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The research group was able to determine a three-dimen-
sional structure for a collagen (Type I from intact rat-tail ten-
dons) as it would actually appear in the ECM. The structure is
breathtakingly complex. The entire super-unit of collagen con-
tains collagen segments packed together such that neighboring
molecules, known as microfibrils, are super-twisted and then
interdigitated with each other (Fig. 1). The interdigitation
appears to be responsible for the super-lattice, which is con-
structed of quasi-hexagonally packed collagen molecules. The
researchers constructed a new electron density map that, for
the first time, clearly shows how all of the molecular segments,
including the previously unresolved gap region, are situated
(Fig. 1C). Also for the first time, the complete path of each col-
lagen molecule can be visualized, including how the interdigi-
tated microfibrils are arranged. And, perhaps most importantly,
these data (Fig. 2) all pertain to the native structure of the col-
lagen—how it would actually appear in living tissue.

The term “microfibril” has been used to name the basic
units, or boards, of the frame created by the collagen mole-
cules. The exact structure of the microfibril itself has been elu-
sive—until now. By tracing the path of a single collagen mole-
cule through several unit cells, the researchers solved this mys-
tery. What their analysis reveals is that the microfibril is con-
structed of five one-dimensional, pleated collagen molecules,
with a right-handed super-twist. This microfibril unit then packs
with its neighbor to form the observed interdigitation. This intri-
cate packing explains why individual microfibrils could not be
isolated—it is not possible to remove them from the superstruc-
ture without destroying their own structure.

This new information about how the collagen molecules
are stacked and connected makes it possible to develop
hypotheses about how two molecules related to human dis-
ease—decorin and the Matrix Metallo-Proteinase (MMP)—
behave. Decorin appears to be important in proper tissue con-
struction via microfibrillar and fibrillar packing; when the gene
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CC ollagens—we might take them for granted, but without them there would be no way to build tissues of the
heart, skin, cornea, or bones. In much the same way that wood is used to frame a house and form a struc-
ture for the overlying construction materials, collagens are proteins used in the framing of mammalian tis-
sues, but gaining an accurate picture of their three-dimensional structure in the body has proven more dif-

ficult. Knowing more about the structure of collagens could help biochemists improve their understanding of heart dis-
ease and cancer. Thanks to work by a research group based at the Illinois Institute of Technology and using the Bio-
CAT 18-ID beamline at the APS, a complete structure for a collagen molecule—as it actually appears in the extracel-
lular matrix (ECM)—is now available. This new knowledge of collagen structure provides important insights about sev-
eral molecules involved in human disease.
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Fig. 1. (A) Cross-section of multiple unit cells of the crystalline lat-
tice. (B) Overlap region of the 1-D repeat, with the triple helical
backbone of the pre-refined model (red). (C) Same as B, except
for the gap region where the super-twist occurs. (D) Twomicrofib-
rils, colored differently to easily identify the helical nature of the
microfibril twist. (E) Same as D, except three microfibrillar struc-
tures are shown, packed together to reveal the interdigitation.

for decorin is disrupted, fragile skin and connective tissue dis-
eases, such as Ehlers-Danlos syndrome, can ensue. The new
collagen structure provided by the research group shows sharp
turns in a gap region, freeing up molecular space that could be
used for decorin binding, especially on the surface of the struc-
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ture. Collagenase (MMP1), which is active in the extra-cellular
matrix (and, when malfunctioning, is implicated in heart disease
and cancer), is thought to rely on the superstructure of the col-
lagen molecule for normal binding and activation. Now that this
three-dimensional collagen structure can be clearly envisioned,
exactly what happens when MMP functioning goes awry can be
postulated.

The newly published collagen structure is especially impor-
tant because it is specific with respect to the microfibrillar sub-
structure, as well as the overall superstructure, which leads to
important insights into the way collagen binds other extra-cellu-
lar matrix molecules. These data will fill in several gaps for
researchers studying the biology of the extracellular matrix and
related tissue disease, where framing is all-important in endur-
ing stability. — Mona Mort
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Fig. 2. Background subtracted off-meridian diffraction pattern of rat-tail tendon (left) and simulated diffraction pattern from model-derived
intensities (right); the similarity between patterns shows the accuracy of the final model.
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