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Abstract

AIM To study the relationship between
insulin A chain regions and insulin biological
activities, we designed a series of insulin
anal ogues with changes at A21, A12-18 of C-
terminal helical region and A8-10 located in the
region of A6-Al1 intra-chain disulphide bond.
METHODS Insulin A-chain analogues were
prepared by stepwise Fmoc solid-phase
manual synthesis and then combined with
natural B-chain of porcine insulin to yield
corresponding insulin analogues. Their
biological activities were tested by receptor
binding, mouse convulsion and immunological
assay.

RESULTS [A21Ala]lIns retains 70.3%
receptor binding capacity and 60% /n vivo
biological activity. [DesA13-14, A21Ala]Ins
and [DesA12-13-14-15, A21Ala]Ins still have
definite biological activity, 7.9% and 4.0%
receptor binding, and 6.2% and 3.3% in vivo
biological activity respectively. [A15Asn,
A17Pro, A21Ala]lIns maintains 10.4%
receptor binding and 10% /n vivo biological
activity. [A8His, A9Arg, A10Pro, A21Ala]Ins,
[A8His, A9Lys, A10Pro, A21Ala]Ins and
[A8His, A9Lys, A10Arg, A21Ala]Ins have 51.
9%, 44.3% and 32.1% receptor binding
respectively, 50%, 40% and 30% in vivo
biological activity respectively, and 28.8%,
29.6% and 15.4% immunological activity
respectively.
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CONCLUSION A21Asn can be replaced by
simple amino acid residues. The A chains
with gradually damaged structur al integrity
in A12-18 helical region and the demolition
of the A12-18 helical region by the
substitution of Pro and Asn for A17Glu and
A15GIn respectively can combine with the
B chain and the combination products show
definite biological activity, the helical
structure of A12-18 is essential for biological
activities of insulin. A8-10 is not much
concerned with biological activities, but is
much more important antigenically in
binding to its antibodies, these results may
help us design a new type of insulin analogue
molecule.

INTRODUCTION

To elucidate the multi-functions of insulin molecule,
hundreds of insulin anal ogueswith changesinvolving
90% of the constituting 51 amino acid residues at
various parts of insulin molecule have been prepared
by either chemical modification or synthesisduringthe
past two decades. In thiscommunication wereport the
influences of threedifferent regionsof insulin A chain,
especially the secondary structureregion, i.e. A12-18
helical region, oninsulinbiologicd activities.Recently,
thorough studies of insulin analogues with del etion of
fragments of the molecule were also undertaken, but
restricted mostly to changesin the C-terminal part of
the B chain™?, presumabl y dueto itslocation outside
thedisulfide linkage and therefore ease of splitting off
atryptic or peptic fragment and recombining with a
modified or shortened fragment by chemical or
enzymatic semi-synthesis. No such enzymatic sitewas
found in A chain, and most of itsamino acid residues
are confined inside disulfide linkages. Chemical
synthesismight beabetter choicefor making analogues
with modification or deletion in part of the A chain,
which constitutes the main feature of this
communication.

To obtain insulin analogues, we first set up the
semisynthesis strategy of insul in. Insulin A chain
was synthesized by the Fmoc solid phase synthesis
strategy, and then synthetic A chain S-sulphonate
was combined with porcine insulin B chain S-
sulphonate forming crystallineinsulin®. Based on
these experiences, the following insulin anal ogues
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were semisynthesized. They are [A21Ala]Ins¥,
where A21Asn is replaced by Ala, and its
derivatives with deletions in the A12-18 helical
region, [DesA13-14, A21Alg] Ind“ and [DesA12-
13-14-15, A21Ala]Ing“, and [A15Asn, A17Pro,
A21Al a]lns, where the helical structure of A12-
18 was also demolished by the substitutions of Pro
for A17Gluand Asnfor A15GIn predicted by Chou-
Fasman met hod, and [A8His, A9Arg, A10Pro,
A21Ala]Ins®, and [A8His, A9Lys, A10Pro,
A21Ala]Ins!®, and [A8His, A9Lys, A10Arg,
A21Ala]Ins® , in which His reminiscent A8 of
chicken insulin with high biological activity took
the place of A8Thr and Arg, Lys, Pro replaced
A9Ser and A10lle to examine the influences of
these alterations on receptor binding and
antigenicity of insulin. The sequences of insulin A
chain analogues are asfollows (Figure 1).

1 5 10 15 2

lsin A Chain ~ G.LV.E.Q.C.C.T.8.1C.SLY.QLEN.Y.CN
G.LV.EQCCTSILCSLY.QLENY.CA
G.LV.EQC.CTSILCS.....QLENY.CA
G.LV.EQCCTSIC.........LEN.Y.CA
G.ILV.EQC.CTSLCSLY.NLPNY.CA
G.LV.EQCCHRPCSLY.QLENY.CA
G.ILV.EQC.CHKP.CSLY.QLENY.CA
G.LV.EQC.CHKR.CSLY.QLENY.CA

~1 O A B L B =

Figure 1 Insulin A chain analogue sequence.

MATERIALS AND METHODS

Materials

Porcineinsulin (26.4U/mg), Shanghai Bioch-emical
Plant; Sephadex G-15, G-50, Sepharose CL-6B,
Pharmacia; Fmoc amino acid, prepared in the la
boratory; DCC, acetonitrile, trimethylsilyl
trifluoromethane sulfonate (TMSOTF), thioanisole,
Fluka Co. trifluoro- acetic acid (TFA) Merck Co.;
DTT, ServaCo.

Methods

Peptide synthesis Base labile N-Fmoc protected
amino acid was coupled by DCC-HOBt to the 2%
cross linked fi-alkoxybenzyl alcohol resin. The
functional side chain groups were protected by tBu
for Cys, Glu, Tyr and Ser. Scheme of manipulation
was the same as reported®. The peptide chainwa's
detached from the resin support with simultaneous
removal of all tBu protectin g groups by TFA except
S-tBu of cysteine. S-tBu was deprotected by M
TMSOTf-t hioanisole-TFA system™ and transformed
to S-sulphonate by tetrathion ate and sulfite with the
procedure as reported!™.

Isolation and purification of ASSO; Crude
ASSOs fractions were purified by HPLC with
gradientelution (A: 0.1% TFA, B: 60% CH5CN, 0.125%

TFA).

Recombination with thenatural (porcine) BSSO; and
purification Thiswascarried out according to modified
Chance sprocedure . The crude product was purified by
HPL C using the same procedure asthat f or ASSO;..

Receptor binding, in vivo activitiesand RIA The
receptor -binding of insulinand ana ogueswasdetermined
by the displacement of labelled insulin from theinsulin
receptor onthe human placental membrane according to
Feng' §9 procedure. The in vivo activity was estimated
semiq uantitatively by mouse convulsion assay. RIA kit
produced by the Shanghai Biolog ical Product Institute
wasused for RIA of insulin and analogues.

RESULTS

Peptide synthesis

Insulin A chain analogueswere prepared starting from
300 mg-500 mg each of Fmoc-aanyl resin and products
obtained from each step and the final overall yield is
giveninTable 1.

Table 1 Data on the synthesis of A chain analogues

A Chain FmocAla-resin Target peptide- ~ After Overall
analogues mg(mmol) resin(mg) HPLC(mg)  yield(%)
1 500(0.19) 769 62.1 12.3
2 500(0.19) 749 54.6 12.0
3 500(0.19) 724 45.4 12.4
4 500(0.32) 865 20.0 4.5
5 300(0.135) 657 39.6 10.6
6 300(0.135) 648 40.1 11.2
7 300(0.135) 660 41.3 11.1

Reconstitution of A and B chain and purification
of the products

Accordingtothemodified Chance sprocedure, insulin
anal ogues were obtained by purification of the crude
recongtituted products. Theidentific ationsof aminoacid
analysisand HPL Cindicated homogeneous products of
insulin anaogues.

Biological activities

The receptor-binding capacities calculated from the
receptor binding curve, in vivo activities and
immunological activitiesareshownin Table2.

Table 2 Biological activities of insulin analogues (%)

Sample  Receptor binding ~ Mouse convulsion Immunological activity
Ins 100 100 100

1B 70.3 60

2B 7.9 6.2

3B 4.0 3.3

4B 10.4 10

5B 51.9 50 28.8

6B 44.3 40 29.6

7B 33.1 30 15.4
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DISCUSSION

A21Asn was considered to be a key amino acid of
theinsulinmoleculeinregardtoitsreceptor binding.
It has been very conservative in the evolutionary
process, and when replaced the anal ogues showed
remarkabl e diminution of biological activity. Our
results showed that the analogue with the A21 Asn
replaced by Ala exhibited substantial activity in
vivo and especially higher level of recept or binding,
indicating thenon-essentiality of A21Asninreceptor
bindingand biological activity aswell. It could well
be replaced by other amino acid residu eswith good
retention of biological activities. Better resultswere
observed wh en the side chain of the A21 amino
acid is smaller or not present (Gly)!®. However,
deletion of the A21 residueis fatal as the activity
of desA21 insu lin showed only lessthan 1% of the
activity. Apparently, like somenon-essenti al amino
acid residues in the insulin molecule, A21 is
important in maintaining the specified spatial
configuration of insulin required for its biological
activities.

Itisgenerdly accepted that during the recongtitution
of A and B chain to insulin A6-11 disulfide bond
formed first and this led to the formation of right
natural conformation by self adjustment. When the
B chain was getting in touch with the intrachain
disulfide, A6-11, ahydrophobic nucleus wasformed
to enhance the proper pairing of two Cysin both
ends of the B chain to corresponding Cys of the A
chain®®. The success of our reconstitution with
deleted A chain supports to a certain extent this
suggestion. It showed that the C-terminal helical
regioninthe A chain of insulin was not asimportant
astheN-terminal helical regioninreconstitutionwith
the B chain. The biological activities of insulin
anal ogueswith gradually damaged structural integrity
inA12-18 helical regionweresimilar tothat of insulin
analogue with the demolition of the A12 -18 helical
region by the substitution of Proand Asnfor A17Glu
and A15GIn res pectively. The observations
suggested that the helical structure of A12-18 is
essential for biological activitiesof insulin.

It was generally suggested that the enhanced
activities of [A8His]Ins*Y, chicken and turkey
insulinswere ascribed to the Hisat A81*24, which
should account for the higher affinity for insulin
receptor. Our results showed that the presence
of His at A8 apparently did not enhance the receptor
binding. The receptor binding of [A8His] Insshould
lie at the range of about 50%. The enhanced

potency of theseinsulins containing Hisat A8 may not
result solely from an apparent and direct effect dueto
the presence of A8His. A8Hisand A10Arg signify a
higher influence on insulin antigenicity. A8His will
enhance thebinding activity to theanti-insulin serumY,
while A10Argwill decreasethisbinding, but aminoacid
at A9 had very little to do with antigenic activity. In
addition to studies on how to elucidate the action of an
insulin m olecule to its receptor and express the
physologicd activity that followssuchaction, thepurpose
of sudiesonthestructureactivity relationship of insulin
will rely more on how to get abetter and oguewith high
potency but low a ntigenicity. We hope that the
information provided in thisstudy will bebeneficia to
the devel opment of anew type insulin analogue with
those qualities through design of an appropriate
architecture of thisimportant hormone.
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