine 
the degree of  biological activity f o r  the proteins Iecovered 
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2-METHOXYETHANOL AS MOBILE PHASE MODIFIER 2347 

from the verious mobile phases, this is probably somethin9 that 
should be lone. This cculd potentially give an additional 
advantage to the 2KE rrobile phases. Fowever, under the present 
conditions, the amount of ACb in the mobile phases along with 
the TFA would certainly favor denaturation and, thus, decreased 
recovery of biological Ectivity o€ most proteins. The 
Fossibility of using only 2ME as the mobile phase coulc2 
conceivably avoid this PCB effect, but the resulting compromise 
woulZ be an increase in overall system back pressure. Rowever, 
some of the selectivity effects could be 
with low, flow rates, as described by 
better results with possibly lower back 
of the lower flow rates. 

utilized and combined 
G36jch7 to give even 
pressures as a result 

Although the focus in this work has been on proteins, there are 
undoubtedly numerous other sample systems using both normal- 
and reversed-phase separation mode: where enhance2 selectivity 
effects of other ethylene and propylene glycol ethers might be 
J fruitful approach for uncovering unique properties useful to 
the liquid chromstographer for improving separetions. 
Ynvestjgation of these aspects is onsoing in our labs and we 
hope to have additional work to report in the future. 
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