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used for the retent ion dat a base will thus stro ngly
influenc e the ca lculat ion of the G RCs.

The effect o f peptide len gth on the GRCs was
therefore assessed by per fo rming addi tio na l linea r
reg ressio n analysis between the EXP-C lsT A and
LIT-C I ST A G RC sca les acco rdi ng to va rio us pep
tide length cr iteria . In the firs t instan ce. 8 gro ups of
peptides of different chain length s were esta blished
using the LIT-C 1sTA GRC sca le which included
peptides co nta ining 2-30. 2-20. 2- 15. 2- [0. 2- 8.
2-7.2-5 a nd 2-4 ami no acid resid ues in length . The
correlatio n coefficient from the linear regressio n
ana lysis of these rest ric ted LIT G RCs wit h the
EXP-C I STA sca les a re shown in Fig . 5. Th e highest
co rrela tio n for these co mpa riso ns was obta ined for
the LIT sub-gro up co nta ining peptides up to 15
a mino acid residues. Th e average length of the LIT
peptides in the gro up of pep tides with 2- 15 residues
was 7.2 residu es. It can therefore be a nt icipa ted that
the LIT peptide group wit h 2- 15 amino acid resid 
ues sho uld exhibit a high degree of co rrela tio n with
the EX P-C I ST A sca le which were deri ved from
peptides of 7 amino acid residues. Th e LIT peptide
groups co nsisting of sho rter peptides, i.e. 2- 10. 2-8.
2-7. 2-5 a nd 2-4 amino acid residues. exhibited
lower correla tion wit h the EX P-Cl sTA sca le. This
divergence may be due to exaggera ted N- and C
term inal effects associated with the LIT peptide sets
du e to their o rigin. For exa mple. man y peptides
were trypti c peptides which conta in a basic amino
ac id residue (a rginine o r lysine) a t the C- termina l

OFK YKG K
FK YK G K L

C ' ijTA CijTA C.TA

CijTA 0.65
C4 TA 0.75 0.44
C,JPA 0.69 0.66 0.66

I l l.
11 2 .

1. GWEIP E P
2 . WEI PE PY
3 . EI PEPYV
4 . IP EPYVW
5 . PEPY VWD

TABL E IV

CO RRE LAT ION COEFFIC IENTS FO R T HE LI N EAR
CO MPA RISON OF T HE AM INO AC ID FREQUENCIES IN
EACH OF T HE LIT PEP TIDE DATA SETS (1/= 18.
r9 5 % = 0.44 )

which are d ifferent to the predicted times based on
the summa tion of the ir G RCs. The d ifferences in
the cha in lengths of the peptides used fo r the LIT
and EXP dat a bases may ther efore represent a n ad
ditional fact or which co ntributes to the simila rity of
the 5 EX P coeffic ient sets. Th e EX P peptides were
a ll 7 resid ues in length while the LIT pepti des ra ng
ed in length fro m 2 to 30 amino acids. It is genera lly
conside red th at as peptide lengt h increases. there is
a grea ter pr obabili ty for chroma togra phic ligands
to ind uce tra nsitions from a disorgani sed random
coil structure to a sta bilised seco nda ry structure .
Conformat ion al rearran gements of peptides have
been monitored in RP-HPLC th rough measure
ments of the cha nge in chromatographic co ntact
a reas a nd affinity and also th rou gh cha nges in th e
ent ha lpy and entro py associa ted with the bind ing of
the peptide to the sta tiona ry phase ligands [1.2].
Thus. the hydrophob ic nature of the reversed-phase
ligands ca n induce the format ion of seco ndary
struct ure . such as an amp hipathic «-helix [1 3] and
this process will prevent the amino acid resid ues
whic h are oriented away fro m the sta tio nary phase
surface to con tribute to the peptide retention. The
extent o f co nforma tio na l flexib ility of the peptides

Fig. 4. Dia gram illustr at ing the method used to gene rate over
lapping heptamers o r the amino acid sequ ence or myo hemcryth
rin.

Fig. 5. Correlat ion coefficients genera ted for the co mparison of
the EXP C' ijTA G RCs and LIT GRCs with specified peptide
length crit eria .
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(4)

(3)

The K and K' in eqn. 3 represent the respective
correction factors for differences in UV 280 nm and
RI response between the glycoprotein ofinterest and
the calibration protein.

EO. 1 % glycoprotein
K = Eo.1 % calib. protein

and

K' = (~)glycoprotein ~ I

(
dn) -
de ca l ib. protein

where K is the ratio of extinction coefficients and K'
is the ratio the refractive index increment for the
glycoprotein of interest to that of the calibration
protein. The assumption that K' ~ I will be evalu
ated in this paper. The purpose of this work is to
establish the validity of the RljUV method for
compositional analysis of glycoproteins and to
establish its precision for typical glycoproteins.

EXPERIMENTAL

Materials
Sialic acid, N-acetylglucosamine (GlcNAc), mal

tose, maltotriose, maltotetraose, ribonuclease A
(RNase A), and ribonuclease B (RNase B) from
bovine pancreas were obtained from Sigma
(St. Louis, MO, USA). Glucose and galactose were
from Applied Science Labs. (State College, PA,
USA). Fucose was from United States Biochemical
Corp. (Cleveland, OH, USA). The dextran 1000
(Mn = 1010, M'; = 1270) and dextran 6000 (Mn =
6100, M'; = 6700) were obtained from American
Polymer Standards Corp. (Mentor, OH, USA).
Bovine serum albumin (BSA) was from National
Institute of Standards and Technology (Gaithers
burg, MD, USA). IgM samples were from Chi ron
(Emeryville, CA, USA) and Rockland (Gilbertsville,
PA, USA). The source of bovine fetuin was from
Gibco Labs. (Grand Island, NY, USA) and was
obtained as a gift from the laboratory of Professor
R. Townsend [7]. Interleukin-2, a human recombi
nant protein was produced in E. coli (Chiron) and
contains no carbohydrate.

(1)

RI areajmg carbohydrate

Determination of glycoprotein mass composition
requires calibration of the SEC system with the
protein and carbohydrate moieties separately, which
will yield the RI and UV peak areajmg terms
(calibration slopes). A single injection of the intact
glycoprotein will give the UV and RI area for the
glycoprotein and allow calculation of the mass
composition (WGjWp) . There are many instances
when it is not possible nor practical to calibrate this
mass composition analysis with the deglycosylated
portion of the glycoprotein. In these instances
another non-glycosylated protein can be used as a
calibrator. Eqn. 2 then becomes:

RI area glycoprotein
RI areajmg calib. protein· K'

(
UV area glycoprotein )

UV areajmg calib. protein· K

where No is the refractive index of pure solvent;
(dnjdc)p and (dnjdc)G are the specific refractive
index increments of protein and carbohydrate, re
spectively, and Cp and CG are their mass concentra
tions. Since the protein and oligosaccharide moieties
are relatively large polymers linked with a single
covalent bond, the assumption of eqn. 1 should be
accurate. Eqn. 1 can be rearranged to give the
working eqn. 2. The detail for this derivation is
presented in ref. 6.

RI area glycoprotein j
----~-'--------"----.-- RI area mg

(
UV area glYCoprotem) protein

UV areajmg protein (2)
RI areajmg carbohydrate

index (RT) detectors in series. The UV detector at
280 nm selectively detects only the aromatic residues
in the protein moiety of a glycoprotein, as sugars do
not absorb at this wavelength. The RI detector
responds to the mass of protein and of the carbohy
drate. The protein contribution to the RI signal is
calculated from the protein concentration calibra
tion derived from the UV detector data; the re
maining RI response is due to the carbohydrate. The
fundamental assumption is that the refractive index
of the glycoprotein solution (NG P) , can be expressed
as the sum of the refractive indices of its compo
nents, P (protein) and G (carbohydrate):

(
dn) (dn)N G P = No + Cp de p + CG de G
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Fig. 2. Comparison chromatograms of SPE and and isopropyl
alcohol solvent extraction of fermentation broth. (a) and (c) are
broth extracts at 5 and 17 h using SPE. (b) and (d) are broth
extracts at 5 and 17 h using isopropyl alcohol liquid extraction.

enzymatic by-products of fermentation metabolism
generally consisting of crude proteins and amino
acids, waxes, sterols, phospholipids, pigments, vita
mins, minerals, soluble gums and other related nu
trients needed for fermentation. Eliminating these
analytical interferences becomes increasing impor
tant during the fermentation cycle. As aerobic res
piration of the microorganism proceed, the con
centration of metabolic by-products increase and
can interfere with identification and quantitation of
the sugars as depicted in Fig. 2d. SPE provides oth
er advantages for the chromatographic system. Col
umn cleanup and maintenance is minimized as well
as injector reproducibility and clogging.

Fermentation broth consistencies can vary from
a watery consistency to a mud-like sludge. This is
usually a function of the extent of fermentation and
processing. Accuracy of this procedure is dependent
upon proper sampling, dilution and resuspendabil
ity of the fermentation broth. Failure to perform

CONCLUSIONS

these may result in inadequate extraction, clumping
and/or SPE overload.

This procedure will provide a rapid and accurate
method for assessing carbohydrate needs and con
sumption patterns of microorganisms in fermenta
tion media. This procedure can also discern other
sugars, such as lactose, galactose, xylose, pyranose,
inositol, and mannitol that may be required for oth
er types of fermentation processes. Elucidation of
these carbohydrate nutrient patterns will enable fer
mentation engineers to define their complex natural
media, allowing adjustments to the broth using sci
entific judgement rather than inherited art. Identifi
cation of the metabolic processes and their nutrient
needs will enhance the potency of industrial anti
biotics production.

HPLC analysis of carbohydrates using SPE pro
vides a rapid and reliable means in which to analyze
individual sugars in fermentation media. SPE pro
vides an excellent means to remove fermentation
broth matrix interferences, allowing a clear inter
pretation of the chromatographic results. SPE pro
vides several chromatographic advantages over tra
ditional solvent extraction that result in less inter
ferences, simultaneous elution and baseline shifting
as well as maintaining column and chromatograph
ic system integrity. The chromatographic assay is
rugged and reliable allowing detection of carbohy
drates in the fermentation extract throughout the
microorganism's lifetime. This information can be
used to optimize the microorganism's growth and
subsequent antibiotic production in the fermenta
tion broth since the simple sugars are the preferred
carbon and energy source.
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