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Although the primary emphasis of our program has remained with the

application of Raman spectroscopy to the study of native tissue,

the scope of the work has been expanded to include a number of

complementary approaches. These have included Solid State 13C i

_a_R, autoradiography of radiolabelled woody tissue sections, and

the generation of biomimetic tertiary aggregates which simulate

states of aggregation characteristic of cell walls. During this

project period we have found it useful to clarify the levels of

structure we are addressing by emphasizing the distinctions

between primary secondary and tertiary structures, and noting

that, except when dealing with issues involving chemical

transformations, we are focusing on the interplay between

secondary and tertiary structures. The tertiary structures

represent the first level of intermolecular aggregation of the

constitutents of biological tissue. We note that in biological

i systems this level of aggregation is not likely to be adequately

described in te_ms of the conceptual framework usually applicable

to mixtures of constitutents; the latter framework usually relies

on assumptions of randomness and homogeniety which are notapplicable to a biological system.

Our Raman spectroscopic studies have resulted in progress in the

areas of interpretation of the spectral features, and confirmation

of the variability of the patterns of orientation of lignin

reported earlier. We have assembled and made operational our new

microprobe and spectrometer systems acquired under the DOE-URIP

program. We have also demonstrated that, operating with gated

_- detection and pulsed laser excitation, we can discriminate againstl

the laser-excited fluorescence characterisitic of most woody
I

tissue. Our studies of celluloses, which combine Raman

spectroscopy and 15C _74R have shown that all native celluloses are

composites of two forms which have the same secondary structure

m but different tertiary structures. Furthermore, there appears to
m

m be a correlation between the proportion of the two forms in a
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The PI chose relocation to the USDA Foerst Products Laboratory

(_?L) in Madison, together with an affiliation with the faculty of
I

the Chemical Engineering Department of the University of Wisconsin

at Madison, (UW-M). An agreemnt to transfer the current grant and

the equipment of the Raman spectroscopy laboratory has been

concluded and is currently being implemented. The senior staff

assoicate, graduate students, and postdoctoral fellow affiliated

with the programs in our laboratory have also relocated to _?L.

Though this report is being issued as an IPC document, the

i remainder of the work under the current grant period will be

completed at mL. We expect the Raman systems to be disassembled

i for transfer in late August. The Raman microprobe and the highresolution Raman spectrometer should be operational again by late

i September or early October. The ultrafast laser system should beoperational soon the-eafter.

OVERVIEW OF PROGRESS

I

Categories of Structure

In the "Discussion" section of our paper in Planta (Attachment I),

reporting our findings that lignin within the cell walls appearsa

to be highly organized, we raised the question whether the

categories of order common in traditional methodologies of

chemistry and polymer science will be adequate for description of

states of aggregation oz- molecular organization in the native

state. In particular, it was noted that the categories of

crystalline and amorphous, which are the usual categories of

tertiary structure, were very limited because they implied a range

of variation from the translational symmetries of crystallography,

at one end of the range, to the homogeneous disorder associated
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with amorphous stz_ictures at the other end. The states of

aggregation fn the cell wall are not within this range at all, for

though they appear to be highly ordered, the patterns cannot be

described in terms of lattice geometries. Nor can they be

regarded as homogeneous or disordered even though traditional

diffractometric methods do not detect the coherence in their

order. In our search for a conceptual framework to organize our

analyses of our observations we have found it useful to introduce

the notion of a Biomimetic Tertiary Aggregate, that being the

state in which two or more constitutents are aggregated in a

manner that simulates the states of organization in the cell

walls.

To clarify the terminology in use in our work, we describe the

levels of structure that we consider. The primary structure is

the pattern of covalent bonds in a prticular molecules, which will

concern us only in the case of chemical transformations. The

secondary stucture is the conformation of an individual molecule,

usually defined by the values of the internal coordinates. In a

...... biological macromolectule the internal coordinates of most interest

are those defining the linkages between its component units. The

tertiary structure then is the first level of intermolecular

aggregation to form the substance of biological tissue. The

pattern of aggregation is defined by the intermolecular

inte.factions between adjacent molecules. And because the

deposition of constitutents in biological tissue is not random,

the conceptual frameworks available from the classical theories of

mixed systems are not valid. Thus, our definition of Biomimetic

Tertiary Aggregates as a category of organization. It will no

doubt need further refinement and redefinition.

Though the need for a new conceptual framework was recognized as

we contemplated the results of our first Raman microprobe studies

of organization of lignin, we have adopted this perspective in all

of our s'cudies of native tissues, whether they be celluloses which

are nearly pure in their native state, or celluloses with other
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cell wall polysaccharides, as in tissues from algae and other

primitive plant forms, or lignocellulosic tissues with the full

complement of the constitutents of a wood. Our presentation of

the results of the different programs of investigation is

predicated on this perspective.

Raman Spectroscopic Studies

Our effort in Raman spectroscopy has continued to combine methods

development with the exploration of tertiary structure that is our

ultimate goal. Our first comprehensive report on our studies of

orientation in lignin was published in Planta (Attachment I), with

a preliminary report in Science (1) and a complementary report in

the Journal of Raman spectroscopy (2). A broader discussion of

the methodology is presented in tl_e preliminary preprint of a

i chapter entitled "Raman Spectroscopy of Lignin" which we have been

i asked to contribute to the book on Methods in Lignin Chemistry, C.

Dence and S. Lin, Eds, (Attachment 2).

-. _..

I In summary, the studies of the Ramsn spectra continue to combineconsiderations of primary stzuctures, which are necessary for

identifying the spectral features, with further explorations of

questions of tertiary structure and the methodologies they

require. As noted in greater detail in Atr. 2, we have recognized

that the intensity of the 1595 cm"I ring stretching band of

aromatic centers is enhanced by conjugation and pre-resonance

Raman phenomena. We are actively pursuing a program to identify

the primary contributors to this effect.

_ even more interesting observation is the transience of some of

the intensity enhancement effects when the specimens are exposed

to the 5145 A excitation while immersed in water. These transient

effects were not observable untill the new multichannel detection

systems were installed, because most of the changes occur during

the first few minutes of exposure, and thus escaped detection with
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the scanning, spectrometer system. We have in progress a progTam

to identify the species involved in this effect and the mechanisms

involved.

Because of these effects we deemed it necessary to carry out

additional experiments to acertain that our earlier conclusions

about lignin orientation were not based on artifacts associated

with transients. We found additional evidence of orientation in

spectra excited with the red line of a krypton laser, which are

entirely free of trandsients, and in spectra of adjacent domains

• acquired with the green line of the argon laser.

In addition to the work directed at spectral interpretation and at

explorations of tertiary structure we devoted some effort to

developing the use of the ultrafast laser with gated detection.

We demonstrated that it is possible to discriminate against the

I fluorescence of the samples by proper timing of the gatingrelative to the exciting laser pulse. We were able to

discriminate in samples of cellulose which has fluorescence

underlying the Raman spectra, in samples of ethylene glycol that

had fluorescein dissolved in them, and in samples of ground wood.

We expect to couple the ultrafast laser and the gated detection

system to the microprobe sometime before the end of the current

grant period.

Reports are currently in preparation on the studies off the

tansient components in the 1595 cm"1 band, on the discrimination

against fluorescence using the ultrafast system, and on the

preliminary mapping studies using the new microprobe system.

Tertiary Structures in Celluloses

Our studies of tertiary structure in celluloses has combined the

use of Raman spectroscopy with x-ray diffractometry and Solid

State (CP/MAS) 13C NMR. Two recent publications are attached.

5
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One is from the proceedings of the 10th Cellulose Conference

(Attachment 3), the other from the proceedings of the Cellucon 88

Conference (Attachment 4). The latter is the publication in which

we introduced the conceptual framework which we have adopted into

our discussions of the structures of cellulose. The former,

Attachment 3, provides a more complete presentation of the

evidence in support of our interpretations.

In terms of our framework, the key findings are that native

celluloses from plants are composites of two forms of cellulose

that have the same secondary structure but subtly different

tertiary structures, which we have identified as Ialph a and

Ibeta. The Raman spectra, which are more sensitiv _ to secondary

than tertiary structure show that the skeletal conformations are

the same but that the hydrogen bonding patterns between the chains

are different. The Solid State 13C NMR spectra, which are

sensitive to both secondazy and tertiary structures, show that two

intimately blended tertiary structures occur in all the native

celluloses, and that the balance between the two forms is

- .... dependent on the source of native cellulose° The bacterial and

algal celluloses have the Ialph a form dominant, while the

celluloses from the higher plants have the Ibeta form dominant.

Another significant observation was the finding that a cot.relation

seems to exist between the type of terminal complexes

sysnthesizing the celluloses and the balance between the two

tertiary stuctures. The celluloses that have the IbetafOrm

dominant all appear to be produced by plants that have rosette

like arrays of complexes at the cell membrane. Thus, a tertiary

Structure defined by the processes of deposition is clearly

indicated. We note in this connection that Chanzy and coworkers

have found the auuimal cellulose tunicin to be of the pure Ibeta

form (3) •

' 'I" , " 'P'" +"' N ,,,, Pll],ll_, ,,,,, , ,,, ,mup, "
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Biomimetic Tertiary Aggregates

Our reports on biomimetic tertiary aggregates are currently in

preparation. In the accompanying proposal we have defined two

classes of biomimetic aggregates, the first prepared to explore

the effects of other cell wall constitutents on the patterns of

aggregation of cellulose, the second seeking to duplicate the

patterns which may emerge when lignin precursors are ploymerized

in ordered polysaccharide matrices. Our own program has focussed

on the first of these classes.

Our program on the manner in which constitutents which mimic the

cell wall environment affect the aggregation of cellulose was

concerned with two groups of consitutents. They were added to the

media of Acetobacter ×ylinum cultures, and the celluloses

harvested from these cultures were characterized with respect to

states of aggregation using X-ray diffractometry, Raman

spectroscopy, and in selected cases, Solid State 13C NMR. The

groups of consitutents were some selected polysaccharides similar

- to those occuring in the cell wall and a group of lignin

precursors known to occur within the cell walls of differentiating

woody tissue, and some related mcdel compounds. In the studies

carried out so far these two groups have been evaluated

separately.

'The polysacchayides investigated included low molecular weight

mannans, some xylans, and a tamarind seed derived xyloglucan.

They were found to influence the states of aggregation of

cellulose to varying degrees. The effects will be described in

detail in a future report, but one key finding is relevant here.

This finding is that in every instance application of procedures

routinely used in the isolation of cellulose from plant tissue

resulted in changes in the state of aggregation. The changes were

in the direction of producing a more crystalline aggregate than

that originally formed, Thus, although in most cases the

aggregates formed initially were different from those of the
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controls, after they had been subjected to the extraction

procedures usually used to remove other cell wall constitutents

they were in essence indistinguishable from the controls.

The lignin precursors investigated included coniferyl alcohol,

coniferini and syringin. In all cases the cellulose aggregates

were less crystalline than the controls, but with the group it was

only necessary to apply vigorous washing to bring about

aggregation similar to that in the controls. This effect is not

unlike reported by Haigler and Brown and their coworkers (4-7)

when they washed with distilled water bacterial celluloses the

structure of which had been perturbed by optical brightners.

, The findings in these studies raise a very important question

| about models of celluloses in cell walls of higher plants. It is

generally assumed that the cellulose is formed as fibrils which

are embedded in the polysaccharides and lignin matrices that
surround them as encrustants. Our results suggest that this may

be an unjustified extrapolation of the obsezvations on more

primitive plants or on selected higher plants wherein the

, cellulose is produced in near pure form. We believe it importa_

to consider the possibility that the fibrillar celluloses that a_-_

isolated from higher plants using, classical preparative

procedures, may have a morphology that is more reflective of the

isolation procedure than the native states of aggregation.

Autoradlographic Localization of Hemicelluloses in Cell Walls

This work was undertaken in our laboratory in collaboration with

Dr. N. S. Thompson in relation to a mutual interest in the

relationship of hemicelluloses to cellulose. Dr. Thompson had

! used autoradiography in some previous studies of hardwoods; we
|

were able to contribute some refinements of the methodology.
Although the initial motivation was the localization of the|

_i hemicelluloses, as reported in a preliminary manuscript appended

i
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es Attachment 5, the variability in the content of the

hemicelluloses monitored suggested different degrees of moderation

of the states of agEregation of cellulose. Furthermore, the

implication is clear from the resulting distributions of

hemicelluloses that they are deposited simultaneously with the

celluloses. Even more direc t evidence was seen in the

autoradiographs of less mature tissue not included in the present

Study.

These results, when _.aken together with the expectation that the

the hemicelluloses and cellulose are thermodynamically comparable,

provide: further support for our view that, particularly in the

higher plants, the traditional model of pure. cellulose fibrils

surrounded by encrust_ts is seriously flawed. In search of

al ternatives we have considered the posibili ty that the

hemicolluloses and lignin precursors are more intimately blended

with the cellulose than is generally assumed. C_ the basis of the

: studies of biomimetic _gregates derived from the cultures of

Acetobacter xylinum, we believe that the hemicelluloses are the

primary moderators of the states of ag&cregation of the cellulose,

and that the lignin precursors are involved in a secondary role
not yet clearly defined.
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